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Extract from the Minutes of the Proceedings of the Senate, Tuesday 
September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the 
light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the 
Federal Government in the fields of physical, life and human 
sciences;

(c) federal assistance to research and development activities 
carried out by individuals, universities, industry and other groups 
in the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements 
and the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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Extract from the Minutes of the Proceedings of the Senate, Thursday, 
September 19th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the 

Honourable Senator Benidickson, P.C.:
That the name of the Honourable Senator Robichaud be substituted 

for that of the Honourable Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER, 
Clerk of the Senate.
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CURRICULUM VITAE

MEMBERS OF THE COMMITTEE

Aird, Hon. John Black B.A., Q.C., (Toronto). B. May 5, 1923 at Toronto 
S. of Hugh Reston Aird and May Black, both Can. Ed. Upper Can. Coll., Univ. 
of Toronto and Osgoode Hall. M. July 27, 1944 to Jane, Dau. of Harry B. 
Housser of Toronto. Four children: Lucille E., Jane V., Hugh H. and Katherine 
B. A. Lawyer. Served as Lieut. R.C.N.V.R. 1942-45. Partner; Edison, Aird & 
Berlis; Vice-President and Director The Algoma Central Railway; Director, 
Bank of Nova Scotia; Canada Permanent Trust Company; The National Life 
Insurance Company of Canada; Consolidated-Bathurst Limited; American Metal 
Climax, Inc. Summoned to Senate November 9, 1964. Party pol.: Lib. Rel.: 
Anglican. Address: 2 Glenallan Road, Toronto 12; Business: Suite 914, 111 
Richmond Street West, Toronto, Ont.

Belisle, Hon. Rheal (Sudbury), B. July 3, 1919 at Blezard Valley. Son 
of J. B. Belisle and Philomene Nault (French Canadian). Married Aug. 21, 
1941 Edna Rainville—8 children. Educated at Blezard Valley, Chelmsford and 
University of Toronto. Councillor, Township of Rayside, 1945; Reeve Township 
of Rayside, 7 years 1946-52 inc.; Clerk Treasurer of Rayside Township 2 years; 
President and Director of Sudbury and District Municipal Association; Director 
of Sudbury and District Home for the Aged; Director of Sudbury and District 
Chamber of Commerce, 1950-55; Director, Chelmsford & Valley Chamber of 
Commerce, 1952. During World War II served with the Canadian Army, 1941- 
43. Entered the Legislative Assembly of Ontario in the new riding of Nickel 
Belt at the General Election, June 9, 1955. Re-elected at the General Election, 
June 11, 1959. Secretary of Nipissing and Sudbury P.C.’s, Vice-President of 
Sudbury and President Nickel Belt. Godfather of five universities. Summoned 
to Senate, February 4, 1963. Represented the Canadian Senate to NATO 
Conference in Paris, October-November 1963. Visited NATO military installa
tions in NATO countries. President of Sudbury Insurance Agency. Director of 
Belden Corporation Limited. Director of Fielding Lumber Co. Ltd. Chairman of 
the Board of Governors of University of Sudbury. On December 1, 1964 was 
delegated to represent the Senate at the 19th Session of the General Assembly 
of the United Nations, New York. April 24, 1965 named for Life, Honorary 
President of L’Association D’Education d’Ontario. October 4, 1965 represented 
the Canadian Senate to the 20th Session of the General Assembly of the 
United Nations, New York, when Pope Paul visited the United Nations. Party 
Pol. P.C. Rel.: Catholic. Address 403 Simpson Road, Ottawa.

Bourget, Hon. Maurice, P.C., B.Sc.A., M.E.I.C., Ing.P,. (The Laurentides). 
B. Oct. 20, 1907 at Lauzon, Que. Ed. Commercial Academy, Quebec, Lauzon 
Coll., and at “Ecole Polytechnique” of Montreal. A consulting engineer. Mem. 
Bd. Dir. of British Nfld. Corp. Ltd. and Hall Corp. of Can. Member Engineering 
Institute of Canada; Professional Engineers’ Corporation of Quebec. Elect, to
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H. of C. at g.e., 1940 and re-elect, at g.e., 1945, 1949, 1953, 1957 and 1958. 
Parliamentary Asst., to the Min. of Public Works, Oct. 14, 1953 to 1957. Can. 
Del. to U.N., Paris, 1951. Can. Del. Gen. Conf. of Commonwealth Inter
parliamentary Conference, London, 1961. Joint Chairman of Can. Deleg. to 
7th Mtg. Can.-U.S. Int. Group, Washington, D.C. Jan. 14-19, 1964. Summoned 
to Senate Apr. 27, 1963. Speaker, Apr. 27, 1963 to Jan. 6, 1965. Sworn of the 
Privy Council, Feb. 22, 1966. Party pol.: Lib. Rel.: Catholic. Address: 59 St. 
Etienne St., Lévis, Que.

Cameron, Hon. Donald, B.Sc. M.Sc. LL.D. (Banff). B. Mar 6th, 1903, at Daven
port, England. S. of Donald Cameron and Marion MacFayden, both 
Scottish. Came to Canada, 1906. Ed. at Lakeview High School and Univ. of 
Alberta. Degrees: B.Sc. 1930, M.Sc. 1934, LL.D. (Honoris Causa) Univ. of B.C. 
1959. M July 6th, 1932, to Stella Mary, dau. of Mr. and Mrs. Samuel Joseph 
Ewing, of Calgary, Alberta. One daughter: Mary Jean. Professor. Director 
Dept, of Extension, Univ. of Alberta, 1936-1956; Dir. Banff School of Fine Arts, 
1936 to present; Dir. Banff School of Advanced Management, since 1952; Dir. 
National Film Society of Canada, 1936-1950; Pres. Can. Handicrafts Guild, 
1946-49; Mem. National Film Board of Canada, 1943-1950; Chairman Can. 
Legion Education Services Pacific Command, 1939-46; Mem. National Advisory 
Comm, on Citizenship, 1939-45; Mem. Can. Institute of Agric. ; Amer. Acad. 
Pol. Science; Mem. Council Can. Assn, for Adult Education; Educational Con
sultant Performing Arts Magazine. Western Can. Consultant Encyclopedia 
Britannica; Mem. Can. Govt. Delegation to Ninth Gen. Conf. UNESCO, New 
Delhi, 1956; Leader Can. Del. UNESCO Conf. Montreal, 1960. Appointed Chair
man Royal Commission on Education, Alberta, 1958. Leader Can. Del. Ninth 
Conf. Commonwealth Pari. Assn. Kuala Lumpur 1963. Dir. Rocky Mt. Life 
Insurance Co. Summoned to Senate, July 28, 1955. Party pol.: Ind. Liberal. 
Rel.: United Church. Address: Edmonton, Alberta.

Desruisseaux, Hon. Paul Q.C., L.L.D., (Wellington). Lawyer, Editor, 
Publisher, Broadcaster. B. Sherbrooke, Quebec, Canada, May 1, 1905; S. of 
Geoffroy François and Sarah (Gauthier) Desruisseaux, grad. St. Charles 
College, 1928, Montreal College 1931, grad. Law University of Montreal, 
1931-34. Post graduate of Batson Institute 1935, Harvard 1935-1936, M. June 16, 
1945 to Celine Duchesnes; Children—Louis (deceased), François, Hélèna, 
Pierre; Admitted to P. of Que. Bar 1934; Practiced in Sherbrooke, Que; 
Chairman: Radio and Television Sherbrooke Inc., 1967; Quebec Telemedia Ltd., 
1967; Melchers Distilleries Ltd., 1967; Honorary Board of Governors of the 
P. of Q. Association for the Mentally Retarded—1964; Chairman & President: 
Desmont Research and Development Inc., 1965; Les Publications Sept Jours 
Inc., 1966; Barwick Printers 1967; President: Cablevision (Montreal) Ltd., 
1965; La Tribune Inc., 1955-1967; CHLT-TV, CHLT, CHLT-FM 1955-67; 
Trilitho Inc., 1964-1967; Cinéma Plaza Inc., 1965; St. Régis Investments Inc., 
since 1948; Association Canadienne des Quotidiens de langue française 1961-62; 
Vice-President: Delta Service Inc., since 1961; Cinéma Télécinéma Inc., since 
1954; Cinéma Premier Inc., since 1953; Telegram Printing & Publishing Co., 
Ltd., since 1951; Director: Royal Bank of Canada since 1962; General Trust of 
Canada since 1961; Shawinigan Water & Power Co., 1961 until its nationaliza
tion in 1965; Southern Canada Power Co., 1958 until nationalization in 1965; 
Director. Shawinigan Industries 1962 until nationalization in 1965; Denault Ltd.,
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1961; Quebec Health Services 1961-65; Laurentian Gas Co., since 1960; Financial 
Expansion Corp 1959-65; Quebec General Investments Corp. 1962-63; Walter 
M. Lowney Co. Ltd. since 1962; Forano Ltd. 1962-65; Société d’Expansion 
Financière 1962-64; Corgemine Ltd. 1965-67; Director: L’Association Canadien
ne des Quotidiens de langue Française 1959-62; Canadian Press 1963 to 1967; 
Canadian Daily Newspaper Association 1963 to 1967; Cartier Gas Co. 1963; 
Westmount Life Assn. Co. 1964; The Canadian General Electric Co. 1964; 
Montreal Alouettes Football Club Inc. 1964; Terrebonne Development Co. 1965; 
University of Sherbrooke Corporation 1959; Commonwealth Press Union 
1960-67; Sherbrooke Chamber of Commerce; Vice-President: Board of Trusts 
University of Sherbrooke 1957; Board of Regents of University of Ottawa 1960- 
65; Governor, Province of Quebec Chamber of Commerce 1964; Governor, 
Sherbrooke Hospital 1960; University of Sherbrooke 1956; Vice Dean: Faculty 
of Business Administration University of Sherbrooke, from 1958 to 1964; 
President: Sherbrooke Section of the Red Cross 1954 to 1957; Ass-Commis- 
sioner—Catholic Boy Scouts (Sherbrooke) 1937-39; King’s Counsel 1948— 
Queen’s Counsel 1953; Doctor in Law—Honoris Causa, University of Sherbrooke 
1964; Commander of the Order of St. Grégoire le Grand 1958; Recipient of the 
Latin Union, Bene Merenti and French Alliance medals; Member: Club Social, 
Sherbrooke; Hillcrest; Sherbrooke Country Club; Canadian Club; Quebec Gar
rison Club; St. James’ Club, Montreal; St. George Sherbrooke; St. Denis, 
Montreal; Forest and Stream Club, Sorel; Summoned to Senate July 8, 1966. 
Party pol: Lib. Rel: Catholic. Address: 405 Victoria St., Sherbrooke, Que. and 
1115 Sherbrooke St. W., Montreal, Que.

Grosart, Hon. Allister, H. G. (Pickering). B. Dec. 13, 1906 at Dublin, Ire
land. S. of Herbert Montgomery and Elizabeth Mackey, both Irish. Ed. at China 
Island Mission Schools, Chefoo, North China, 1915-1923; Univ. of Toronto, 1923- 
1927 Politics and Law and 1928 post graduate International Law. Degrees: B.A., 
Carnegie Fellow of International Law, 1928. M. July 6, 1944 to Louise Geraldene 
dau. of Frank George Harnden of Hilton, Ont. Two children: Geraldene Francis 
and Victoria Elizabeth. Served with Irish Regiment of Can. 2nd Bttn. C.A. (R) 
with rank of Lt. to Major. Former vice-pres. McKim Advertising Ltd. Toronto 
and Montreal; former managing dir. Peer International (Canada) and former 
National Dir. P.C. Assn, of Can. Mem. of Albany (Toronto), Bonaventure (Mont
real), Rideau (Ottawa), Royal Can. Geographic Society, Can. Bibliographical 
Society, Can. Library Assn, and National Press Club (Ottawa). Summoned to 
Senate Sept. 24, 1962. Party pol. Progressive Conservative. Rel. Anglican Church 
of Can. Address: The Senate, Ottawa, Ont.

Hays, Hon. Harry William, (Calgary). B. Dec. 25, 1909 at Carstairs, Alta. 
S. of Dr. Thomas E. Hays and Ambriss Foster. Ed. at Public School, Glenmore 
and St. Mary’s H.S., Calgary. M. Feb. 28, 1934 to Muriel Alica dau. of Ernest 
Bigland of Calgary. One son: Daniel Phillip. Mayor Calgary 1959-63. Past 
pres. Can. Swine Breeders Assn, and Southern Alta. Egg and Poultry Producers. 
Former mem. Alta. Cattle Breeders Assn, and Sheep Breeders Assn. Mem- 
Calgary Golf and Country Club, Rotary past Dist. Gov. 1963, and Canadian 
Club. First elected to H. of C. g.e. 1963. Sworn of the Privy Council and apptd. 
Min. of Agric. April 22, 1963. Summoned to Senate Feb. 24, 1966. Party pol.: 
Lib. Rel.: Catholic. Address: 8944 Elbow Dr., Calgary, Alta.

Kinnear, Hon. Mary E. (Welland). B. Apr. 3, 1898 at Wainfleet, Ont. Dau. 
of Francis Manning, Fr. Can. and Mirelda Ann Carter, Engl. Can. Ed. at Port
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Colborne P.S. and Welland H.S. M. Dec. 27, 1924 to Robert Alexander (dec. 
Sept. 14, 1954) son of Louis Kinnear of Port Colborne. Past pres. Victorian 
Order of Nurses, mem. of Niagara Peninsula Christmas Seals, Red Cross Blood 
Donors, Port Colborne General Hospital Women’s Auxiliary, Business and 
Professional Women’s Club, Ont. Women’s Lib. Assn., Women’s Lib. Fed. of 
Can., Port Colborne Country Club and bon. mem. Port Colborne Club and 
Gyrette Club. Summoned to the Senate April 6, 1967. Party pol.: Lib. Rel.: 
Anglican. Address: 41 Lakeshore Rd., Port Colborne, Ont.

Lamontagne, Hon. Maurice, P.C. M.Sc. B. Sept. 7, 1917, at Mont-Joli, Que. 
S. of Alphonse Lamontagne and Sophronie Joncas. Ed. at Rimouski Seminary, 
Que.; Dominican Coll., Ottawa; Laval Univ. and Harvard Univ. M. in 1943 to 
iJeannette Morin. Three children: Hélène (Mrs. Lucien Binet), Pierre and Ber
nard. In 1943, asst, in organizing Faculty of Social Sciences at Laval Univ. and 
became Prof, of Econs.; Dir. of Dept, of Econs., 1949; apptd. Asst. Deputy Min., 
Northern Affairs and Nat. Resources, 1954. Econ. Adviser to Privy Council, 
1955; resigned in 1957 to become Prof, of Econs. at Ottawa Univ. Apptd. Econ. 
Adviser to Hon. Lester B. Pearson, then Leader of the Opposition, 1958. Asst. 
Dean of Faculty of Social Sciences at Ottawa Univ., 1961. Fellow of Royal 
Society of Can. and Fellow of Royal Society of Arts. First elected to H. of C. 
g.e. 1963. Sworn of the Privy Council and apptd. Pres, of the Queen’s P.C. 
for Canada 22 April, 1963. Apptd. Secretary of State and Registrar General of 
Canada February 3, 1964. Professor of Economics at the University of Ottawa 
since September 1967. Summoned to the Senate April 6, 1967.

Lang, Honourable Daniel Aiken, Q.C. (South York) ; Barrister and Solicitor, 
Counsel, Lang, Michener, Cranston, Farquaharson & Wright—Bank of Montreal 
Building, 50 King Street West, Toronto 1, Ontario; Chairman of the Board, 
Canada Coal Corporation Limited, President, Standard Trust Company, Mem
ber, Board of Governors, University of Toronto, Member, Board of Trustees, 
Sunnybrook Hospital; Born at Toronto, Ontari, 13 June, 1919, son of Daniel 
Webster Lang, Q.C., and the late Edna (Aiken) Lang; Educated Upper Canada 
College; Trinity College University of Toronto, Osgoode Hall Law School 1941 
(break for military service) 1945-57; Career—Reed law with Lang & Michener; 
called to the Bar of Ontario, 1947, joined law firm of Lang, Michener & Crans
ton, Toronto, with same firm to date, summoned to the Senate of Canada, 1964; 
served in Second World War with the Royal Canadian Naval Volunteer Re
serve, 1941-45, discharged with rank of Lieutenant; Liberal, Treasurer Liberal 
Party in Ontario, 1958-62, Campaign Chairman Ontario, Federal General 
Elections 1962, 1963, 1965; Councillor, Municipality of Forest Hill, 1957-61: 
Married Frances Shields, daughter of Dr. H. J. Shields and the late Cecil (Oat- 
man) Shields, 24 September 1948, has two sons, Daniel and two daughters, 
Nancy, Janet; United Church of Canada, Trustee, Bloor Street United Church 
Toronto; Knight, Order of St. Lazarus of Jerusalem; Royal Canadian Yacht 
Club, Toronto Lawyers’ (Pres. 1960-61), Badminton and Racquet, Osier Bluff 
Ski; Residence 43 Hillholm Road, Toronto 7, Ontario.

Leonard, Honourable Thomas D'Arcy. C.B.E., Q.C., B.A., LL.D. (Toronto-Rose- 
dale) Born April 29th, 1895, at Toronto, Ont. Son of Charles Joseph Leonard 
and Eleanor O’Brien, both Can. Ed. at University of Toronto and Osgoode 
Hall. Degrees: B.A., LL.D., (Toronto). Knight Comdr. of the Order of St.
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Gregory the Great. Practised law with Jones and Leonard, 1919-34, with 
Leonard and Leonard, 1934-42. Created Q.C., 1936. General Manager The 
Canada Permanent Trust Company, 1942-1956. President The Canada Perma
nent Trust Co., 1951-58; The Continental Life Insurance Company 1955-59; 
Triarch Corporation Ltd.; The Community Chest of Toronto, 1948; Last Post 
Fund for Ontario, 1954-58; Canadian Club of Toronto, 1937-38. Vice-Pres. 
Canada Permanent Mortgage Corporation. Chairman, National War Finance 
Committee for Ontario, 1943-46. Treasurer Canadian Bar Association, 1948-49. 
Lieut. 5th Bataillon C.E.F. and Pvoyal Air Force. Summoned to Senate, July 
28, 1955. Party pol.: Liberal. Rel.: Catholic. Address: 10 Meredith Crescent, 
Toronto 5, Ont.

MacKenzie, Hon. Norman Archibald MacRae, C.M.G., M.M. and Bar, Q.C., B.A., 
LL.B., LL.M., LL.D., D.C.L., D. Lilt.. D.Soc.S.. F.R.C.S. (University-Point Grey). 
B. Jan. 5, 1894 at Pugwash, N.S. S. of the Rev. James Arthur MacKenzie and 
Elizabeth MacRae both Can. Ed. at Pictou Academy, Dalhousie Univ., Har
vard, St. John’s Coll., Cambridge and Gray’s Inn, London. M. Dec. 19, 1928 
to Margaret dau. of A. W. Thomas of Toronto. Three children: Patrick Thomas, 
Susan Elizabeth (Mrs. Trevor Roote) and Sheila Janet. Pres. Emeritus and 
Hon. Professor of Internationa] Law, Univ. of B.C. Dir. Bank of N.S. Mem. 
Vancouver Comm. Canada Permanent Trust Co. Hon. Colonel. Served with 
Can. Infantry 1914-19, 6th C.M.R.’s 85th Bn. N.S. Highlanders. Mem. Univ. 
Advisory Bd., Dept, of Labour; Advisory Comm, on Univ. Trg. for Veterans, 
Dept, of Veterans’ Affairs; Trustee, Carnegie Foundation for Advancement of 
Teaching, 1951-63 (Chairman of the Board of Trustees, 1959), Teachers’ Ins. 
and Annuity Assn, of America, 1948-63; Pres. National Conf. of Can. Univ., 
1946-48, Can. Club of Toronto, 1939-40—Hon. Sec. 1930-1939; Chairman, Re
search Comm., Can. Inst, of Int. Affairs, 1929-40; Founding Mem. and Hon. 
Chairman, National Council, Can. Inst, of Int. Affairs; Del. to Inst, of Pacific 
Relations Conferences—Shanghai, 1931, Banff, 1933, Yosemite, 1936, Virginia 
Beach, 1939, Mont Tremblant, 1942, Br. Comm. Conf.—Toronto, 1933, Sydney, 
Australia, 1938, 7th Congress on Laws of Aviation, Lyons, France, 1925, Con
gresses and Meetings of Univ. of the Br. Comm.—Oxford, 1947, Bristol and 
Oxford, 1946, Durham and Cambridge, 1953, Melbourne (observer), 1955, 
London, 1963, Montreal and Toronto, 1959; Hon. Pres., National Fed. of Can. 
Univ. Students, 1946-47, 1956-57: Mem. Can. Inst, of Public Affairs, Chairman, 
1963, American Society of Int. Law, Canadian Bar Assn., Canadian Political 
Science Assn., Historical Assn., Vancouver Bd. of Trade, Vancouver Can. Club, 
Legal Survey Committee (Survey of the Legal Profession of Canada), 1949- 
57; Fellow, Royal Society for the Encouragement of Arts, Manufactures and 
Commerce, Royal Canadian Geographical Society; Visiting Lecturer, The Univ. 
of Australia, 1955; Pres., Can. Assn, for Adult Education, 1957-59 and Visiting 
Lecturer, International Law, U.N.B., Sept.-Dec., 1963. Chairman, Wartime In
formation Bd., Can., 1943-45, Reconstruction Comm., N.B., 1941-44; Mem. 
Royal Comm, on National Development in the Arts, Letters and Sciences, 1949- 
51; Chairman, Conciliation Bds. in Labour Disputes, 1937-42—1966, Victory 
Loan Comm., Fredericton and York, N.B., 1941-44, Consultative Comm, on 
Doukhobor Problems, 1950; Pres., Toronto Branch, League of Nations Society, 
1932-36; Vice-pres., National Council of Canadian Y.M.C.A.’s: Dir., Can. 
Council of Christians and Jews, Western Division; Hon. Pres., Save the Children
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Fund, Canada, B.C. Division, Canadian Mental Health Assn.; Hon. Mem., Na
tional Bd. of Dir., Can. Mental Health Assn. ; Hon. Pres., U.N. Assn, in Canada, 
Vancouver Branch; Vice-Pres., U.N. Assn, in Canada; Hon. Pres., Student 
Christian Movement, Univ. of B.C. Branch; Vice-Pres., Can. Authors’ Assn., 
National Branch, 1957; Mem., Can. Council, 1957-63; Pres., Can. National 
Comm, for UNESCO, 1957-60, 1962-63; Mem., Canadian-American Committee, 
National Planning Association, 1957-63; Pres., Vancouver Branch, English- 
Speaking Union of the Commonwealth ; Chairman, Canadian Del. to the 10th 
Annual Conf. on UNESCO, Paris, 1958; Pres., Leon and Thea Koerner Founda
tion, 1955; Dir., Bank of Nova Scotia, 1960; Mem., Vancouver Advisory Bd. of 
Canada Permanent Toronto General Trust Company, 1962, East African Comm, 
on Univ. Education, Sept, and Oct., 1962; Chairman, Mt. Allison Conf. on 
European Common Market, 1962, Priorities Committee, Community Chest and 
Council, Vancouver, 1962-64, N.S. Univ. Grants Committee, 1963; Mem., P.E.I. 
Royal Commission on Financing of Higher Education, 1963-64; Dir., Can. 
Centennial Commission, 1963; Pres., Can. Centenary Council, 1962; Dir. 
Fathers of Confederation Memorial Foundation, 1963; Mem., N.B. Industrial 
Development Board, 1965 and Chairman, C.U.F. Comm. On Int. Studies in 
Canadian Univ., 1963. Mem. Faculty Club, U.B.C., Vancouver, Vancouver Club 
and Univ. Club, Vancouver. Summoned to Senate Feb. 24, 1966. Party pol.: 
Ind. Lib. Rel. : United Church. Address: 4509 W. 4th Ave., Vancouver, B.C.

O'Leary, Hon. M. Grattan. (Carleton). Summoned to Senate September 24, 
1962. Party pol.: P.C. Address: Ottawa, Ontario.

Phillips, Hon. Dr. Orville Howard, (Prince). B. April 5, 1924 at O’Leary, 
P.E.I. S. of J. S. Phillips and Maud MacArthur, both of Can. Ed. at Prince of 
Wales College and Dalhousie Univ. Doctor of Dental Surgery. M. Aug., 1945 
to Marguerite K., dau. of Robert Woodside, of O’Leary, P.E.I. Four children: 
Brian, Betty, Robert and Patricia. Served R.C.A.F., 1942-45. Mem. Can. Legion, 
R.C.A.F. Assoc., P.E.I, Curling Assoc, Board of Trade, P.E.I., Dental Assoc. 
Board of Governors, Prince of Wales University. First elected to H. of C., g.e., 
1957. Re-elected at g.e., 1958 and June 1962. Summoned to Senate, Feb. 5, 1963. 
Party pol.: P.C. Rel.: United Church, Address: Box 155, Alberton, P.E.I. 
and 195 Grenville St., Summerside, P.E.I.

Robichaud, Hon. Hedard J., B.A., P.C., (Gloucester). B. Nov. 2, 1911, at Ship- 
pegan. S. of Jean Georges Robichaud and Amanda Boudreau, both Fr. Acadian. 
Ed. at Ste. Famille Academy, Sacred Heart Univ., Bathurst, N.B., and St. 
Joseph’s Univ. of St. Joseph, N.B. Dr. of Commerce (Hon.), Univ. N.B. M. Oct. 
25, 1937, to Gertrude, dau. of Frederic Leger, of Lower Caraquet, N.B. Nine 
children: Doris, Mona, Linda, Jean, Robert, Eric, Anne, Louise and Richard. 
Fisheries Inspector, 1938-1947. Dir. of Fisheries for N.B., 1947-52. Cand. by- 
election, May 1952 and def. First elected to H. of C. g.e. 1953. Re-elected 
g.e. 1957, 1958, 1962, 1963 and 1965. Sworn of the Privy Council and apptd. 
Min. of Fisheries, April 22, 1963. Party pol.: Lib. Rel.: Catholic. Address: 
Caraquet, N.B. Summoned to Senate, June 28, 1968.

Sullivan, Hon. Joseph Albert, M.D., C.M., (North York). B. Jan. 8, 1902, at
Toronto, Ont. S. of Edward Sullivan and Essie Taylor, both British. Ed. at 
Univ. of Toronto Schools; Univ. of Toronto, M.D., C.M., 1926; Post-graduate 
work in the University of Toronto, New York and several European Centres.
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Physician and surgeon. Honorary Surgeon to Her Majesty the Queen. Member 
Can. Jr. Hockey Championship Team 1919, Varsity Grads. Hockey Team 
(Olympic Champions 1928; Consultant in Otolaryngology to the R.C.A.F., 1942, 
Chief of Dept, of Otolaryngology, St. Michael’s Hospital, Toronto, Ont., ,1945; 
Defence Research Board, Ottawa, 1946; Chief of the Hard of Hearing Clinic & 
Auditory Research, St. Michael’s Hospital, Toronto, Ont., 1950; Mem. of Board 
of Governors, Univ. of Toronto, 1950; Chief Consultant to the Armed Forces 
of Canada (Otolaryngology), 1954; Mem. Ont. Cancer Research Foundation, 
1954. Mem. of the following Societies: Can. Medical Assoc.; Ont. Medical Assoc.; 
Academy of Medicine, Toronto; Fellow of Royal Society of Medicine, England; 
European Collegium; American Otological Society; American Academy of Oto
laryngology and Pres, of the American Otosclerosis Study Group. Fellow of 
the Royal College of Surgeons, Canada; Honorary Fellow of the Canadian 
Otolaryngological Society; 1963: President, American Otological Society; Hon
orary Fellow, Otological Section, Royal Society of Medicine. Elected to 
Honorary Fellowship of Royal Society of Medicine, England, July, 1964. 1968: 
Elected Senior Member of the Canadian Medical Association. Knight of the 
Holy Sepulchre, Knight Commander of St. Gregory with Distinction. Clubs: 
York Club, Granite Club, University Club. Rosedale Golf Club, Seigniory Club, 
Home Club and Rideau Club. Summoned to Senate, Oct. 12, 1957. Party pol.: 
P.C. Address: Toronto, Ont.

Thompson, Andrew Ernest Joseph. B.A., M.S.W., (D over court). B. December 
14, 1924 at Belfast, Ireland. S. of Jospeh Stanley and Edith Magill, 
both Irish. Ed. at Monkton Combe School, England; Oakwood Collegiate, 
Toronto; Toronto University; Queens University and University of B.C. 
Degrees: B.A. (Queens), B.S.W., M.S.W. (U. of B.C.). M. July 26, 1958 to 
Amy Rusna of Tallinn, Estonia. A social worker. Lt. (R.C.N.-V.R.), 1943-1946. 
First elected to Ont. Legis. g.e. 1959. Re-elected g.e. 1963. Resigned as Lib. 
Leader Nov. 16, 1966. Party pol.: Lib. Rel.: Protestant. Address; 1177 Bloor 
St. W., Toronto, Ont. Summoned to the Senate, April 6, 1967.

Yuzyk, Hon. Paul, B.A., M.A., Ph.D., (Fort Garry) ; B. June 24, 1913 at Pinto, 
Sask. S. of Martin Yuzyk and Katherine Chaban, both Cdn. of Ukrainian 
descent. Ed. in Saskatoon, Sask.; Bedford Rd. Coll. Coll. Inst.; Saskatoon Normal 
School and Univ. of Sask. M. July 12, 1941 to Mary dau. of John and Irene 
Bahniuk of Hafford, Sask.; Four children: Evangeline Paulette, Victoria Irene, 
Vera Catherine and Theodore Ronald. Prof, of History and Slavic Studies Univ. 
of Man. 1951-1963; Public teacher, (1933-39), High School Teacher, (1939-42); 
Served Can. Army, N.C.O., 1943; Awarded Man. Historical Society Fellowship 
of $2,500 in 1948. In Man. Historical Society held following positions: Secretary- 
Treasurer (1953-58), chairman of Ethnic Group Studies since 1952, editor of 
“Transactions” (1953-57), co-editor of “Manitoba Pageant” since 1956, Vice- 
President (1958-61), President (1961-63), and secretary of the Manitoba Record 
Society 1960-64; Associate editor of “Opinion”, Winnipeg (1948-49) ; Editorial 
Associate of “Ukrainian Directory and Year Book” (1952-56) ; Founder and 
first Sect’y-Treas. (1954-56) of the Cdn. Assn, of Slavists; Pres, of Ukrainian 
Cultural and Educational Centre since 1953; Mem. of General Curriculum 
Comm., Dept, of Education of Manitoba (1958-59), Y.W.C.A. Advisory Comm, 
on Adult Education in Winnipeg (1958-63) ; Author “The Ukrainians in 
Manitoba: A Social History” (Univ. Toronto Press, 1953) ; Co-author of
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“Ukrainian Reader” (1960), textbook prescribed for High Schools in Manitoba, 
Sask. and Alta.; Author of “Ukrainian Canadians: Their Place and Role in 
Canadian Life” (Toronto, 1967); also “Canadiens Ukrainiens: Leur Place et 
leur rôle dans la vie canadienne” (Winnipeg, 1967) ; Pres. Can. Assn. Slavists, 
1963-64; Vice-Pres. Ukrainian Can. Foundation of Taras Shevchenko since 
1964. Mem. Bd. Dir Cdn. Centenary Council. Dir. Can. Council of Christians 
and Jews (Western Region) since 1963; Social Service Audit, Inc. (Man.) 
since 1964 and Community Welfare Planning Council (Winnipeg) since 1965. 
Pres, and Dir. Higher Education Scholarship Foundation (Toronto) since 1966. 
Mem. Cdn. Del. to 18th Gen. Assem. U.N., 1963. Summoned to Senate Feb. 4, 
1963. Party pol.: P.C.; Rel.: Ukrainian Catholic. Address: 1122 Hector Bay E., 
Winnipeg 9, Manitoba.
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DIRECTORS OF RESEARCH

Paquet, Gilles, born in Quebec City in 1936, has done undergraduate work 
in philosophy and social sciences at Laval University, and graduate work in 
economics at Laval and Queen’s University under fellowships from the Quebec 
government and the Canada Council. Has lectured in economics at Carleton 
University since 1963 and is presently an associate professor at Carleton, has 
conducted research on migration movements, social security, economic develop
ment, and urban economies under grants from diverse organizations including 
the Canadian Council on Urban and Regional Research and the Central Mort
gage and Housing Corporation; has published a number of papers on these 
subjects. Has been associated with the work of the Special Committee of the 
Senate on Aging, of the Comité de Recherches sur l’Assurance-Santé (Quebec), 
and is presently a director of La Société Canadienne de Science Economique and 
the secretary-treasurer of the Canadian Economics Association.

Pocock, Philip John, born in London, Ontario, 19 February 1925. Educated 
London primary schools; Greygables School Welland, Ontario. Attended the 
University of Western Ontario; transferred to the Massachusetts Institute of 
Technology to take a B.Sc. in Aeronautical Engineering. Joined the National 
Research Council in 1946 and conducted research in the field of fluid mechanics, 
industrial aerodynamics, the aerodynamic design of aircraft and missiles. On 
leave from NRC, investigated the design of new aircraft types in the Aero 
Projects Section of the Royal Aircraft Establishment, England. While at NRC 
served for some time as Secretary of the Technical Advisory Panel of the 
National Aeronautical Research Committee and was a Canadian Co-ordinator 
for the Commonwealth Advisory Aeronautical Research Council. Was appointed 
Head, Low-Speed Aerodynamics. Laboratory in 1960. Joined EXPO ’67 in 1964 
where duties included that of Project Officer for the initial planning of the 
International Exhibition of Industrial Design and Project Officer of the Inter
national Exhibition of Photography. Principle extra-curricular activity is 
concerned with visual communication. In this field he was joint Chairman of 
an international symposium “Photography and Modern Consciousness” (1967). 
He is joint author of the book “The Autobiography of J. M. Synge” (O.U.P.).
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Thursday, September 19th, 1968.

The Special Committee of the Senate on Science Policy makes its first 
Report as follows:

Your Committee recommends that its quorum be five (5) members.

All which is respectfully submitted.

MAURICE LAMONTAGNE, 
Chairman.
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MINUTES OF PROCEEDINGS
Wednesday, October 9, 1968.

Pursuant to adjournment and notice the Special Committee on Science 
Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bourget, 
Cameron, Desruisseaux, Grosart, Kinnear, Lang, Leonard, O’Leary (Carleton), 
Robichaud, Sullivan and Yuzyk—13.

Present but not oj the Committee: The Honourable Senator McGrand—1.

In attendance: Philip Pocock, Director of Research (Physical Science).

The following witness was heard:
Maxwell Weir Mackenzie, Chairman, Royal Commission on Security; 

Member of the Economic Council of Canada.

(A curriculum vitae of the witness follows these Minutes)

At 12.10 p.m. the Committee adjourned to the call of the Chairman.

Attest.
Patrick J. Savoie, 

Clerk of the Committee.
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CURRICULUM VITAE OF THE WITNESS

Mackenzie, Maxwell Weir, C.M.G., B.Com., C.A. Mr. Mackenzie was born at 
Victoria, B.C., on June 30, 1907. He was educated at Lakefield Preparatory 
School in Lakefield, Ont.; Trinity College School, Port Hope, Ont.; and gradu
ated from McGill University, Montreal (B.Com.) in 1928. He joined the firm 
of McDonald, Currie & Co., Chartered Accountants of Montreal, and in June 
1929 he was admitted to the Society of Chartered Accountants of the Province 
of Quebec. In 1935 he became a partner of the firm. In September 1939, Mr. 
Mackenzie joined the Foreign Exchange Control Board to assist in establishing 
wartime control over financial transactions between residents of Canada and 
residents of other countries, and later he became Chairman of the Board’s 
Management Committee. Mr. Mackenzie transferred to the Wartime Prices and 
Trade Board in May 1942, and was appointed Deputy Chairman in June 1943. 
He returned to McDonald, Currie & Co. in May 1944. In the same year he was 
appointed a member of the Royal Commission on Taxation of Annuities and 
Family Corporations. In February 1945, Mr. Mackenzie was appointed Deputy 
Minister of the Department of Trade and Commerce. He appeared on the 
Honours List, July 1, 1946, receiving the C.M.G. for his wartime services. 
On August 27, 1946, he was named alternate Canadian delegate to the second 
part of the First Session of the United Nations General Assembly. He was 
appointed Deputy Minister of the Department of Defence Production, effec
tive April 1, 1951. On May 1, 1952, Mr. Mackenzie became associated with 
Celanese Corporation of America, in charge of its Canadian operations, as 
Executive Vice-President of Canadian Chemical & Cellulose Company, Ltd. 
He became President of the Company on April 21, 1954. In 1959 he became 
a Director of Celanese Corporation of America. He was subsequently Chairman 
of the Board of the two Canadian operating companies associated with Celanese 
Corporation, Chemcell Limited and Columbia Cellulose Company, Limited. He 
retired from these activities at Dec. 31, 1967. Mr. Mackenzie is a Director of the 
Canadian Imperial Bank of Commerce, CANRON Limited, The Imperial Life 
Assurance Company of Canada, RCA Victor Company, Ltd., and International 
Milling Company, Inc. He is a Governor of Carleton University and a Director 
of the Private Planning Association of Canada. In December 1963 Mr. Mackenzie 
was appointed a member of the Economic Council of Canada. On November 16, 
1966, he was appointed Chairman of the Royal Commission on Security. Mr. 
Mackenzie was married on September 12, 1931, to Jean Roger Fairbairn. They 
have two daughters and two sons.
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THE SENATE

SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE
Ottawa, Wednesday, October 9, 1968.

The Special Committee on Science Policy 
met this day at 10.00 a.m.

Senator Maurice Lamontagne (Chairman) 
in the Chair.

The Chairman: Honourable senators, this is 
the first public meeting of the Committee on 
Science Policy since it was re-constituted by 
the Senate on September 17. I am pleased 
indeed to inaugurate this new series of hear
ings by welcoming Mr. Maxwell Mackenzie, 
who was prevented from appearing before us 
last spring by the dissolution of Parliament.

Mr. Mackenzie has had a most successful 
career both in industry and in the public 
service. He is a chartered accountant by 
training. In 1939 he joined the Foreign 
Exchange Control Board, and in 1942 he 
moved to the Wartime Prices and Trade 
Board. In 1944 he went back to his firm, 
McDonald, Currie and Company, but the fol
lowing year he returned to Ottawa to serve as 
Deputy Minister of Trade and Commerce. In 
that capacity he had a long and close associa
tion with the late C.D. Howe.

In 1952 he became associated with Celanese 
Corporation of America, and in 1954 he 
became President of Canadian Chemical and 
Cellulose Company Limited.

In 1963 he was appointed—and I think I 
had something to do with this—to the Board 
of the Economic Council of Canada, and he 
became Chairman of the Council’s subcom
mittee on Industrial Research and Technology.

In 1966 Mr. Mackenzie was appointed 
Chairman of the Royal Commission on 
Security.

I take it, honorable senators, that you have 
not had an opportunity to read the brief that 
Mr. Mackenzie wants to submit to us; and, if 
my assumption is correct, I will ask him to go 
over it and then we will have the usual ques
tion period.

Mr. Maxwell Weir Mackenzie (Chairman, 
Royal Commission on Security; Member of 
the Economic Council of Canada): Thank you, 
Mr. Chairman. I was very pleased to receive 
your invitation to attend this meeting of the 
committee, and I am delighted to be here 
today.

I am not sure that I can add much to your 
deliberations on this very important topic, 
but I have had some experience with what is 
called a science-based industry, in the course 
of which I have come to hold some views that 
I think may be of interest.

As the chairman has said—I think he has 
made it abundantly clear, and I want to make 
it clear—I have no scientific or technical 
background at all. I am a chartered account
ant by profession, and I spent the war years 
here in Ottawa, and I later became the Depu
ty Minister of the Department of Trade and 
Commerce. The Canadian operation of Cela
nese Corporation, with which I was associat
ed for the last 15 years, comprised a pulp and 
lumber operation in British Columbia— 
Columbia Celulose Company Limited—and a 
chemical and synthetic fiber complex in 
Edmonton now known as Chemcell Limited. I 
retired from these activities in 1966, and com
pletely severed my connection at the end of 
1967.

I am glad the chairman mentioned the Eco
nomic Council, because the subcommittee that 
I chaired published a report in 1965 entitled: 
“A General Incentive Programme to Encour
age Research and Development in Canadian 
Industry.” I think it would be worthwhile for 
your staff to review that report, even though 
the Government did not accept its recommen
dations. I would like to draw your attention to 
the composition of the committee. There were 
four members of the Economic Council, and 
we brought in six outsiders with considerable 
experience in the practical management of 
research. The committee included the presi
dents of Imperial Oil, Noranda, Domtar, Cana
da Packers, and Canadian General Electric, as

•
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well as a past president of the National 
Research Council, all of these gentlemen act
ing, of course, as individuals, and not in their 
corporate capacities.

I have in these notes covered six points 
that I wanted to make. Whether you discuss 
them as I go through them one by one, or 
when I am finished, is completely open. I do 
not mind a bit. But, I shall start with the first 
point.

1. The Place of Research in the Innovation 
Process:

The basic objective of a science policy, and 
the reason for the Government’s interest in it, 
I assume, is to provide a stimulant to eco
nomic growth with all that such growth 
makes possible for the country. Of itself, 
research does very little to enhance economic 
growth. It is only when the results of success
ful research are actually translated into better 
products and things, or better ways of pro
ducing things, that the real benefits are felt. 
So, it seems to me that the first fundamental 
in approaching the subject is to get a per
spective of the part that research plays in the 
whole process of technological innovation or 
technological development—sometimes called 
the total innovation process—from which 
process comes the real contribution to our 
welfare.

First of all, it can be demonstrated that the 
countries of the world that show the best 
economic growth rates, by whatever form of 
measurement, are the countries that by one 
means or another direct an important effort 
into research and development. Japan is, per
haps, an exception, but it seems to me that 
Japan is so different in so many ways that I 
do not think it spoils the general argument. 
That is not to say that all one has to do is to 
devote effort to research, and something good 
is bound to come out of it, but a sound 
research effort seems to be the sine qua non 
to a satisfactory economic growth.

But, it takes much more than just a 
research effort. A recent study in the United 
States entitled “Technological Innovation—Its 
Environment and Management” published by 
the United States Department of Commerce 
in 1967, at page 9, gives the following break

down of the typical costs involved in success
ful product innovation:

Research and Development .. 5%-10%
Engineering and Design........... 10%-20%
Tooling, Manufacturing En

gineering (getting ready for
manufacturing) .....................  40%-60%

Manufacturing Start-up Ex
pense ........................................... 5%-15%

Marketing Start-up Expense .. 10%-25%

In other words, research and development as 
such comprises between 5 and 10 per cent of 
the total cost of bringing in a new product.

The study then goes on to say:
We need to bear in mind that the path 
between an invention (or idea) and the 
market place is a hazardous venture, 
replete with obstacles and substantial 
risks. It is ordinarily a very costly, time- 
consuming and difficult task that the 
innovator faces.. .

It seems to me that this must be con
tinuously borne in mind in framing a national 
scientific and research policy. If the subject is 
approached from the point of view that 
successful research is of itself the objective, 
we are likely to be disappointed in the end 
results. Presumably we in Canada are not 
putting hundreds of millions of dollars into 
our atomic research programmes just for the 
sake of increasing our basic knowledge. We 
must plan to develop something from it that 
will be of use to us in our daily lives, and, 
indeed, in our ability to trade with the rest of 
the world. I am not here talking of the origi
nal research, or its early development. But 
once the basic work is done, the further devel
opment must be toward some economically 
viable objective, and the carrying through to 
that stage is the really expensive part of the 
process. It is also the part of the process that 
most importantly calls for the setting of pri
orities—the balancing of the expected costs 
against the economic viability of the expected 
results. I shall come to the need for priorities 
in the next section of this memorandum, but 
I would like to add a further comment about 
the relationship between the early stages of 
the innovation process.

Let me draw your attention to one aspect of 
some of the regulations that have been set up 
in the past concerning assistance for industrial 
research. It is, of course, necessary to define 
what is meant by industrial research, and 
various and differing definitions are found in
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the Income Tax Act, the Dominion Bureau of 
Statistics instructions, and the regulations of 
the Department of Industry. If those defini
tions are narrowly drawn and rigidly 
enforced, as I think from time to time they 
have been, they fail, in my opinion, to accom
plish their real objective. If it were my deci
sion in administering a research assistance 
programme, I would not be concerned wheth
er a particular item of expense that might be 
eligible for government support came within 
the strict definition of the R&D element, or 
whether it overlapped a bit into the other 
phases of the innovation process. I make here 
no detailed assessment of these various defini
tions; indeed, I am not competent to do so, 
but simply issue a plea for the adoption of 
one standard definition and liberalization of 
its terms and application.

To underline this recommendation may I 
point out the difference between the R&D 
contribution to the development of the United 
States economy and to those of the European 
countries. It has, I think, been shown pretty 
conclusively that there is not the great gap in 
scientific knowledge and in R&D on either 
side of the Atlantic that is sometimes 
assumed. The gap comes from what is done 
with the results of R&D. Time and again we 
hear of British or European developments of 
tremendous importance, but more often it is 
in the United States than in, say, the United 
Kingdom that these things get translated into 
actions that make real contributions to eco
nomic growth. This committee is, I know, 
concerned with scientific policy, and not the 
whole question of economic growth, but my 
plea is that scientific policy should not take a 
narrow view of these matters if it is to 
achieve its real objectives.

2. The Need for Priorities:
The Government took a very important and 

potentially a very useful step in setting up 
the Science Council and the Science 
Secretariat. I assume that their major preoc
cupation will be the establishing of priorities 
which, because of our size and limited facili
ties, must be of the utmost importance. 
Before the creation of the Science Council 
there was no practical mechanism for co
ordinating the scientific effort of government. 
During my time in Ottawa as Deputy Minis
ter priorities were determined by the for
cefulness or otherwise of the individual 
minister concerned. A forceful minister got 
his departmental projects through and a less 
forceful one, who might have had a better 
project, often failed. It was, I think, particu

larly fortunate for Canada that Mr. Howe was 
in office when a start was made on our atomic 
activities, for he alone carried the ball at 
first.

The setting of priorities is, of course, tre
mendously difficult: First in assessing the 
claims for support from the different disci
plines, and then in the judgments that must 
be made as between the individual contenders 
for government assistance, namely, govern
mental, institutional, and industrial organiza
tion.

The importance of priorities increases, of 
course, the farther one gets away from the 
basic research field toward the applied 
research field, from the search for new 
knowledge to the translation of new knowl
edge into useful things and processes. It is in 
this latter stage that the managerial judgment 
is so important if we are to get real value 
from our research efforts. Questions must be 
asked as to the economic potential of the pro
ject if the research is in fact successful.

I do not want to revive the old controversy 
about the ill-fated Arrow programme by 
mentioning it, but it seems to me that it illus
trates what I have in mind. There were at the 
time the project was started real doubts 
about our ability to sell the aircraft to our 
NATO allies, no matter how successful the 
project might be. Without such sales, econom
ic production in Canada was impossible. Some 
of our allies could not have afforded the pur
chase and others would have found it very 
difficult, for reasons of national pride and 
other considerations, to use a first line fighter 
aircraft designed and supplied from offshore. 
These are not questions to be decided alone 
by the scientific community—but they have a 
real bearing, or should have, on our decision 
to spend or not to spend millions of dollars on 
the research effort involved.

The Science Council has not yet had time 
to really show what it is capable of doing but 
I would hope that any pronouncement of 
scientific policy that this committee may 
make will stress the need for a continuing 
body of independent government advisors 
drawn from those with established expertise 
in the field, supported by a suitable 
secretariat.

The ultimate decisions must, of course, be 
made by the government of the day, but it 
seems eminently clear that any group of 
ministers, concerned with the myriad of 
problems that are theirs, need advice from
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some detached body on matters as complicat
ed and technical as scientific policy.
3. The Need for Government Assistance to 
Industrial Research and Development:

If one accepts the desirability, and indeed 
the need for a strong R and D effort in the 
country, the question can be asked: is it 
necessary for the Government to specifically 
assist industry’s efforts? Will not the returns 
from successful R and D by industry be a 
sufficient inducement?

The basic justification to my mind for gov
ernment support is that the general social 
gains from R and D far exceed the average 
gains that are likely to accrue to the individu
al firm. This issue was very well stated by 
Harry G. Johnson in Federal Support for 
Basic Research: Some Economic Issues in 
Basic Research and National Goals, published 
by the National Academy of Sciences in 1965. 
He said:

The market will arrive at a socially 
efficient allocation of resources provided 
that the risks undertaken by and the 
prospective returns open to the private 
decision-taker coincide with the risks and 
returns to society as a whole. These con
ditions are not fulfilled for private invest
ment in research, and particularly for 
private investment in basic scientific 
research. The risk to the private investor 
in the creation of scientific and technolog
ical knowledge is greater than the risk to 
society, because the knowledge that re
sults from the research may be useful to 
someone else but not useful to him, and 
the return to the private investor is likely 
to be less than the return to society as a 
whole, because the benefits to society 
cannot be fully appropriated by charging 
for the use of the knowledge. These 
divergences of private and social risks 
and benefits are by definition greater for 
basic scientific research than for applied 
scientific research; they are also smaller 
for the large diversified research organi
zation or industrial corporation than for 
the small specialized research organiza
tion or company.
... In consequence, there is good 
theoretical reason for expecting that, left 
to itself, the market would not only tend 
to allocate too few resources to research 
in general, but would also tend to bias 
the allocation against scientific research 
as contrasted with applied scientific 
research.

He was there talking more particularly 
about basic research as against the more gen
eral type of industrial research, but the argu
ment still holds. Another writer on the 
subject, F. Machlup in The Production and 
Distribution of Knowledge in the United 
States, put out by the Princeton University 
Press in 1962 says:

The discrepancy between social and 
private benefits of R and D is due, among 
other things, to two consequences of the 
introduction of improved technologies: (1) 
The prices of the products concerned are 
usually reduced, which will benefit the 
consumer, not the innovating producer. 
(2) The new technology is adopted sooner 
or later by his competitors, which may 
help them as well as the consumer, but 
not the innovator. This does not mean 
that the investor in R and D and first 
user of the new technology will not 
benefit from his investment; it merely 
means that the benefits to society as a 
whole are not limited to the benefits 
accruing to the investor, and will often 
exceed them substantially.

This general reasoning leads me to the con
clusion that there is a good case for a general 
incentive plan to encourage industrial 
research and development apart altogether 
from any plans that may be devised to 
encourage any particular projects that are 
thought to be in the national interest.

4. The Nature of Industrial Research:
It is hard to think of any field where there 

is a greater need for the principle of decen
tralized decision-making than in industrial 
research and development. Its success rests 
entirely on individual initiative, from the 
junior research assistant to the senior 
research director of the firm. Top company 
management must, of course, set goals and 
determine general directions, but within that 
framework there must be freedom to move 
around, to innovate and to explore. Under 
these circumstances it seems to me that any 
contribution that government can make to 
stimulate the general industrial R and D 
effort should be in the nature of improving 
the general climate rather than any plan 
based on the assessment of the worthiness of 
individual projects.

In April 1965, the then Minister of Finance 
said, in introducing a plan for the general 
support of industrial R and D:

Those who wish to receive assistance 
based on larger expenditures than this—
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That was $50,000 a year—
will be able to do so by getting prior 
agreement from the Minister of Industry 
that the research and development 
proposed, if successful, would be likely to 
benefit Canada.

I come back later to the nationalistic 
implications of that statement, but I think it 
illustrates an approach that is not conducive 
to successful stimulation of our industrial R 
and D effort.

First of all, a $50,000 a year limit is pretty 
small when a young Ph.D. just out of college 
earns about $12,000 a year these days. But 
worse than that is the requirement for prior 
approval of the development proposed. With 
the best will in the world, and with the most 
competent federal government officers possi
ble being involved, how can they second 
guess the men in industry, who have equal if 
not better scientific training and whose very 
jobs depend on running a successful R and D 
effort for their companies?

This is not quite like saying that what is 
good for General Motors is good for the Unit
ed States. We are here talking about a very 
specialized field, assessing the probable 
success of a proposed research program. I 
know of no better criterion by which it 
should be judged by the government than 
whether or not some taxpayer is prepared to 
put his own money into the program and to 
take his government assistance in the form of 
income tax rebates, that is only if he is 
successful, not necessarily in that particular 
project, but in his overall efforts.

In the recommendations made by the com
mittee of the Economic Council, to which I 
referred earlier we were most specific in urg
ing that government assistance for industrial 
R and D take the form of tax allowances, 
with appropriate provisions for carry forward 
to future years of research costs made in 
unprofitable years. We disagreed with the 
plan of grants-in-aid for prior approved 
projects as a general form of incentive. Obvi
ously there is room for a system of grants for 
particular projects, but this should be supple
mental to the main incentive scheme.

It seems to me that the chance of any com
pany engaging in purely frivolous research is 
very small indeed. A great deal of research 
effort, of course, comes to a dead end and can 
by certain criteria, be regarded as wasted. 
But that is the way the game is played.

Successful research needs management 
interest and support. This means that, first, 
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the research projects must be related to the 
needs of the business; second, in order to 
recruit and retain the necessary talent the 
research projects must be scientifically chal
lenging; and, third, support funds must be 
available on a continuing basis. These objec
tives can be met most effectively, and at the 
least overall cost to the taxpayer, by business 
income tax incentives. Such incentives are 
open to all and are simple to administer. 
They can make a significant contribution to 
the cost of research but still demand a finan
cial commitment by those companies that 
elect to qualify. In other words, I believe that 
all general efforts by the Government to 
stimulate activity in this field should be by 
improving the climate, rather than addressing 
the particular projects that may be under 
way at any given point in time.
5. The International Aspects of Research 
and the International Companies:

One of the really vital developments of this 
century, thinking in terms of world trade and 
the general economic environment, is the 
growth of what are loosely described as inter
national companies and the part they play in 
world trade and economic growth. No useful 
statistics are available that I know of to mea
sure their influence, but one can make a few 
“guess-estimates”. I saw a calculation the 
other day that impressed me. If one takes the 
value of United States direct investments 
abroad, currently estimated at about $55 bil
lion, one can assume that this generates a 
sales volume of, say, double that amount, or 
$110 billion. Comparable figures for the rest 
of the free world might well bring that figure 
to $200 billion a year. That in turn compares 
with a Gross National Product for the free 
world of $1,750 billion. Out of $1,750 billion, 
$200 billion—while important—is perhaps not 
so startling a comparison but, if one projects 
those figures forward for, say, 20 years and 
assumes a 4 per cent annual growth rate for 
national GNP’s but a 10 per cent growth rate 
for the international companies—and 4 per 
cent and 10 per cent respectively are not out 
of line with recent experience—one gets to 
the point in 1987 where one-third of the free 
world’s GNP will derive from the internation
al companies. I do not want to hang too much 
argument on that arithmetic but I do think it 
illustrates that the international companies 
are beyond question a force to be reckoned 
with in any future planning.

Now, these companies are in large measure 
science-based companies—and their very size
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has been dictated, among other reasons, by 
their need to be able to support extensive 
research and development efforts. My own 
experience has proven to me that no purely 
Canadian company, that was basically operat
ing in the Canadian market, could possibly 
function effectively in the synthetic fibre field 
without access to the R and D of some much 
larger international company. Thus, we find 
in Canada, Chemcell with which I was 
associated, as part of the Celanese family. 
CIL is part of the Imperial Chemical Indus
tries family; Dupont of Canada is in the 
Dupont family; and Courtaulds of Canada in 
the Courtaulds of England family. Licensing 
and royalty arrangements are useful but are 
no substitute for direct access to continuing 
technological developments. By definition the 
licensee is never in the forefront; he is 
always a few laps behind. I suspect that what 
is true in the synthetic fibre field is true in 
many others—and whether we like it or not 
the big international companies are now a 
fact of life. They are here to stay and we 
have to learn to live with them, and hopeful
ly to develop more of our own.

This, it seems to me, has a real bearing or 
should have a real bearing on our scientific 
and research policy. It is a companion piece 
to the almost trite saying that scientific 
knowledge, like all knowledge, knows no 
national frontiers. No industrial R and D 
effort, that was worth its salt, could operate 
on the basis of solely Canadian scientific 
knowledge; it must have access to what is 
going on in other parts of the world. And this 
brings me to the point of Canadian 
nationalism in our research policy. I firmly 
believe that the Canadian Government 
approach to the encouragement of industrial 
research should be to develop a competence 
for good research in Canada rather than the 
narrow approach of looking at individual 
projects to see if they themselves “will 
benefit Canada”.

In Chemcell we had access to a tremendous 
volume of material in the R and D depart
ments of Celanese Corp. That access, how
ever, was worthless unless we had the trained 
personnel in Canada to know how to use what 
was available to us. In order to have that 
competence we had to have our own R and D 
effort in Canada—and one good enough to 
attract good people to it—which means 
among other things an opportunity for the 
scientific personnel to do original work on 
their own. In our view, the important matter 
was not whether the results of their labours

in Canada were ultimately followed through 
in Canada or elsewhere. The absolute amount 
they could produce in any event would prob
ably be small in comparison to what was 
available to us through the huge R and D 
effort of Celanese. What was of primary 
importance was to have in Canada a compe
tence to take advantage of what was available 
to us.

Let me cite a case history from my own 
experience. Celanese Corp. in its laboratories 
in the United States developed, to bench 
scale, a process for producing pentaery- 
thritol—a polyhydric alcohol made by com
bining acetaldehyde and formaldehyde. It is 
used extensively in the manufacture of many 
types of surface coatings for such applications 
as automobile finishes, refrigerators and other 
domestic appliances, paints for railway box 
cars and many types of enamels. It is also 
used in the manufacture of explosives and in 
some plasticisers.

Chemcell was given the opportunity of 
bringing this development into actual produc
tion. This meant bringing it from the bench 
scale, through the pilot plant stage and ulti
mately to the commercial production stage. A 
very substantial amount of further R and D 
work was required for this purpose, which 
we undertook at Edmonton—and eventually 
we were successful. The plant has been 
increased to some extent in size but more 
importantly by improved processes and tech
niques until it is now one of the largest, if not 
the largest, units producing this product in 
the world. We believe it is also one of the 
most efficient in the world. We got to the 
point where, apart from the Canadian market 
which is only a few million pounds a year, 
we had almost 10 per cent of the whole Unit
ed States market and sold in some 35 or 40 
other countries. Taking Canadian raw materi
als that sell for less than one cent a pound— 
and here I refer to butane and propane from 
which we made acetaldehyde and formalde
hyde—and producing a product that sells in 
export markets for over twenty-five cents a 
pound, is certainly good for the Canadian 
economy. Eventually, the demand in the Unit
ed States was such that Celanese decided to 
build its own plant in Texas, which they did 
in large measure on the basis of our R & D 
effort in Canada. In the result we have, of 
course, lost most of the United States market 
for the Canadian company; but we still have 
a 50,000,000 pound production in Canada that 
we sell in some 35 or 40 different markets. 
Here was a situation based in the early stages
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on R & D done in the United States—but then 
very largely on R & D done in Canada. The 
work done in Canada has undoubtedly 
benefited Canada, but not exclusively; it has 
also benefited the United States. But, without 
access to the original work in the United 
States first, the development just would not 
have happened in Canada.

In another field, with which I am connect
ed, RCA Victor Company Ltd. conducts a 
very substantial research and development 
effort in Canada—and, by arrangement with 
its parent, it has specialized in certain areas 
of research in Canada which complement 
rather than duplicate the research efforts of 
RCA in the United States. This means that 
the experts in these chosen fields are in Cana
da, and there is therefore a strong reason 
why the development of a new product 
should be carried out in Canada—and, 
indeed, the technical and sales service func
tion performed by Canada. This is what has 
happened with manufacturing in Canada and 
world-wide sales made from Canada of these 
particular products. Presumably, this will 
continue so long as other Canadian condi
tions, such as taxation, are not more onerous 
than in the United States. But, here again, 
the R & D effort, while centered in Canada, is 
not exclusively Canadian. There must be a 
free play between the Canadian scientists and 
their counterparts in the United States. The 
Canadian researchers need access to what has 
been done in related fields in the United 
States laboratories and, indeed, the United 
States researchers need similar access to the 
Canadian effort. While there can be some 
degree of specialization between the two, they 
cannot operate in watertight compartments.

Any attempt to “nationalize” the results of 
the Canadian effort, either by legislation or 
by regulation, can only act in one direction— 
to reduce the effectiveness of the Canadian 
research operations—with a consequent 
diminution of its contribution to our welfare.

I do not want to suggest for one moment 
that a research effort in a purely Canadian 
owned and operated company is necessarily 
inferior to a research effort tied into an inter
national company. It simply means that the 
purely Canadian company must find other 
means of getting such information as it needs 
from foreign sources, because this it must 
have.

My point is that, with the tremendous 
development of international companies and 
the huge reservoir of technical knowledge 
that they have, we defeat our own ends if in 
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our research and development policy we dis
criminate in any way against them as com
pared to purely Canadian companies.

My views, I am sure, are coloured because 
my industrial experience has been entirely 
with the Canadian subsidiary of a large Unit
ed States company. But this is the area that 
has caused concern to those in Ottawa who 
have framed our industrial research incentive 
plans, and are concerned that the results of 
research should “benefit Canada”.
6. The Concept of Centres of Excellence and 
the Brain “Drain” or “Gain”:

There is only one more small point I want 
to make, and that is that we hear a good deal 
these days about the “brain drain” and ques
tions are raised about the wisdom of spending 
large sums of public money to develop highly 
trained scientists who, when their education 
is completed, go immediately to the United 
.States.

Undoubtedly there will be some such move
ment, but it is not just in one direction. Each 
year Canada receives quite a substantial 
number of trained scientists from the United 
Kingdom, Europe and other countries, and 
the net “drain” or, possibly, “gain” is a very 
different matter from the gross figures.

However, this situation simply reflects 
another aspect of the international nature of 
the scientific endeavour; and, if we want to 
deal with it, there is in my mind only one 
basic approach that we can take.

The good scientists who go to the United 
States are attracted, I believe, not so much 
by the somewhat higher incomes they make 
but by the wider opportunities they think 
they will have in their chosen field. Probably 
more than in most other types of employ
ment, the attraction to a good scientific 
researcher of working with or under recog
nized leaders in the field is the strongest 
drawing card; and the country where the 
work is carried out is secondary. Obviously 
living and working conditions have to be 
satisfactory. Columbia Cellulose, for example, 
was unable to build up a good research 
organization at Prince Rupert, which we tried 
to do. Eventually we had to move the whole 
department to Vancouver because, with such 
a demand for good men in the pulp and paper 
field, we could not get first-class recruits to 
separate themselves from the larger centres, 
particularly those with appropriate universi
ties and other research establishments in the 
environs.
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I am persuaded, particularly by our experi
ence in Edmonton, that the concept of a cen
tre of excellence is what counts. Located in 
an area where there is a reasonably sized 
scientific community, a comparatively small 
research and development activity can be 
mounted, provided it has at its head men 
good enough to attract others and occasionally 
to bring distinguished scientists to visit, to 
lecture and, possibly, to participate in its pro
grams. It does not have to be large but, if the 
quality is there, there is not too much difficul
ty in recruiting and holding staff.

Again and again one comes back to the 
same thing: Good research needs an appropri
ate climate, and I believe that all general 
efforts by the Government to stimulate activi
ty in this field should be toward improving 
the climate, rather than addressing the par
ticular projects that may be under way at any 
given point of time.

May I sum up the six points I have tried to 
make by saying that:

1. Research is only a small part of the 
innovation process which is our real 
objective.

2. There is a most pressing need to 
develop priorities.

3. Industrial research merits a general 
incentive plan.

4. By its nature, industrial research is 
dependent on decentralized decision-mak
ing. Tax incentives provide the most 
effective scheme for encouraging such 
decentralized decision-making.

5. We should accept and not be afraid 
of the international implications of 
research.

6. Concentration on centres of excel
lence is our best defence against the 
brain drain.

The Chairman: Thank you very much Mr. 
Mackenzie. It is time now for a recess; we 
shall reconvene in ten minutes. (Short recess)

(Upon resuming)

The Chairman: May we come to order? 
Senator Grosart.

Senator Grosart: Mr. Mackenzie, this is a 
most interesting paper you have put before 
us. I tried to get a copy of the economic 
report to which you referred, in order to see 
what your committee did recommend. I am 
sorry to say that our Parliamentary Library 
does not seem to have a copy of the Report of 
the Economic Committee.

Mr. Mackenzie: I can arrange for that.

Senator Grosart: There may be one which 
somebody else has borrowed. The information 
I had was that one was not available. In any 
event, looking over your paper, Mr. Macken
zie, I realize that you are dealing largely with 
industrial research, which, as you know bet
ter than I, is not the whole field of research.

The Chairman: By the way, Senator Gro
sart, before you go on, I think it would be a 
good idea if a copy of that report could be 
circulated to all members of the committee.

Mr. Mackenzie: That can be very easily 
arranged.

Senator Grosart: Mr. Mackenzie, could you 
indicate to us to what extent the conclusions 
you have reached about the method of Gov
ernment allotment of research funds will ap
ply in the larger, sociological field, for ex
ample, to such things as research into air and 
water pollution?

Mr. Mackenzie: This, it seems to me, is the 
sort of job the Science Council should address 
itself to. These areas are particularly suitable 
for research being done in Government 
organizations, such as the National Research 
Council, the Defence Research Board and so 
on, and in universities by sponsored projects 
and by other research establishments, as dis
tinct from the fields that should be handled in 
the industrial sector.

I have the feeling that in a great many of 
these major areas, such as air pollution and 
water pollution, some of the basic work has 
to be done either in Government or, for 
example, by sponsored projects in universities 
as distinct from industrial research. On the 
other hand, there are fields in which the Gov
ernment has concerned itself that might more 
appropriately be the concern of industry. I am 
not competent to really express an opinion, 
but I believe the National Research Council 
for some time did quite extensive research into 
building materials that would be used for 
housing in the north and so on. There may be 
some special aspects of that, but a lot of the 
building material research, it seems to me, 
could be done just as well in industry as in a 
Government department.

On the other hand, if you are addressing 
yourself to such problems as the water pollu
tion in Lake Erie, some of the basic research 
has to be done by Government sponsored 
projects as distinct from industry.
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Senator Grosart: Your two main sugges
tions, it seems to me, are, one, the negative 
one that industrial research should not be 
subject to prior Government approval, that 
is, in respect of any Government assistance, 
and, two, that Government assistance should 
be in the form of tax rebates or tax incen
tives. You also discuss the definition of 
research. I wonder if you would suggest how, 
without prior approval, it will be possible for 
a Government to decide what is industrial 
research in the sense that you use the term. I 
am thinking of the very large amount of 
industrial research that has really no direct 
social values but is merely concerned with 
product switches. That is, it is not concerned 
with product innovation but with product 
switching. Is this not so? A great deal of 
research money does go into switching the 
product from “Duz” to “Zam” or “Zim” or 
whatever. How would you make a distinc
tion? If your industrial firm said that this was 
research and therefore wanted a tax incentive 
in respect of it, how would the Government 
know what was what if it was not subject to 
some kind of prior checking?

Mr. Mackenzie: Until this new approach 
came in a few years ago, we did rely on 
definitions in the Income Tax Act and regula
tions and in the Dominion Bureau of Statistics 
—definitions as to what was meant and 
what was covered and what sort of research 
would be eligible for these programs which 
were tax incentive programs. Those defini
tions were not perfect. They could have been 
improved. But I do not think it is beyond the 
scope of a good draftsman to define what the 
Government means by research. At the 
moment there is an exclusion of anything in 
the nature of market research.

Following that, perhaps your soap illustra
tion is market research as distinct from 
research to improve the product. But if a 
large soap company were to undertake a pro
ject which would make a material contribu
tion to the pollution aspect of synthetic deter
gents as distinct from soap, that would cer
tainly be worth-while. I have been told that 
detergents are a major factor in the problem 
of pollution. If there were some basic 
research that could change the chemical 
nature of detergents so that they would not 
have the present deleterious effect, clearly 
that would be a type of research that should 
be covered by an incentive program. Howev
er that is a very different matter from the 
question of market research in which you

research to see whether you can persuade a 
housewife that one product is superior to 
another.

Senator Grosart: It goes a little further than 
that, Mr. Mackenzie. It is not just a question 
of mere market research, because market 
research very easily becomes product re
search and product innovation, which is 
what you are talking about. To take another 
example, perhaps an automobile firm decides 
to spend a lot of money in research to obtain 
a better chrome for its cars. Their only pur
pose is to make the car prettier. The better 
chrome adds nothing to safety; there is no 
sociological value. In the view of the manu
facturer, all it does is make the car more 
saleable. Let us say the manufacturer came 
up with a lighter kind of chrome for his car; 
would you give any tax exemption for that 
kind of research?

Mr. Mackenzie: I would be inclined to err 
on the side of giving those incentives rather 
than not giving them, because I think the 
main function of a general industrial research 
assistance program—and by that I mean a 
deliberate program by the Government—is to 
try to encourage research and to improve the 
“climate” so that there can be a lively kind of 
research atmosphere at all times. I would be 
very liberal in the interpretation of that. I 
would not be too concerned about smaller 
details, because I think the chances of doing 
purely frivolous research are fairly small. 
The amount that would be wasted would be 
very little, I would think.

Senator Grosart: It depends, of course, on 
what you mean by frivolous.

Mr. Mackenzie: I believe most of the manu
facturers who embark on programs to spend 
a substantial amount of money do try to 
improve their products, whether merely for 
the purpose of making their products more 
desirable to the customers or in order to make 
them serve better and last longer. Most of 
that research is pretty serious minded.

Senator Grosart: Whether it is true or not, 
we also from time to time hear of deliberate 
obsolescence research. What would you do 
with this type of research in respect of tax 
incentives?

Mr. Mackenzie: Well, I do not know. This 
is a subject that I hear talked about, but I 
really have no concrete examples that I can 
point to.
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Senator Grosart: All I am trying to get at is 
how you control this if you do not have some 
prior checkup on the amount of research that 
a company is going to do, and is going to 
claim for in respect of tax exemption. It 
seems to me that there would be a very diffi
cult situation if at the end of its financial year 
a company prepares its financial statements 
on the assumption that certain items are tax 
deductible. As anybody who has had experi
ence with the Department of National Reve
nue knows, they are not easy to get along 
with. Suppose they say, “No, no”?

Mr. Mackenzie: Well, if it is written into 
the law then there lies an appeal to the courts 
on these questions. I simply believe that in 
this area decentralized decision-making is ter
ribly important, and it is undesirable to set 
up an alternative system of a group of wise 
men in Ottawa to evaluate things. I think the 
chances of loss arising from an improper use 
of such a system is a small price to pay for 
the very real stimulation you will get from a 
decentralized decision-making process.

Senator Grosart: There is one last question 
that occurs to me at this moment and it is 
with respect to this so-called nationalisn. You 
say it would be very unwise in this field of R 
and D to discriminate against what you call 
the international companies. What happens if 
the international companies discriminate 
against Canada? You mentioned, for example, 
that in the case of pentaerythritol it is quite 
possible that if the rate of taxation is not 
acceptable to the company they might pull 
out of Canada. Looking into the future, the 
proportion of the gross national product that 
the international companies will be responsi
ble for is frightening—at least, to me it is 
frightening.

Mr. Mackenzie: That is right.

Senator Grosart: It frightens me to consider 
the position that a country such as Canada 
might be in. What you are saying is that we 
must not discriminate against them, but if 
they do not like the social and political deci
sion in Canada to raise the corporate tax to 
54 per cent then they may pull out, despite 
the fact that they might have received the 
benefits of certain tax incentives. The Canadi
an public may have paid for their research, 
such as in the Edmonton case, and they can 
take it away tomorrow. Surely, there must be 
a quid pro quo here. We are not to discrimi
nate against them, but how are we to prevent 
their discriminating against us? Or, how does 
Trinidad and Tobago, or any other country,

protect itself? I ask this question because you 
made a very strong point of it. I am not being 
chauvinistic about this.

Mr. Mackenzie: No, no.

Senator Grosart: It is interesting to hear 
you say there has to be this non-nationalistic 
type of policymaking, and that we are not to 
say it is to be for the benefit of Canada. It is 
interesting to hear you say that you do not 
like this policy that it must be for the benefit 
of Canada. I do not understand that.

Mr. Mackenzie: Well, on this whole subject 
of international companies there is, I think, a 
tremendous area that needs a great deal of 
study. I believe personally that there are 
ways of going about getting some degree of 
control; of recognizing the international com
panies as a fact of life, and finding some 
form of international agreement that will con
trol their behaviour. I believe it is not beyond 
the realms of possibility. This is a very big 
international subject. It is nothing that Cana
da itself can do, but I think something can be 
done which would control, in the interests of 
the small countries, the fantastic effect that is 
going to come about by the development of 
these international companies, based largely 
in the United States, because of the extent 
that they are used as instruments of United 
States policy around the rest of the world. 
The problems that are arising between Cana
da and the United States are going to be 
repeated time and again in other countries as 
they progress in their development. We can 
see it beginning in Europe, and so on, now.

What I am really saying, I think, is that we 
ought to recognize that these international 
companies are a fact of life; that they have 
tremendous research organizations. We have 
access to all of that information, and we 
should not discriminate against them, in my 
book, as against a Canadian company in mat
ters of research.

There was a philosophy here that we had 
good Canadian companies, we had bad 
Canadian companies, and we had middle 
Canadian companies. If you were a good 
Canadian company you were owned 100 per 
cent in Canada. If you were a bad Canadian 
company you were owned 100 per cent out
side Canada. If you were a middle Canadian 
company you had a 25-50 per cent Canadian 
ownership. I think that that was a great mis
take in the whole approach to this thing, when 
you are talking of a field like industrial 
research.
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It is perfectly true, I suppose, that in the 
case of R.C.A., for instance, which is a whol
ly-owned subsidiary in Canada, the directors 
in the United States could make a decision to 
pull out of Canada entirely. But, they are not 
likely to do that because they have a very 
good and viable business here, and they make 
some money up here. So, there is no real 
reason why they should pull everything out.

The Chairman: But do you not think your 
argument would be much stronger if you 
were to say that industrial research should 
not be for the exclusive benefit of Canada? I 
refer to the illustrations you have given. You 
have mentioned cases of where Canada 
benefited.

Mr. Mackenzie: That is right.

The Chairman: I do not think the objective 
should be something for the exclusive benefit 
of Canada, but, surely, if there is no Canadi
an benefit at all in a project, or in a program 
of research, then I do not see why the Gov
ernment should spend money on it.

Mr. Mackenzie: I quite agree, but it is this 
exclusive feature. There is a suggestion that 
it has to be exclusively for Canada.

Senator Grosart: I want to make it clear 
that I agree with you entirely. There is 
importance to Canada in the research that is 
available to us not only from abroad but in 
the research facilities that such companies 
make possible in Canada, and which provide 
training for our people. I agree with you 
entirely on that. I only raise the question of 
the possible consequences of one of your 
suggestions. That is all, Mr. Chairman.

Senator O'Leary (Carleton): Mr. Mackenzie, 
getting away from the international aspect of 
the matter for the moment, I should like to 
ask you how much sharing there is in Canada 
of the results of industrial research by purely 
Canadian companies. For example, if MacMil
lan Bloedel, which is a wealthy company, can 
afford certain research, and it discovers some 
new, better, or more efficient means of pro
duction, would they share that new knowl
edge with their competitors—with the Fraser 
Company, for example? If they do not, is 
there any way of making them do so?

Mr. Mackenzie: Well, in my experience the 
pulp and paper industry which you have 
picked is one industry where there is a fan
tastic exchange of information between all 
the companies, be they American-owned or 
Canadian-owned.

The Chairman: Yes, they have joint 
research.

Mr. Mackenzie: Yes, they have a joint 
research operation, as you know, which is 
supported in large measure by the Govern
ment. But the situation is quite different from 
that which prevails in say the chemical 
industry. The pulp and paper industry will let 
people from other companies come and visit 
their mills, see their machinery in operation, 
look at their new developments, and so on. 
There is an amazing interchange of informa
tion, so I do not think there is really a prob
lem in the particular industry you have 
mentioned.

Senator O'Leary (Carleton): Will that apply 
to Alcan, International Nickel, and some of 
the other industries?

Mr. Mackenzie: I think the pulp and paper 
industry is quite different from the others— 
from the chemical industry and the mining 
industry, and so on, where there is much 
more concern about the proprietorship of new 
developments.

Senator Aird: Do you have any opinion as 
to why there is a difference?

Mr. Mackenzie: The chairman suggests it 
goes back to the thirties. It is an industry that 
went through an awful lot of trouble. Perhaps 
it is because the end product is very much 
the same; newsprint is pretty much newsprint 
when you get down to it, and pulp is pretty 
much pulp in the international market as dis
tinct from a lot of chemical products and 
more exotic minerals and things like that. I 
don’t really know.

Senator O'Leary (Carleton): Could there be 
any system devised by which government or 
the state could in some way say that industri
al research results should be shared? By this 
I mean pure research and pure science. 
Everybody knows that if a university discov
ers something it is made public and all the 
world knows about it, but in industrial 
research how do they get some uniformity of 
benefit?

Mr. Mackenzie: I don’t think they do.

Senator O’Leary (Carleton): You don’t. It 
could well be that a good Canadian company 
could be put out of business by another big
ger company having better industrial infor
mation. What could the Science Council do 
about that?
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Mr. Mackenzie: That is the way the game is 
played. That is the system we operate under.

The Chairman: I suppose the only way is 
through the licensing of patents.

Mr. Mackenzie: But that gets into the whole 
area of patents which is a complex subject.

Senator O'Leary (Carleton): If the Govern
ment of Canada is going to go in for industri
al scientific research and the result is that 
some large competitor puts another competi
tor out of business, I don’t see any results for 
Canada in that. I would not want to be a 
party to enabling some rich company to get 
even richer because of its industrial research.

Mr. Mackenzie: I don’t think the objective 
is to put some other company out of business.

Senator O'Leary (Carleton): But it happens, 
and it could happen. If the fruits of industrial 
research are merely to build up some power
ful company to make it more powerful, I 
submit that in my opinion that is not good 
enough. We should not concern ourselves 
with that.

Mr. Mackenzie: I would not use the word 
“merely”. That is not the important purpose.

Senator O'Leary (Carleton): But it could be 
one important result. Is there any way of 
guarding against that?

Mr. Mackenzie: In a competitive situation?
Senator O'Leary (Carleton): We have done 

a lot about other competition. In fact in the 
last 30 years we have done nothing else but 
try to destroy competition. Why stop there? 
This is a very important field so far as the 
nation is concerned; industrial research affects 
our export trade and world trade. Are you 
telling me that this is the way the game is 
played? If some huge firm ilke Alcan or 
International can by industrial research put 
their competitors out of business, you say 
that is O.K.? You say it is the way the game 
is played?

Mr. MacKenzie: Senator O’Leary, I don’t 
know that I said exactly that. I said there 
could be some casualties in this.

Senator O'Leary (Carleton): And we take 
no steps to protect ourselves against such 
casualties? Are there any steps we could 
take? I don’t believe there are.

Mr. Mackenzie: I don’t know of any I 
would recommend. There are certain built-m 
provisions in the laws to try to deal with the

situation. But your approach presupposes that 
the objective of these large companies is to 
put little people out of business. This is not 
the objective.

Senator O'Leary (Carleton): But they might 
be big people. They might try to put Con
solidated Paper or Fraser out of business or 
put them in the position where they wished 
to God they were not in business.

Senator Grosart: You say industrial 
research is a function of big business. I would 
say that perhaps this is the point Senator 
O’Leary is making, that if we are going to 
put public money into creating a bigness, and 
tax incentives involve public money, that can 
be deleterious to other citizens or companies, 
legal citizens, isn’t there some way or some 
means of dealing with this? If a decision is 
made to go ahead with any particular kind of 
industrial research and claim public payment 
for it, which is what a tax incentive scheme 
is, isn’t there a great danger here?

Mr. MacKenzie: It seems to me it is not a 
question of whether we like it or whether we 
do not like it. The facts of life are that the 
major research efforts in this day and age are 
likely to be undertaken by the larger compa
nies. One obviously does not want to do any
thing to prevent a smaller company growing 
to the point where it can play in that league, 
but I think you will have to admit that the 
bulk of this major industrial research effort is 
by larger companies. It is not a question of 
whether they are Canadian or American com
panies, and if you accept that, then it seems 
to me the system ought to be to encourage 
these companies to do it by a tax incentive 
program that is open to everybody.

Senator Grosart: But is it open to every
body? First of all you have to find the capital, 
and big companies have the capital. This may 
not be the case with small companies.

Mr. Mackenzie: Well, everybody that is 
qualified to get in and play in that league.

Senator Grosart: But is there not a big 
difference between that and the situation in 
the United States where, for example, under 
NASA they say to a small company “Here is 
the money to do some particular research.” 
The big companies already have the capital 
which they can spend and then claim. There 
must be many small companies who cannot 
do this, and this is my concern.

Mr. Mackenzie: Let me make it clear that I 
am talking here about one part of the Gov-
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ernment’s program which can stimulate 
research. One thing they do, and it is expen
sive to do it, is to maintain for themselves 
extensive research facilities like the National 
Research Council and the other research 
activities that go on in government. Another 
aspect of it is contributions to universities, 
hospitals, medical research and all the rest of 
it. There is also sponsored specific project 
research. The Defence Research Board may 
come up with some idea that they want a 
particular company to develop for them. It is 
not a question of size but the question of the 
individuals concerned and their ability. But 
apart altogether from these aspects I say 
there should be a general incentive scheme 
for general industry, not to the exclusion of 
these other things but in addition to these 
other things, and the general approach that I 
would recommend would be a tax deduction 
approach as opposed to a system of approval 
of individual projects.

Senator Grosart: Do I understand you are 
not recommending this tax incentive as the 
whole Government policy in respect of indus
trial reearch?

Mr. Mackenzie: No, surely not. This is one 
aspect of it.

The Chairman: Do you think it will be 
possible also to further encourabe co-opera
tive effort in industrial research in smaller 
companies or smaller firms?

Mr. Mackenzie: I do not know about this, I 
am not at all sure such plans will work. 
There are certain areas in which it is abun
dantly clear that the research has to be done 
in a centralized place. Agriculture is a very 
good example. You cannot expect an individu
al farmer to set up a research establishment; 
that can be done only by some organization. 
The same applies in fisheries and so on. 
However, when you get to industrial 
research, pulp and paper seems to be able to 
do this but whether it is practical in any 
other industries I am not at all sure. I have 
yet to be satisfied on that score. I do not 
think so.

Senator Aird: One of the problems we have 
discussed at previous meetings is the difficul
ty in taking inventory in the ever-changing 
technological scene. Presuming the validity of 
your point that the Government should have 
no control over the inception of R and D, for 
instance in Chemcell, do you think there 
comes a point when there should be a sharing

of this? Previously I asked why the paper 
industry was related to the chemical industry. 
I think there are many self-evident answers, 
which you have now given. From the Canadi
an point of view a multiplicity of products is 
emerging. It seems that in the chemical 
industry there are overtones of other kinds 
of facets and usages; certainly arms, ammuni
tion, emanate from the chemical industry.

Given that background and our problem of 
inventory-—I hesitate to use the word “con
trol” because I am not sure that is what the 
Government is looking for, but perhaps direc
tion; the Government is addressing itself to 
the problem of direction—do you not think 
that at some stage, even for a company such 
as Chemcell, there gets to be a sharing, a 
disclosure, so that people can know and make 
up their minds, so that in effect the Govern
ment can make up its mind about the priori
ties you discuss in your brief?

Mr. Mackenzie: I quite agree. Chemcell, for 
instance, at one time had three or four 
individual projects which had been approved 
by the National Research Council, of which 
the Government was sharing about half the 
cost. They were projects we dreamed up, if 
you like, which went to the National Research 
Council who felt they were useful and were 
prepared to go along with them. That is a 
highly desirable part of this program. I am 
saying I do not think the whole of govern
ment encouragement for industrial research 
should be based on that approach, where you 
need individual approval of the individual 
projects. I think that over and above that you 
need this general incentive which we had 
until a few years ago.

Senator Aird: I am presuming the validity 
of your argument and that at its inception 
your R and D should go forward, because I 
happen to agree that there are not too many 
frivolous research enterprises undertaken by 
industry generally. However, there gets to be 
a stage—and I think this is the centre of our 
problem—of deciding what can be done to 
effect this common knowledge with the prior
ity that we are seeking. This follows on Sena
tor O’Leary’s (Carleton) line of questioning. It 
seems to me that we do get to that stage.

Senator O'Leary (Carleton): Would there be 
a solution in the company reporting its 
findings to the National Research Council?
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Mr. Mackenzie: On projects which are 
specifically approved obviously they report 
their findings to the National Research 
Council.

Senator O'Leary (Carleion): But are they 
compelled to report, or should they conceal?

Mr. Mackenzie: I do not think so. Frankly, 
I am not equipped to answer that in detail. I 
believe the results of that research accrue to 
the company itself, but I think the knowledge 
of it goes to the National Research Council.

Senator Bourget: Could it be spread around 
after that, or should it just be given to the 
company?

Mr. Mackenzie: I think you would have to 
ask somebody from the National Research 
Council how that system works. I am not up 
to date on this now and am not competent to 
answer. It was my understanding that if 
something patentable came out of this 
research Chemcell would in fact own the pat
ent. Once you get a patent on something it is 
still available to other people, but they have 
to pay for it. I would suggest that you get the 
details of that plan from the National 
Research Council because I am not sufficient
ly well informed on it.

Senator Yuzyk: Do any aspects of industrial 
research come under security regulations? I 
take advantage of the fact that you are chair
man of the Royal Commission on Security. I 
understand that in the very near future the 
report will be tabled in Parliament. Is there 
anything in the report about science policy in 
connection with security?

Mr. Mackenzie: I do not think I can here 
discuss what is in the report. The report has 
not yet been tabled.

Senator Yuzyk: I am asking in just a gener
al way. Does it deal with science policy at 
all? We will get the report when it is tabled.

The Chairman: But we do not have it.

Mr. Mackenzie: We do not have it at the 
moment.

Senator Robichaud: At one stage of your 
argument you say that we should accept and 
not be afraid of the international implications 
of research. I cannot agree with you more on 
this conclusion. Would you also be in favour 
of the exchange of scientific data with foreign 
countries, and even go further in certain 
fields and favour the exchange of scientists?

For example, foreign scientists would come 
over to this country for a certain term, while 
some of our scientists would go to other coun
tries in order to become more familiar with 
the international aspects.

Mr. Mackenzie: This is one of the benefits 
that comes from these international associa
tions. Reverting to my own experience in 
Chemcell, I remember that we had on our 
staff a very able man, who incidentally had 
worked in Ottawa in the research field for 
some time, who went to the United States for 
a period of three years and worked full time 
in their research organization, where he dis
tinguished himself. He came back here and 
headed up our whole research business. He 
was a very much better man for having had 
three years’ experience in the United States 
laboratories. This interchange is possible and 
is one of the great advantages which comes 
from these close relationships. I am not sug
gesting these are the only things that make 
this country tick, but I say that when the 
opportunity is available to us we miss the 
boat if we do not encourage them.

Senator Robichaud: Would such an ex
change not also be financially desirable in, 
for example, fisheries, in research on species 
like herring? I know that in Canada we are 
far behind, we are not as advanced as other 
countries in this field. The U.S.S.R. are well 
advanced in herring research and if we could 
benefit by getting their data and knowledge it 
would certainly be beneficial to our industry.

Mr. Mackenzie: There is no question about 
that.

Senator Robichaud: I do not think our Gov
ernment is in a financial position to obtain 
the know-how to get as far advanced as the 
U.S.S.R. is in this field; it would take years of 
research to get to that point.

Mr. Mackenzie: I think my main point is 
that, if one can get in Canada a climate that 
is conducive to stimulation of research in all 
of these areas or phases, individuals will then 
come bubbling up with ideas and they will 
pick up information from international 
sources around the world and you have a 
much more lively industrial activity.

The Chairman: Is there a similar scheme of 
tax incentive in the United States for indus
trial research?

Mr. Mackenzie: I do not think so but we 
had it in the Income Tax Act for a long time
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and it seemed to me that this was a better 
based scheme than the present one of grants 
in aid.

Senator Lang: If we revert to the general 
tax incentive that we had in the Income Tax 
Act a few years ago and with the proviso that 
any company claiming those deductions could 
not patent the results of the research done, 
what effect would that have on companies 
taking advantage of that setup?

Mr. Mackenzie: I think it would kill them.

Senator Bourget: From the example you 
have given us, when you took over the 
research, the preliminary research made in 
the United States, did you act to bring in 
researchers from the United States to Canada 
to help develop this project?

Mr. Mackenzie: No. It was done very large
ly by people already on our staff. I do not 
mean that there was not an exchange 
between people, but the group we had in 
Edmonton was recruited—I cannot think of 
anybody who was not a Canadian.

Senator Bourget: Did you find it difficult to 
get good trained men for research?

Mr. Mackenzie: It is difficult but it is possi
ble. We were very fortunate because we got 
off on a very good foot. When Dr. C. J. Mac
kenzie retired as chairman of the National 
Research Council, I persuaded him to join 
Chemcell and his mere presence there attract
ed a lot of good people to it. This is what 
attracts good research people—to be working 
with people who are knowledgeable in this 
field. He had retired from the Research Coun
cil activities but he then devoted a lot of time 
to building up our little research organization 
in Edmonton. It was small but very very 
good.

Senator Bourget: Did you send them to the 
United States or somewhere else to get better 
trained?

Mr. Mackenzie: We did not send them to 
universities. There was a continual inter
change in the research establishments of the 
same nature in the United States, people 
going backwards and forwards all the time, 
exchanging notes. But these were all qualified 
people who had Ph.D.’s and so on: they were 
not people going back to university.

Senator O'Leary (Carleton): Do American 
companies as a rule supply scientific informa

tion to subsidiaries in Canada? Is this the 
rule or are there exceptions?

Mr. Mackenzie: I suppose there are excep
tions but certainly in my experience a great 
many companies have this access to the 
research of their parent company.

Senator O'Leary (Carleton): If they became 
competitors of the parent company in world 
markets, would that rule still apply?

Mr. Mackenzie: What they do with the prod
uct is probably a different field, but on the 
question as to whether they have access to 
the information, I would say most of them 
have access to the information.

Senator Grosart: In the Edmonton case, you 
told us that the parent company or the inter
national company took over the American 
market, for obvious and understandable rea
sons. What is the position about the 30 or 40 
other markets that you mentioned? Are they 
not likely to say that the American branch or 
the American plant will take over, if condi
tions are favourable to those 30 or 40 mar
kets, from the Edmonton plant? Is this so?

Mr. Mackenzie: I suppose these things 
could happen. I do not think they are likely 
to happen, because there is a very substantial 
investment in this plant in Edmonton and it 
is in everyone’s interest to keep it viable and 
profitable. It would not make any sense if the 
parent company took all this business away. 
Chemeill has Canadian shareholders as well, 
it is not 100 per cent American owned. We 
lost the American business because the parent 
decided to put in their own plant. If they had 
not, someone else would have done so.

Senator Bourget: Are you producing the 
same product at a cheaper price than is the 
United States?

Mr. Mackenzie: I do not know if it is 
cheaper but there is a tariff in the United 
States, a tariff of 12 per cent I think. We still 
have these worldwide sales to 35 or 40 coun
tries and we have every reason to suppose 
that they will continue, based on the 
economics of the situation.

Senator Grosart: What troubled some of us 
is that it seemed obvious that the decision 
will be made in relation to the interests of the 
international companies as such rather than 
in the interests of Canada.

Mr. Mackenzie: This is an ever present 
worry but it is something that comes with the
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existence of international companies. I think 
it is one of the prices you pay for having the 
international companies operating here. I do 
not think it is too big a price to pay, I think 
we fare well, very well, but one cannot deny 
that this is a hazard.

Senator Grosart: As you say, we have to 
accept the facts of life—and on balance you 
would say that Canada has benefitted rather 
than otherwise?

Mr. Mackenzie: I do not think there is any 
question about that. I am hopeful we can 
develop some international companies. Right 
now we have some. We have Massey-Harris 
as a case in point, where the control is in 
Canada but the operation is spread around 
the world. There is also MacMillan, Bloedel, 
which is getting to be an international compa
ny. There is hope we might build up more 
ourselves. International companie are a fact 
of life and there is nothing we can do to 
change that.

Senator Grosart: It is suggested that one of 
the things this committee should do is to 
make a recommendation to the Government 
as to the total amount of money that the 
Government should be putting into R and D 
perhaps in terms of percentage of GNP. Do 
you think that makes sense, to make a set 
recommendation, or that the Government 
should adopt a policy of a minimum amount 
that it would put into R and D; and, if so, 
how could this be controlled under your 
proposal of tax allowance.

Mr. Mackenzie: I do not know how it could 
be controlled, because basically what I am 
suggesting as far as industrial R and D is 
concerned, is to rely on the individual deci
sions of individual companies. In that sense, 
you have not got control. The absolute 
amounts involved would probably be rela
tively small in relation to the total amount of 
the Government’s effort in R and D, because 
this is only one aspect of it. I would think the 
bigger it gets, the better. I would like it 
because it is all coming out of profits. What I 
am talking about is not a commitment, you do 
not have to pay out money: it is a question of 
percentage of taxable profits which you take 
in the future.

Senator Aird: I wonder if you are familiar 
with the excellent article by Joan Fraser, 
which appeared in the Financial Times on 
Monday last. It ends up by posing a question 
or making a proposition, that the choice may

be that Canada should set up in effect a 
Ministry of Science and Technology or that 
under the Science Council it could go forward 
to co-ordinating other industries. I wonder if 
you would have an opinion between the two 
choices?

Mr. Mackenzie: I do not know if my opin
ion is worth very much.

Senator Aird: Speaking from your back
ground, sir, and from a competitive point of 
view, as one having been in business and who 
has been faced with the problems on an 
every-day basis, which do you think might be 
more compatible or more desirable?

Mr. Mackenzie: I would much sooner see 
this co-ordinated, that is, the government get
ting advice through the science council rather 
than through a minister of science and tech
nology. Personally I think we have enough 
ministers and departments.

The Chairman: That might be.

Senator Grosart: In the first paragraph on 
page 7 of your submission, Mr. Mackenzie, 
you make a suggestion that a body of 
independent government advisers be drawn 
from those with established expertise in the 
field, supported by a suitable secretariat. Is 
this a suggestion for something in addition to 
the science council and science secretariat?

Mr. Mackenzie: Oh, no, this is the science 
council and science secretariat. The science 
council is comprised of people from industry, 
universities, and the public service who have 
a knowledge of the subjects. They are not all 
civil servants. The whole concept was based 
on recommendations by C. J. Mackenzie 
originally.

Senator Grosart: Do you prefer the Ameri
can rather than the European system?

Mr. Mackenzie: I find it difficult to see 
there is a job for a minister of science and 
technology, because his duties would cut 
across responsibilities of many other 
ministers.

Senator Grosart: Britain has one as well as, 
most European countries.

Mr. Mackenzie: Yes, I know they have, but 
I find it difficult to see how they do it. There 
is inevitable conflict between the ministers 
who have the responsibility for these operat
ing divisions.
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Senator O'Leary (Carleton): Would it not be 
a good idea to have a minister in the House if 
only on Sundays to answer questions? By the 
way, what has happened to our science coun
cil? I saw one report which consisted only of 
their names and their pious hopes and aspira
tions. Has there been a second report?

Mr. Mackenzie: I think I said the science 
council has not had time to show what they 
can do. I am in favour of there being such a 
body.

Senator O'Leary (Carleton): So am I.

Senator Cameron: In your experience with 
Chemcell and other related activities, have 
you found any problem caused by the inter
pretation or by the taxation division as to 
how they would treat new products and new 
processes. I have a specific case in mind. A 
group of young Canadian engineers in the 
computing field developed a means of carry
ing out geophysical studies and this is revolu
tionizing the geophysical exploration work 
up north. The taxation division came along 
and said to these men, “look, we are going to 
tax the product of your data processing 
machine”. This would mean applying about a 
12£ per cent tax on the product, that came 
out of the machine, about the difference 
between a profit and no profit. Recognizing 
that American companies have their own 
resources in various parts of the United 
States, such as Houston, Dallas and one in 
Oregon that could have put this young 
Canadian company out of business, I asked 
these people in the Sales Tax Division on 
what basis they arrived at the right to tax. I 
was told it was based on section 1 in the act of 
1954 before any computing equipment was in 
being.

I wonder if this same principle has extended 
to other cases and other products. If so it 
underlines the fact that there is a need to 
up-date a lot of our legislation in government 
departments in terms of new technology.

Mr. Mackenzie: I think there have been 
many difficulties with these definitions. There 
was considerable controversy over the ques
tion of what was a new product and whether 
it was new to the company or its manage
ment; alternatively, was it something com
pletely new in the sense that nobody had ever 
seen it before? There are many arguments 
similar to this. We went into this at some

length in the report of the Economic Council 
on the definition and came up with recom
mendations—I think it was the D.B.S. defini
tion that was the most appropriate, with some 
minor amendments. There have undoubtedly 
been problems in interpretation.

Senator Grosart: I watch television and 
read the ads, and I think everybody in bus
iness claims everything is new.

Senator Cameron: This could have a very 
serious effect on Canadian companies. It may 
be that in Canada the consumer has a choice 
to bring in products from the United States 
until such time as we develop this new 
industry ourselves; however, it could be com
pletely inhibited by the interpretation of the 
taxation division.

Mr. Mackenzie: The definition is very 
important but I maintain it should be a 
definition rather than a series of administra
tive judgments.

Senator Cameron: We get a lot of adminis
trative judgments in this country.

The Chairman: It seems to me that you 
would still have administrative judgments in 
the interpretation of the definition, even sup
posing that the definition is perfect.

Mr. Mackenzie: That is right, but then you 
have the system of contesting interpretations 
in the courts.

Senator O'Leary (Carleton): Do you wish a 
guide for your conscience?

The Chairman: I suppose that you also 
could have consultation before you start for 
protection to see whether or not you are eleg- 
ible in dubious cases.

Mr. Mackenzie: This happens now in res
pect to income tax problems where people 
can discuss their problems with income tax 
officials. They cannot receive a definite ruling, 
but they can get an idea as to whether they 
are on the right track.

The Chairman: Are there any further ques
tions? On behalf of the committee, sir, I want 
to thank you very much for this most 
interesting presentation and discussion.

Mr. Mackenzie: Thank you very much.
The committee adjourned.
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ORDERS OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday 
September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the 
light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the 
Federal Government in the fields of physical, life and human 
sciences;

(c) federal assistance to research and development activities carried 
out by individuals, universities, industry and other groups in 
the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements and 
the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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Extract from the Minutes of the Proceedings of the Senate, Thursday, Sep
tember 19th, 1968:

“With leave of the Senate,

The Honourable Senator Lamontagne, P.C., moved, seconded by the 
Honourable Senator Benidickson, P.C.:

That the name of the Honourable Senator Robichaud be substituted 
for that of the Honourable Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—

Resolved in the affirmative.”

ROBERT FORTIER, 
Clerk of the Senate.

iu.: "d ;

-rvcr'j ' 

0.1 '

lO'M.V

,b-ii A. -• •
Vi ":

2—4



MINUTES OF PROCEEDINGS

Wednesday, October 9th, 1968.

Pursuant to adjournment and notice the Special Committee on Science 
Policy met this day at 3.30 p.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Belisle, 
Bourget, Cameron, Desruisseaux, Grosart, Kinnear, Lang, O’Leary (Carleton), 
Robichaud, Sullivan and Yuzyk—(13).

In attendance: Philip Pocock, Director of Research (Physical Science). 
Gilles Paquet, Director of Research (Human Science).

The following witness was heard:
Dr. Jacques Spaey, Secretary General of the Conseil national de la poli
tique scientifique of Belgium and Chairman of the Commission intermi
nistérielle de la politique scientifique.

(A curriculum vitae of the witness follows these Minutes)

At 5.20 p.m. the Committee adjourned to the call of the Chairman. 

ATTEST:
Patrick J. Savoie,

Clerk of the Committee.

2—5



CURRICULUM VITAE
Spaey, Jacques. B. December 23, 1908 in Ghent. Nationality: Belgian. 

Marital status: married, 6 children. Residing at: 16, avenue Alphonse XIII, 
Uccle, Brussels 18, tel. 740217. DEGREE: Doctor of Medicine, University of 
Ghent 1933. KNOWLEDGE OF LANGUAGES: spoken and written languages, 
French, Flemish; spoken language, English; language understood, German. 
POSITIONS HELD: Foreign assistant at the University of Paris 1933-34. 
Assistant at the University of Ghent 1934. Chief of service at the Etterbeek 
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THE SENATE

SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE

Ottawa, Wednesday, October 9, 1968

The Special Committee of the Senate on 
Science Policy met this day at 3.30 p.m.

[Translation]
The Chairman: Honourable Senators, this 

afternoon we have the honour and very great 
pleasure of meeting Dr. Jacques Spaey who 
generously agreed to come to speak to us 
today on science policy.

Dr. Spaey, a medical doctor by profession, 
has devoted his life, particularly since 1947, 
to the Public Service of his country. I do not 
intend to describe to you all the details of his 
life, as his biography will appear in the pro
ceedings. However, I would like to mention 
that he is presently the Secretary General of 
the National Scientific Policy Council of Bel
gium and also the Chairman of the Inter
departmental Scientific Policy Committee.

[English]
Thus, Dr. Spaey is really at the centre of 

the scientific effort of his country. I am sure 
he will want to speak to us about that effort. 
This, of course, will be most useful to us, 
because we in Canada have similar problems 
to face, not only in the field of science policy 
but also in other fields.

I assume that Dr. Spaey will make part of 
his presentation in French, but I understand 
that he is at least trilingual, so that he will be 
able to handle any question that you may 
want to put to him.

Dr. Jacques Spaey, Secretary General, 
National Scientific Policy Council; Chairman, 
Interdepartmental Scientific Policy Commit
tee, Brussels, Belgium: Mr. Chairman, my 
English is too poor to explain such difficult 
questions as those with regard to science poli
cy and science generally.

So I ask your permission to explain it in 
French, and I will begin with some general 
ideas about science policy; and after that I 
should like to hear your questions on these 
problems and give you answers.

[Translation]
Mr. Chairman, scientific policy is a rather 

recent notion and probably an equivocal one 
at that because it is so recent. We may won
der, when we speak of scientific policy or 
“science policy,” whether we mean a policy 
for science or indeed a policy for organizing 
science so as to attain a certain number of 
economic and social objectives.

However, although this question has not 
been resolved in theory, we may state that in 
fact—and this was clearly shown in the 
recent O.E.C.D. report in Paris—science has 
assumed an increasingly important place in 
the development of societies generally and of 
highly advanced societies in particular.

This results from the fact that following the 
American lead, our industrialized societies 
entered into a phase of development through 
innovation: innovation in industrial produc
tion; innovation in the management of public 
and private organization, and the use of revo
lutionary new methods in all fields of human 
activity.

Innovation stems from science, particularly 
scientific research, which itself is at the ori
gin of new methods and new concepts which 
are taught today and will be taught tomor
row in the universities.

A major difficulty arises from this develop
ment. Men of science, while perfectly aware 
of the importance of their own activities, are 
not always conscious of the actual importance 
these activities assume in society and above 
all, of the significance of science in the pres
ent world.
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This is a prevailing phenomenon, and I feel 
it would be useless to argue the point. 
Progress in development, particularly its in
fluence in American society, can be explained 
by no other fact than the opportunity this 
society has of putting to use scientific innova
tion. It is not that Americans are much more 
intelligent than other people, but that they 
have the means and are in a position to make 
greater, quicker and better use of all ele
ments of the second industrial revolution. 
The first consisted of developing natural 
resources; the second consists, above all, of 
developing our grey matter. This is the phe
nomenon with which we are concerned.

The second reason why a scientific policy 
has appeared in industrialized countries is 
that public funds devoted to higher education 
and research have rapidly increased during 
the past ten years. In my country, the public 
budget for higher education and research has 
increased five-fold since 1960. This remarka
bly rapid increase in scientific budgets has 
worried finance ministers; and everyone is 
aware that when the Minister of Finance or 
the Minister of the Budget is worried, the 
government is worried.

A government’s first thought in the face of 
such developments is to consider whether the 
rate of expenditures cannot be reduced. 
However, if government officials in this par
ticular field emphasize that it is no doubt 
possible to put these growing expenditures to 
better use, then we are dealing with a con
cept more accessible to politicians and govern
ments, namely: if a certain development 
cannot be prevented, it must be at least 
guided in the right direction. This is the con
crete and more immediately political aspect 
of scientific policy which must be empha
sized. It is for all these reasons that political 
science institutes have appeared in the ma
jority of the industrialized countries over the 
past ten years, institutes whose purpose is to 
organize the development of science in order 
to attain a certain of national objectives 
which the Americans call “national goals”. 
This poses difficult questions for all govern
ments.

The first difficulty resides in the psychology 
of the scientific community which traditional
ly considers that science cannot be dominated 
or influenced by probable results. We all 
know that it is a sort of rule in the scientific

world to consider that the great merit of 
science is that it is “free”. However, we can
not help but note that progress in the sciences 
over the past twenty years has been largely 
influenced by a parallel progress in technolo
gy and that, in reality, we are in a world in 
which every human endeavour influences and 
enriches another.

It has often been proven that from the 
needs of technology, the most important fun
damental discoveries have been made. The 
reverse is equally true. In any case, whether 
we want it or not, science is to some extent 
caught up in history. It is caught up in a 
human adventure, and it must be impressed 
again and again upon men of science that 
their requirements for development are so 
great and so costly that they can only be 
obtained to the extent that there is a rapid 
increase in the national product, and that the 
national product can increase rapidly only to 
the extent that science assists in its growth. 
Consequently, it is through a mutual enrich
ment of science on the one hand and organi
zation on the other that both may succeed.

However, on the side of the government or 
parliament, this mutual co-operation poses 
difficulties because the administrative struc
ture of our states is not often adapted to 
coping with this particular problem. In the 
field of scientific policy, it is not merely a 
question of efficiently handling the files but of 
drawing up logical forecasts and attempting 
to determine goals for our modern societies to 
be attained within ten or fifteen years, and to 
assess to what extent these objectives may be 
reached through scientific activity and tech
nological development. It is a particularly 
difficult type of problem which calls for 
methods far beyond the present methods used 
by our administrations; it calls for the estab
lishment of special organizations to handle 
these problems.

But should these organizations be entrusted 
to men of science or to managers? My reply 
would be that we must avoid cut-and-dried 
solutions. Probably managers alone could not 
effectively handle difficult questions, and men 
of science alone would be equally inept at 
arriving at completely satisfactory solutions, 
just as military problems are not always per
fectly solved by military men themselves but 
within a wider political framework.
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How can we reconcile these two difficulties; 
how can we solve this problem? I feel I 
should point out that there are several possi
ble methods, but none of them is perfect, and 
each country must find it own. Having 
enjoyed your hospitality which has been both 
very cordial and most frank—and it is 
extremely rare to meet both men of politics 
and civil servants with whom one feels one 
can talk directly and frankly—having seen 
and heard what I have in Canada, I would 
say that you have made very great efforts in 
the field of science and that you are well on 
the way to settling this problem, or at least to 
dealing with it in an efficient manner.

Allow me to say once again that we cannot 
look for cut-and-dried solutions in the area of 
policy and organization. We must be content 
with organizational planning for the next ten 
years, and even that is ambitous. We will 
then have to make adaptations, since the 
world is advancing so fast that we cannot 
establish a definitive organization such as the 
nineteenth century believed possible.

Mr. Chairman, after these few words of 
introduction, perhaps we could, with your 
permission and in answer to questions by 
honourable senators, go into more concrete 
details.

The Chairman: Before beginning the dis
cussion period, Dr. Spaey, might I ask you to 
give us a brief description of the organization 
and structure of science policy in Belgium at 
the present time?

Dr. Spaey: To give a schematic view, we 
may say that Belgium has gone through three 
stages.

The first period existed before 1960, when, 
like most other countries, we had bodies 
which financed research in universities, in 
industry and in research centres. There was 
no actual science policy, in that the govern
ment had no means and no organization to 
take decisions or to make choices. In 1958, I 
believe, a Royal Commission was set up to 
study this problem. I do not know the reasons 
which lay behind the decision to set up this 
commission, but I expect it was prompted by 
both necessity and current trends.

As I have already said, all governments are 
sensitive to increases in expenditures; they 
feel troubled by such a phenomenon and they 
follow the example of neighbouring countries.

If I remember correctly, the Royal Com
mission made about twenty recommendations 
to the government. This commission was

made up of representatives from universities, 
from industry, and from social and economic 
sectors. Among its recommendations, it sug
gested the establishment of a national council 
of higher education for research. In actual 
fact—and this is a Belgian characteristic— 
science policy encompasses higher education 
as well as research, and basic research as 
well as applied research. In accordance with 
this recommendation, the government formed 
the Conseil national de la politique scien
tifique—the National Scientific Policy Coun
cil.

The main purpose of the minister who 
made this suggestion to the government was 
to form a council, on the one hand, and a 
service to administer science policy, on the 
other. This service would be required to set 
up a secretariat for the council. I believe that 
this is more or less the situation you have 
here, if I have been correctly informed.

Due to political circumstances, a com
promise had to be made and this resulted in a 
council and a secretariat, whose secretary 
general was appointed by the cabinet. This 
body began its work under very difficult con
ditions, since the government in power at the 
time felt that it had completed its duty once 
it had formed the National Scientific Policy 
Council.

This Council was made up of scientists and 
also of representatives from social and eco
nomic sectors. Unions were represented, as 
were high finance, the national economy, 
industry, etc. In the beginning, the Council 
made fairly general recommendations to the 
government: science should be promoted; the 
means available to science should be 
increased, and research workers should be 
given a certain status—in short, everything 
which could be said easily, without consulta
tion. However, since they were important 
men, it was helpful that they spoke together. 
The government, occupied like all govern
ments by many other considerations, took 
the reports, thanked the chairman of the 
Council for them, and made no use of them.

The Minister of Finance, or the minister 
responsible for the budget, held out as long 
as possible against increasing credits. This 
increase finally came about owing to the force 
of circumstances, but without much selectivi
ty or direction. At that point, the Council’s 
secretariat suggested that certain steps be 
taken, and these have proven to be very 
important. The first step was an inventory of 
the nation’s scientific potential. How many 
research units were there? How many
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research workers were there? Toward what 
purpose was their research directed? What 
discoveries had they made?

The composition of the budget for science 
was a second factor which was still unknown. 
What was the exact amount of money ear
marked for higher education and for 
research? No one knew, because in Belgium— 
as in other countries, I suppose—estimates 
for scientific activities are swamped in the 
very general wording of departmental budg
ets. As a result, no one except the initiated 
civil servant can tell whether it is really for 
scientific activities and what aim is being 
pursued.

This work encountered a great deal of 
resistance, particularly from the universities, 
but also from administrative bodies. On the 
other hand, the industrial sector supported 
this initiative, which in any case made it 
possible to establish definitive relations. Only 
at this time did the government take the trou
ble to listen to the Council’s advice. The 
Council told the government that it wanted 
such and such a percentage increase; it gave 
a clear indication of the actual situation and 
showed the uses to which the increase could 
be put. From then on, the government and its 
ministers began to read reports carefully.

The structure in science policy has been 
altered in the past few months because of a 
change in government. The council’s 
secretariat is now one of the “Services” under 
the Prime Minister. It is in change of pro
gramming science policy and also of taking 
responsibility for technical assistance and the 
Council’s secretariat. These measures were 
designed to avoid duplication of programs by 
the Council and the government, programs 
which might have been excellent on either 
side but which would have had the unfortu
nate effect of confronting the government 
with choices which were as difficult as they 
were arbitrary.

I feel that this has been an accurate sum
mary of the development of science policy in 
Belgium, Mr. Chairman. It should perhaps be 
noted that the Services de la politique scien
tifique (science policy services) are in no way 
responsible for the control of funds. This is 
entirely the responsibility of the minister in 
each sector. Thus there is no Minister of 
Science, but a Minister of Science Policy, 
who prepares the government’s overall deci
sions on choices, programs and allotment of 
funds, but who does not distribute money and 
does not manage any funds or programs.

I do not know if I have answered your 
question, Mr. Chairman.

The Chairman: Thank you very much. I 
think that it is now time for a short recess, 
and we will resume in about ten minutes. We 
will then have a question period.

UPON RESUMING

The Chairman: Order, honourable senators. 
Senator Desruisseaux?

Senator Desruisseaux: Before saying any
thing else, Dr. Spaey, I would like to thank 
you on behalf of my colleagues for taking this 
trip and being so kind as to answer our ques
tions, which we feel are very important for 
Canada because of the forward-looking policy 
which we wish to see in the field of science. 
We were greatly impressed by your state
ment, although we found it a little mystify
ing. You must not be surprised, therefore, if 
we ask you many questions this afternoon.

First of all, your system of, I believe, a 
secretariat for the sciences under the Prime 
Minister, appears to have certain similarities 
with our own. We also have a Science Coun
cil, which has been formed, and a Secretariat. 
However, certain aspects of priority here are 
entirely different from what you described in 
Belgium. To take a concrete example, what 
methods or steps were used to help industries 
evaluate their needs, and to put into opera
tion not an annual program but one which 
would offer them continuity? This is the first 
question I wanted to ask you.

Dr. Spaey: There are two channels through 
which assistance to industrial research is 
assured. This assistance may be complement
ed by assistance to industrial investments, 
but I am speaking only of aid to research. 
One of these is a body known as the Institut 
d’encouragement à la recherche (Institute for 
the promotion of research) and it is for 
industry and agriculture. This is a public law 
body and has two budgets, one for industry, 
one for agriculture. This Institute supports 
joint research projects by means of loans 
without security, which represents fifty per 
cent of research costs. By joint research 
projects, I mean projects conducted by sever
al businesses which have joined together to 
form professional associations; for example, 
the Centre du textile (textile centre) or the 
Centre de la mécanique (mechanics centre), 
and so on. It is thus a question of subsidies to 
research on a Co-operative basis. In principle, 
these projects are designed to improve pro
ductivity; in other words, to improve prod
ucts and current processes. In the latter case, 
one is required to publish the results. This
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type of financial aid is available to all compa
nies or groups of companies.

The other form of financial support of 
industrial research amounts to about 500 mil
lion Belgian francs per year, or 10 million 
dollars, which is used to sponsor so-called 
competitive research through an agency 
known as the Administration des prototypes 
(Standards Control). This group finances 
projects which are proposed by a single com
pany, and which are of a competitive nature. 
The results of their research are therefore not 
available to rival companies. In this case the 
financial aid is not in the form of a subsidy, 
but a loan which may cover up to 80% of the 
cost of research. The loan never covers 100% 
of the cost, because we have found that if we 
sustain 100% of the cost of so-called com
petitive industrial research, we run the risk 
of paying out money to people who are re
ferred to in the language of the initiated, as 
“shacks”. If the company is not in a position 
to assume 20% of the risk, we do not see 
why the government should assume 100%. 
This loan must be paid back if the project 
is successful, and may be subject to 
royalties; but the royalties may not amount to 
more than twice the value of the loans 
advanced by the government.

Here the order of priority is more strin
gent. Top priority is given to projects involv
ing advanced technology, proposed by compa
nies which will be able to see the project 
through to the marketing stage.

Second priority is reserved for projects 
involving less advanced technology, but 
proposed by progressive companies.

Third priority is granted to projects involv
ing advanced technology, proposed by com
panies which have the potential to contribute 
significantly to our economy.

We draw the line here, because we feel 
that our aim is to promote the kind of 
research that can directly contribute to the 
growth of the national economy, and we do 
not want to confuse government support of 
research with welfare. In other words, we try 
to support projects that are a good risk.

Have I answered your question?

Senator Desruisseaux: Yes. I have some 
other questions, this time relevant to our own 
concerns. Does the amount of $10 million, 
which you said is set aside for research, meet 
the demand? Is that amount spent each year? 
Is it adjusted according to need and demand? 
On what basis do you arrive at these budget 
estimates?

Dr. Spaey: The 500 million francs I men
tioned earlier are used for joint research. 
Competitive research also receives 500 mil
lion, and priorities are established on the 
basis of the projects proposed by the com
panies.

Senator Desruisseaux: But are you able to 
fill all requests?

Dr. Spaey: Yes, we have managed to so far, 
because this undertaking is still new and the 
companies have not yet acquired the habit of 
requesting extravagant amounts. They will in 
time, but we shall proceed with caution, for 
experience has shown that if we increase our 
grants too rapidly, we inevitably end up by 
over-spending. Civil servants think they are 
being inefficient if they do not use up the 
entire amount of their grant—at least this is 
the case in Belgium.

The Chairman: In Canada as well.

Senator Desruisseaux: In some respects all 
countries are alike.

Regarding the 80% which the government 
contributes to a project, and the 20% con
tributed by the company which proposed it, 
is that 20% a tax-deductible expense, in view 
of the income it will create, or is it consid
ered as a capital investment?

Dr. Spaey: No. We cover only the costs of 
research, including equipment. This means 
that the government will never pay over 
80% of the cost of research.

Senator Desruisseaux: But is the company’s 
20% considered an expense?

Dr. Spaey: Yes, it is an expense. It is a risk 
which the company assumes.

Senator Desruisseaux: What percentage of 
the gross national product does the sum of 
$20 million represent? Is it a large proportion 
of the gross national product?

The Chairman: Perhaps “total budget” 
would be more accurate?

Dr. Spaey: Here I should point out that in 
Belgium, in 1969, we will spend 2 billion 
francs on industrial and farm research, of 
which 1 billion 500 million will go to industri
al research. Besides this, which is the amount 
the government contributes, about 8 billion 
francs are spent on research by private 
industry as well. This brings the total to 
about 10 billion francs. Since the national 
product is presently about one thousand bil-



24 Special Committee

lion francs, that makes a bit less than 1 %, 
just for industry, while the basic research is 
completely paid for by the government.

Senator Bourget: Is the basic research done 
in the universities, and, if so, does the gov
ernment pay for all such research?

Dr. Spaey: Actually most of the basic 
research is done in the universities. There are 
few other research centres, except for a small 
number of government centres, but these 
government centres are really public services 
which include among their activities the sup
port of basic research. For example, the In
stitut de météorologie (Meteorological Insti
tute) or the Institut d’aéronomie spatiale 
(Space Aeronautics Institute) are federal 
science agencies. They could be called 
branches of the federal administration which 
perform public services. The observatory gives 
the time; meteorology predicts the weather, 
the royal library diffuses scientific informa
tion, etc.; they are public services which also 
do research. But apart from these, almost all 
basic research is carried out in the universi
ties, and to a lesser extent by industry.

The answer to your second question is that 
the budget of the universities, which is 
entirely the responsibility of the government, 
is in fact, though not rightfully, proportioned 
as follows: about 25% for pure research 
activities and about 10% for so-called related 
scientific activities. This makes 35% which 
the universities automatically set aside for 
research, compared to 65% for educational 
expenses. These figures have been verified 
several times in an inventory which we take 
every two years. They are therefore based on 
a statistical observation, and not on an 
estimate.

In addition, the government put 10% of the 
university budget into a national scientific 
research fund, which sponsors basic research 
projects in the universities.

Senator Bourget: Do you send a number of 
your students, who want to go into research, 
to study in universities in France, Germany, 
England, or the United States?

Dr. Spaey: Yes.

Senator Bourget: Do many of these young 
students who are interested in devoting them
selves to research take advantage of the 
opportunities offered by the university in this 
area?

Dr. Spaey: Yes, but the universities do not 
offer these scholarships; they are either

foreign or national scholarships, which allow 
these students to pursue their studies in Bel
gian or foreign universities. But for various 
reasons, there is as yet no general trend of 
emigration.

Senator Bourget: You are lucky; I hope it 
stays that way.

Senator Desruisseaux: Dr. Spaey, regarding 
the recommendations you make on the grants 
to be offered, are they always followed by the 
ministries? Do you have many administrative 
difficulties?

Dr. Spaey: I can say that up to the present, 
the recommendations have usually been fol
lowed. The government has only rarely disre
garded the recommendations made with 
regard to budget allowances, provided these 
recommendations were well justified. But I 
should add for honesty’s sake that this is not 
due simply to the fact that the government 
wanted to follow the Council’s advice; it is 
also due to the fact that its members, particu
larly the Chairman and “secretary” general, 
have the opportunity to explain matters to 
the government privatim.

The basic purpose behind any activity of a 
college is to represent a general opinion, a 
consensus, the vox populi. But we must not 
conclude from this that a college may make 
the final decision, since a college must neces
sarily compromise.

In a college which has its own staff, this 
staff tries to determine in advance what com
promise the college will have to make. In 
order to make the right decision, senator, 
there must be an element of dialectic. If there 
is only the administration and no parliament, 
there can be no dialogue, and therefore no 
exchange of questions and answers. If there is 
only parliament, we are under the rule of the 
assembly, of which each member finds him
self caught up in the most complicated 
situations.

Senator Desruisseaux: If I may change the 
subject, is part of the budget reserved for 
nuclear research, national defence and other 
government projects?

Dr. Spaey: Circumstances have led us to 
maintain a classification system which has all 
the advantages and disadvantages of any clas
sification system.

We divide our budget into five categories: 
the first is the university budget; the second 
is the budget for what we call parallel financ
ing, that is, additional financing of basic
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research. The third category is the budget for 
industrial and farm research. The fourth is 
the budget for public service and govern
ment-directed research. The fifth is for inter
national co-operation.

Within this budget we also have what we 
call subject categories—such as that of 
nuclear or space research, and other and 
often important issues—but we divide the 
budget into subject categories only when the 
government has to resolve a specific problem. 
If, for example, the government must decide 
whether to participate in the construction of a 
standard reactor in co-operation with other 
countries, it requests the administration to 
estimate future expenses and asks whether 
this budget is compatible with available 
resources, taking into account the necessary 
expenses in other areas.

Senator Desruisseaux: Generally speaking, 
have you achieved the results you had 
expected from this agency when it was set up 
in 1960?

Dr. Spaey: The answer is yes, but with two 
qualifications: the first is that it is a very 
complicated undertaking, because the scien
tific world is a complicated world, and 
administration also poses problems. Conse
quently, it has taken a good deal of effort and 
great patience, which at times have not been 
easy to maintain.

Secondly, I think that, because of circum- 
tances and difficulties which you most likely 
will not encounter, because you are probably 
better disciplined than we are, we have had 
to spend a great deal of time organizing. This 
has kept us from carrying out work which I 
hope we shall now be able to begin. Indeed, it 
is not enough to organize past and present 
efforts; we must prepare for the future by 
devising concrete programs.

Senator Desruisseaux: Is the system you 
adopted comparable to those used by neigh
bouring countries on the European continent? 
Are you satisfied with its progress and results 
to the point where you feel you can compare 
favourably with the countries around you?

Dr. Spaey: Once again, honourable sena
tors, I must qualify my answer. With respect 
to organization, that is, co-ordination, my an
swer is clearly in the affirmative, because the 
fact that we have a centralized system means 
that in international conferences Belgium is

always represented by the same individuals, 
who always support the same points of view. 
In this respect our system is obviously an 
efficient one. But I could not be as confident 
about the development of resources.

My country is obviously not in a position to 
spend immoderately; it has many problems to 
solve and, since it is a small country and in 
the scientific field we must keep abreast of all 
developments, the overall costs of science in 
Belgium are relatively high compared to Ger
many or France. Thus from that point of 
view I must say that I am not as satisfied 
with the results. But if tomorrow I were told 
that the science budget was suddenly going to 
be increased by five hundred million, I think 
I would advise my government against this 
move, because it is extremely risky to 
increase any grants too rapidly. If a married 
couple are given a twenty-five percent 
increase in income over a year, they buy a 
better car and a colour television, and they 
vacation in Switzerland—it’s a well-known 
fact.

Senator Desruisseaux: It is human nature.

Dr. Spaey: Yes, it is human nature.

Senator Bourget: Who make up the staff of 
your national research council? Do these peo
ple work full time, and on what basis are 
they hired? How is the council actually 
organized? How does it work?

Dr. Spaey: The Council itself is composed 
of two parts: one part comprises the 
representatives of universities and research; 
that is, the “scientific” world; the other half 
is made up of people from economic and 
social spheres.

Senator Bourget: Who appoints them?

Dr. Spaey: The King.

The Chairman: Is there a federal employee 
among its members?

Dr. Spaey: There is no member from the 
Civil Service.

The Chairman: When you say “the King,” 
do you mean the government?

Dr. Spaey: Yes, of course, the government; 
that is, the minister responsible—the Prime 
Minister.

The Chairman: You have just pointed out 
one difference between our systems; you have
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no members representing the Civil Service in 
your council, while we do.

Dr. Spaey: Exception is made for the 
Secretary-General of National Education and 
for the Secretary-General of Economic Affairs 
who are the two high officials who can par
ticipate in the Council’s .work. However, the 
understanding is that the Council may hear 
those persons it considers useful for its 
purposes.

Senator Bourget: Are there many members 
on this Council?

Dr. Spaey: Thirty-four.

Senator Bourget: If half are university 
professors, who makes up the other half?

Dr. Spaey: Financial and social concerns, 
including unions.

Senator Bourget: What is the remaining 
full-time staff?

Dr. Spaey: The technical administration 
side, the working staff, including chauffeurs 
and typists, numbers about sixty. We have an 
annual financial budget of approximately 
twenty million francs which is equal to 
$400,000.

Senator Bourget: There are undoubtedly 
international companies with subsidiaries in 
Belgium. Are these companies eligible for 
financial aid from the government and if so 
what conditions are attached to such 
assistance?

Dr. Spaey: Your first statement is correct. 
There are several such firms. Their presence 
in Belgium answers our need for industrial 
modernization. As for the question of whether 
they can receive government assistance, the 
answer is yes, because a firm which settles in 
Belgium is necessarily under Belgian law.

Senator Bourget: Will you explain this Bel
gian law? For example are the majority of 
undertakings controlled by the subsidiaries?

Dr. Spaey: No, but there is a compulsory 
Belgian participation. Secondly, they must 
take on Belgian status and must respect the 
laws and legislation governing the establish
ment of an industrial enterprise. However 
because of this they can benefit from govern
ment assistance in the same way as other 
firms.

Senator Bourget: Are there special regula
tions they must follow?

Dr. Spaey: The same regulations as Belgian 
firms.

Senator Bourget: The reason I ask this 
question is to learn whether the Belgian gov
ernment wants to keep for the Belgians the 
results of research undertaken with Belgian 
government assistance.

Dr. Spaey: Well I think that I can say that 
the Belgian government treats foreign firms 
in neither a better nor a worse fashion than it 
does Belgian firms. However, your question 
does underline a real problem, because we 
learned that one of the side-effects of the 
system, which is presently being changed, 
was that the subsidiaries were only a part of 
the parent company’s production, and conse
quently often undertook no research work, 
and this is a serious situation in moderniza
tion. However, at the time we had no other 
choice. It must be added that the Govern
ment, as the only competent administrator in 
matters of this type, was in the dark on the 
problem. We are increasingly setting as a 
condition that the firm which is establishing 
itself must also set up its research services, 
even if at first these research services are 
staffed only by foreigners. In any case, this 
situation changes over the years because in 
the long run it is cheaper to employ Belgian 
scientific personnel, who are on the whole of 
good standing, than to bring in American 
research personnel. It would cost more to 
bring them across the Atlantic to live in Bel
gium with their families on American 
standards.

Senator Bourget: Thank you very much.

[English]
The Chairman: Senator Grosart

Senator Grosart: My question, Dr. Spaey, if 
I may put it in English, concerns your Minis
ter of Science Policy. I believe that is the 
title you give him. I understood you to say 
he has no budget of his own. Is that correct?

Dr. Spaey: Yes.

Senator Grosart: Who then decides the allo
cation of the 10 million francs that go to 
industry for research development? Or put it 
this way: what is his function in the decision?

Dr. Spaey: It is the Cabinet, or as you 
would call it here the Privy Council, that 
makes decisions about the total budget and 
allocation of resources for each part of the 
budget and, as sometimes occurs, for special
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actions. The minister does not himself use the 
funds. Each minister receives his share in the 
framework of the decision of the Government 
as a whole, and the Prime Minister, or the 
Minister délégué, is the chairman of the com
mittee. It is he who proposes the figures of 
the budget before the year in which they will 
be expended. For example, we are now 
deciding in 1968 what budget we will have in 
1969. Then after that each minister may use 
these funds in his own budget, but in each 
budget of the various departments there is a 
special section for scientific activities, and it 
is the totality of all these sections together 
that forms the budget for science.

Senator Grosart: What then is the function 
of the Science Minister?

Dr. Spaey: Well, there is really no Science 
Minister.

Senator Grosart: Well, the Science Policy 
Minister.

[Translation]
Dr. Spaey: I do not see that there is any 

problem here but perhaps you could be more 
specific with your question. There is no single 
minister of science but rather there are sever
al. All ministers have their own scientific 
designation. Why? Because we feel that 
science is the razor’s edge, and if we deprive 
each minister of his scientific endeavours we 
would be taking from him an important fac
tor for development and motivation. Howev
er, as all these activities are working towards 
the economic progress of the nation, all 
encompassing choices must be made from the 
whole system. For this reason we have a 
prime mister who is responsible for them, or 
else a minister representing scientific policy. 
Strange as it may seem, this man is very 
busy. This is very much to his own surprise 
as he did not expect to have all sorts of 
complicated problems to solve, problems 
which no other minister is capable of resolv
ing because he does not have all the available 
information.

[English]
Senator Grosart: How would his function 

differ from that of the British Minister of 
Technology?

Dr. Spaey: It differs in that the British 
Minister of Technology is responsable only 
for part of the science policy, namely, that of 
the industrial technology, and he has a budg
et for that. On the other hand, the Minister of 
science Policy in Belgium is responsible for 
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all problems related to science and higher 
education, but only in respect of the great 
orientations and decisions.

Senator Grosart: I understood you to say 
that the total budget in the Industrial sector 
was about 1 per cent of G.N.P.

Dr. Spaey: Yes, from the public and private 
budget. The two together amount to 1 per 
cent of the G.N.P.

Senator Grosart: Does that include the five 
categories?

Dr. Spaey: No, it includes only research 
devoted to industry and agriculture.

Senator Grosart: What then would be the 
total percentage of G.N.P. of all Government 
departments?

Dr. Spaey: I think it would be more or less 
one three or one four, the same as you have 
now.

Senator Grosart: What major European 
nations have a science minister or a science 
ministry?

Dr. Spaey: France, Germany and Belgium.

Senator Grosart: Does Italy?

Dr. Spaey: Italy? It is approximative.

Senator Grosart: Spain?

Dr. Spaey: Spain, no.

The Chairman: Does Sweden have a science 
ministry?

Dr. Spaey: In Sweden I think it is the 
Prime Minister who acts in that capacity.

Senator Grosart: That is all, thank you.

[Translation]
Senator Desruisseaux: In your relations 

with industries, Doctor Spaey, can you com
plain for instance about political pressures 
which could hinder a program?

Dr. Spaey: Are you referring to political 
pressures?

Senator Desruisseaux: To receive subsidies 
or to obtain the assistance needed for 
research in some fields?

Dr. Spaey: The answer is yes, senator. 
However, I believe that in a democracy these 
pressures show up in all fields and are at the 
same time a good and an evil. Nevertheless,
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we resist unfair pressures as much as 
possible.

Senator Desruisseaux: One more question, 
please.

The Chairman: It will have to be the final 
one as Dr. Spaey is already late.

Senator Desruisseaux: I only had two and I 
think he can answer briefly. I will ask them 
briefly. Does the recent situation in the Com
mon Market affect your particular field of 
endeavour?

Dr. Spaey: Yes, and in this respect the 
problem of the Common Market is rather 
complicated. You know that the Common 
Market was created about ten years ago by 
the Treaty of Rome, if my memory serves me 
well, with a double objective in mind: first to 
create an open market and then to bring 
about a political union.

Senator Desruisseaux: Yes.

Dr. Spaey: The second objective was 
thwarted by various political circumstances 
and the first objective, an open market, is 
now coming into being. However, at that time 
we did not realize that an open market alone 
is not enough to automatically ensure eco
nomic progress.

The American market is characterized not 
only by its size but also by the whole organi
zation or industrial structure. The whole pub
lic organization is set up for this wide market 
and within its scope. In comparison we can 
say that the European market is without a 
doubt equivalent in size to that of the United 
States. It is one in which industries are set up 
on a national basis, and the objectives, both 
national and public, which are extremely 
vital to American industry, are also at a 
national level. This is a serious handicap. 
European countries, Belgium in particular, 
have already put forth considerable efforts to 
arrange for an economic policy in conjunction 
with the Common Market. Within this eco
nomic policy foresee an important place for 
research and development in what we know 
as large-scale technology. We realize that in 
fields such as space, nuclear research and 
computer technology, essentially, and in the 
transportation field, the economic effects can 
be especially important. In fact, they are sec
tors which touch on all branches of advanced 
technology and which require the breadth of

an industry or at least of a large business or 
syndicate. Finally in these sectors there is of 
course a need for the support of public in
terests and consequently for the certainty of 
agreements between the European nations.

We believe that from the trends of modern 
and future society’s demands, it is a 
mechanism which will stimulate economic 
and political integration which up until now 
political law and hopes have failed to do. 
However you know as well as I do that there 
are obstacles and we must wait patiently and 
steadfastly for them to change.

Senator Desruisseaux: Thank you.

The Chairman: Dr. Spaey I realize that you 
are already late but I should like to ask a 
final question. Could you describe as briefly 
as possible the efforts you are making in the 
field of human sciences, the social sciences?

Dr. Spaey: Mr. Chairman, we are con
cerned with the development of the social 
sciences as is the case in many countries. We 
believe that in future societies the social 
sciences in conjunction with the human 
sciences in general will play a role as impor
tant as the pure sciences. The use of scientific 
methods and their adaption to the needs of 
mankind are going to create extremely com
plicated problems. However, we see that in 
Europe, and in Belgium as well, the social 
and human sciences have not evolved as 
quickly as in the United States. This imbal
ance occurs because for too long we concen
trated on economic and social doctrines based 
on mathematical models and paid less atten
tion to the study of economic and social reali
ties. It is something which definitely must be 
developed in coming years. There is a trend 
in this respect but as we are caught up in a 
swift current of all types of problems it is 
very difficult to have politicians consider this 
problem. At the same time they must be 
made to understand the need for the develop
ment of the natural and technological sciences 
and they must as well comprehend the need 
for developing methods of using them within 
a more human perspective. It happens that 
there are too few politicians with adequate 
scientific and mathematical backgrounds so as 
to understand the question at hand. Perhaps 
it is here, as well as in the universities and 
high schools, that everyone including jurists, 
should be taught the basic elements of biolo
gy and a little more applied mathematics.
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The Chairman: Doctor, I realize that you 
are already 15 to 20 minutes late for your 
next appointment and that you have a plane 
to catch this evening. However, I should not 
want you to leave without expressing the 
committee’s sincere gratitude for having so 
graciously accepted our invitation and for 
having let us share your vast experience in a 
field which interests us all. Thank you again. 
I hope you have a safe flight home.

Dr. Spaey: Thank you. I would like to say 
that I rarely have occasion to answer as per
tinent questions from an assembly such as 
this.

[English]
Senator Grosart: Mr. Chairman, before you 

conclude the meeting I should like to pay a 
special tribute to the translator for simul
taneousness and clarity. I have not heard 
anything to compare with it in Europe or in 
the United Nations. I feel that if I had a few 
more sessions of Dr. Spaey’s eloquent French 
going in my right ear and this clarity of 
English into my left ear, I might in time 
become even as bilingual as you are.

The Committee adjourned.
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ORDER OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday 
September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the 
light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the 
Federal Government in the fields of physical, life and human 
sciences;

(c) federal assistance to research and development activities 
carried out by individuals, universities, industry and other groups 
in the three scientific fields mentionned above; and

(d) the broad principles, the long-term financial requirements 
and the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, paper and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(.Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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Extract from the Minutes of the Proceedings of the Senate, Thursday, 
September 19th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the 

Honourable Senator Benidickson, P.C.:
That the name of the Honourable Senator Robichaud be substituted 

for that of the Honourabe Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER, 
Clerk of the Senate.
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MINUTES OF PROCEEDINGS
Wednesday, October 23, 1968

Pursuant to adjournment and notice the Special Committee on Science 
Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bourget, 
Cameron, Desruisseaux, Grosart, Hays, Kinnear, Lang, Leonard, MacKenzie, 
Robichaud, Sullivan and Yuzyk—14.

Present but not of the Committee: The Honourable Senators Carter, Con
nolly (Ottawa-West) and McGrand—3.

In attendance:
Philip Pocock, Director of Research (Physical Science)
Gilles Paquet, Director of Research (Human Science)

The following witnesses were heard:
NATIONAL RESEARCH COUNCIL 
Dr. William George Schneider, President;
Dr. Kenneth Franklin Tupper, Vice-President (Scientific) ;
Professor Louis-Philippe Bonneau, Member,

Vice-Rector of Laval University;
Dr. William H. Gauvin, Member,

Manager, Noranda Research Centre at Pointe Claire, Québec;
Dr. A. Brewer Hunt, Member.

(A curriculum vitae of each witness follows these Minutes)
At 12.45 p.m. the Committee adjourned until 3.30 p.m. this day.

AFTERNOON SITTING

The Committee resumed at 3.30 p.m., the Chairman, Senator Lamontagne, 
presiding.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bourget, 
Cameron, Grosart, Hays, Kinnear, Lang, MacKenzie, Robichaud, Sullivan and 
Yuzyk—12.

Present but not of the Committee: The Honourable Senator Giguère—1.
In attendance: Philip Pocock, Director of Research (Physical Science). 
The witnesses were further questioned.
The following are printed as appendices:

1. Guidelines for submission to the Special Committee on Science 
Policy.

2. Brief submitted by the National Research Council.
At 5.45 p.m. the Committee adjourned to the call of the Chairman. 

ATTEST:
Patrick J. Savoie,

Clerk of the Committee.
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CURRICULUM VITAE OF THE WITNESSES

Schneider, William George, B.Sc., M. Sc., Ph.D., D.Sc., LL.D., F.R.S.C., F.R.S. Dr.
Schneider was born in Wolseley, Saskatchewan in 1915. He received the B.Sc. 
in 1937 and the M.Sc. in 1939 from the University of Saskatchewan and the 
Ph.D. in 1941 in Physical Chemistry from McGill University. From 1941 to 
1943, Dr. Schneider was a Research Associate at Harvard University on a 
Royal Society of Canada Fellowship. During the next three years he was a 
Research Physicist at the Oceanographic Institute at Woods Hole, Massachu
setts, conducting research on the properties of underwater explosions and 
development of anti-submarine weapons. In 1946 he joined the staff of the 
National Research Council as Head of the General Physical Chemistry Section 
of the Division of Chemistry. During 1952-53 he was on leave of absence at 
Cambridge University where he worked in the theoretical chemistry laboratory 
with Sir John Lennard-Jones. Dr. Schneider was Director of the Division of 
Pure Chemistry from 1963 to 1966, and Vice-President (Scientific) of the 
National Research Council from 1965 until his appointment as President on 
1 September 1967. He is a Fellow of the Royal Society of London, The Royal 
Society of Canada, and the Chemical Institute of Canada. He has been awarded 
the Chemical Institute of Canada Medal. The Honorary Doctor of Science degree 
has been conferred on him by York University, and the Honorary Doctor of 
Laws by the University of Alberta, and Laurentian University. He is a member 
of The Faraday Society, the American Chemical Society and the American 
Physical Society, and is a member of the Editorial Board of various scientific 
journals. Dr. Schneider has published 120 scientific papers and is co-author 
of the book ‘High Resolution Nuclear Magnetic Resonance’ by Pople, Schneider 
and Bernstein. Dr. Schneider has won international recognition for his con
tributions to the study of intermolecular forces and molecular properties. His 
work in high resolution proton magnetic resonance has resulted in a number 
of important contributions to structural chemistry, proton exchange behaviour 
and hydrogen bonding. He is also noted for his extensive studies of organic 
crystal semi-conductors.

TUPPER, Kenneth Franklin. O.B.E., B.A.Sc.. S.M., D.Sc.. LL.D.. M.E.I.C. (Hon.). 
F.R.Ae.S. Dr. Tupper was born in Lynn, Massachusetts, in 1905. He obtained 
the B.A.Sc. degree in Mechanical Engineering from the University of Toronto 
in 1929. The same year he joined the National Research Council as a research 
engineer, employed in the design of wind tunnels and aeronautical research 
facilities. From 1944 to 1946 he was Chief Engineer at Turbo Research Limited, 
a crown company engaged in design and development of aircraft gas turbines. 
Dr. Tupper was then named Assistant Director of Research and subsequently 
Director of the Engineering Division at NRC’s Atomic Energy Project (now 
Atomic Energy of Canada Limited). In 1949 he returned to the University 
of Toronto as Dean of Applied Science and Engineering. From 1954 until 
1963 he was President of the consulting engineering firm of Ewbank, Tupper 
and Associates Limited, Toronto. Dr. Tupper was appointed Vice-President 
(Scientific) of the National Research Council of Canada on 1 January 1964.
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He holds an S.M. degree in Aeronautical Engineering from the University of 
Michigan, honorary D.Sc. degrees from Laval University, the University of 
Western Ontario and the University of Sherbrooke, and the honorary LL.D. 
degree from McMaster University. Dr. Tupper is an Honorary Member and 
Past President of the Engineering Institute of Canada, Vice-Chairman of the 
Board of Governors of the Ontario Research Foundation, and a Fellow of the 
Royal Aeronautical Society.

BONNEAU, Louis-Phillipe, B.A.Sc. Prof. Bonneau was born in St. François, 
County of Montmagny, Quebec, in 1916. He received the B.A.Sc. with Honors 
(Summa Cum Laude) from Laval University in 1942. From 1942 to 1946 he 
was an Engineer with Canadian Johns-Manville, Asbestos, Quebec. He joined 
Laval University in 1947, and was a Professor in the Department of Mechanical 
Engineering until 1954, when he was appointed Director of that Department. 
Prof. Bonneau was appointed Vice-Dean, Faculty of Science, in 1956, and 
Dean, in 1960. In 1961 he was appointed Vice-Rector of Laval University. 
The Honorary Doctor of Science degree has been conferred on him by Queen’s 
University and Laurentian University. He was named a member of the National 
Research Council in 1963, and is a member of the Board of Directors of Laval 
Hospital, and of the Board of Governors, Canadian Bankers Institute. He is a 
member of the Engineering Institute of Canada; Corporation of Professional 
Engineers of Quebec; Association Canadienne-Française pour l’Avancement 
des Sciences; Canadian Institute of Mining and Metallurgy; American Society 
for Metals; American Society of Mechanical Engineers; and the American Society 
for Heating and Refrigeration Engineers. He is a former member of the 
Defence Research Board, and the Committee of Science and Medicine for the 
Canadian World Exhibition, 1967.

GAUVIN, William H., B. Eng., M. Eng., Ph. D., D. Eng., F.C.I.C.. P. Eng. Dr.
Gauvin was born in Paris, France, in 1913. He received his early education in 
England, Belgium and France, and came to Canada in 1930 where he worked 
as a chemist for the next eight years. From 1938 to 1944 he attended McGill 
University, obtaining the B. Eng. in 1941 and M. Eng. in 1942. From 1942 to 
1946 he lectured in the Chemical Engineering Department at McGill University, 
and obtained the Ph.D. there in 1944. From 1944 to 1946 he was Plant Super
intendent with F. W. Horner Limited, Montreal, and the following year returned 
to McGill University as Associate Professor in the Department of Chemical 
Engineering. From 1951 to 1958 Dr. Gauvin served as consultant to the Pulp 
and Paper Research Institute of Canada. In 1958 he became head of the Chemical 
Engineering Division of the Institute, while teaching and directing research in 
the Chemical Engineering Department at McGill University. He joined the 
Noranda Group of Companies as Manager of the Noranda Research Centre 
at Pointe Claire, Quebec, in 1961, and continued to direct postgraduate research 
work at McGill University. Dr. Gauvin is a Fellow of the Chemical Institute 
of Canada, a past Member of the Council of the Engineering Institute of Canada, 
a Member of the American Institute of Chemical Engineers, the Institution 
of Chemical Engineers, the American Institute of Mining and Metallurgy, the 
Canadian Institute of Mining and Metallurgy, the Canadian Pulp and Paper
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Association, the Association of the Pulp and Paper Industry, the American 
Society for Engineering Education, and the Corporation of Professional En
gineers of the Province of Quebec. In 1964 he was named a member 
of the National Research Council of Canada. Dr. Gauvin has published over 
seventy-five papers in the fields of electrochemistry, heat transfers, and par
ticulate systems (technology of droplets and small particles) and has patents 
on a new chemical engineering processing technique (the Atomized Suspension 
Technique).

HUNT, A. Brewer, B.A. Sc., D. Eng., F.E.I.C., F.I.E.E.E. Dr. Hunt was born in 
London, Ontario, in 1902. He graduated from the University of Toronto in 1928 
with the degree of Bachelor of Applied Science, and received the medal award 
from the British Association for the Advancement of Science. Immediately fol
lowing graduation, Dr. Hunt joined the Northern Electric Company as a 
manufacturing methods engineer. He held many senior engineering and 
management positions with the Company and, from 1960 until his retirement 
in 1967, held the position of Vice-President, Research and Development, in 
charge of the Company’s laboratories in Ottawa. Dr. Hunt was awarded the 
Engineering Institute’s Ross Memorial Medal, in 1946, for his paper entitled 
“The Future of Radio Communications in Canada.” In 1954 he was loaned to 
the Government for a period of eighteen months as Director of the Electronics 
Branch of the Department of Defence Production. In 1966, Dr. Hunt was named 
a member of the National Research Council of Canada. He is retired Command
ing Officer of the 11th Signals Regiment (Reserve) ; a Past President, Director, 
and Chairman of the Research Committee of Electronic Industries Association 
of Canada; past Vice-President, Research and Development Division of the 
American Management Association; a member of the Industrial Research Com
mittee of the Ontario Economic Council; a member of the Research and 
Development Committee of the Canadian Manufacturers’ Association; and a 
member of the advisory boards of the Faculty of Science of the University of 
Ottawa, the College of Engineering of Saskatchewan University, and the 
Materials Research Unit of McMaster University. He is a member of the 
Association of Professional Engineers of Ontario, the Institute of Electrical and 
Electronic Engineers, the American Association for the Advancement of Science, 
and a Fellow of the Engineering Institute of Canada.
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THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE

Ottawa, Wednesday, October 23, 1968.

The Special Committee on Science Policy 
met this day at 10 a.m.

Senator Maurice Lamontagne (Chairman) in 
the Chair.

The Chairman: Honourable senators, when 
on March 12 this year our committee held its 
first public hearing, I explained that our 
inquiry would be divided into three main 
phases. Up until now we have heard experts 
on broad questions of science policy both 
from Canada and abroad. Today we are 
beginning the second stage which will consist 
of hearing the research agencies of the 
Canadian Government, and finally when we 
are through with this second stage, as we 
have agreed previously, we intend to receive 
representations from the provincial research 
agencies, and from the private sector includ
ing universities, industry and professional 
organizations.

On behalf of the members of the commit
tee, it is a great pleasure for me to welcome 
the President of the National Research Coun
cil and his colleagues and associates who are 
at this table, Dr. Schneider, President; Dr. 
Tupper, Vice-President (Scientific); and then 
Dr. Hunt on my far right.

[Translation]
On my left, you see professor Bonneau, 

Vice-Rector of Laval University, and, finally, 
Dr. Gauvin, also a member of the National 
Research Council.

[English]
The National Research Council is one of the 

oldest and still, I believe, the most important 
government research agency. It is therefore 
quite appropriate that we begin this second 
phase of our inquiry with this institution 
which has contributed so much to Canadian 
scientific effort. So, without any further intro
duction, I would ask Dr. Schneider to make 
his statement, and then of course we will go

on to the question and discussion period as 
usual.

Dr. William George Schneider (President, 
National Research Council): Mr. Chairman, 
honourable senators, first of all I would like 
to say that we appreciate very much this 
opportunity to appear before your committee 
on Science Policy. Since the National 
Research Council has a total day-to-day 
involvement in science, your study will cer
tainly be of very special interest and impor
tance to us.

We have prepared a formal submission 
along the lines suggested to us by your 
research staff. This, together with a lot of 
additional documentation, which we have 
provided, will make rather a lot of reading.

Accordingly, we thought it might be useful 
to supplement this with a short brief which 
reviews our current situation in science and 
outlines a number of issues and problems 
which we feel must be dealt with by future 
policy.

In order to set some of these issues in per
spective, I would like to begin with a few 
general remarks about science and public 
policy.

I. SCIENCE AND PUBLIC POLICY:
The principle of a public and government 

responsibility for science is now generally 
accepted in all advanced countries. This has 
come about not so much because science itself 
represents a primary mission of government, 
but because science and technology provide 
an essential means of achieving national 
goals. But to utilize and exploit science effec
tively to this end requires a vital and highly 
competent indigenous science. Accordingly, 
when we consider what is generally referred 
to as science policy, there are really two main 
aspects: (a) policy for science proper, which 
is concerned with developing and maintaining 
in a favourable atmosphere a strong
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indigenous science, and (b) policies concerned 
with the mobilization and application of 
scientific resources toward achieving national 
goals. These two aspects are related since a 
weak and incompetent science is not likely to 
achieve the hoped for results even with large 
expenditures of public funds.

Decision-making and policy formulation in 
matters relating to science must take account 
of certain criteria (criteria of choice) as well 
as specific goals and objectives. The values 
and benefits of scientific research may be 
classified according to intrinsic scientific cri
teria, and/or according to social, economic 
and technological criteria. The scientific cri
teria, whether it is good or bad science, are 
relevant both to basic science and applied 
science. While the objectives and subject mat
ter may vary, the discipline and methods of 
science, and the techniques of science are 
common elements. Because of their special
ized nature, the purely scientific criteria must 
be established and applied by knowledgeable 
scientists. On the other hand, the social eco
nomic and technological criteria can only be 
assessed in terms of defined goals and objec
tives formulated by public policies. Scientific 
research can then be assessed in terms of its 
potential and effectiveness (by comparison 
with alternative approaches) toward further
ing these objectives.

The two aspects in the total government 
responsibility for science, which, although 
interrelated and interdependent, require basi
cally different decision-making and policy 
formulation as follows:
a) Science as an Essential National Activity 

of its Own:

We include here all those activities neces
sary for the development of our scientific 
resources and maintaining a strong 
indigenous science. These are for example, 
basic research (which includes almost all 
university research), research manpower 
training, research facilities, scientific publica
tions and scientific information systems, 
scientific organizations, research services, etc. 
In addition to its cultural and educational 
values, science is a national investment, and 
constitutes a creative and progressive element 
in advanced societies. Science has its own 
standards, which, though world-wide in their 
effects, largely originate in scientifically de
veloped countries. Yet no country has a 
monopoly on ideas, and good ideas come from

highly competent individuals working in a 
favourable and stimulating environment. 
(This point needs stressing when we speak of 
scientific resources). Moreover, because of the 
unpredictability of scientific discovery, new 
scientific advances cannot be planned or cen
trally directed. Planning and decision-making 
of this kind of science, at the government 
level, should be primarily confined to the 
establishment of the appropriate scale of over
all funding and provision for major research 
facilities.
b) Science as a Contributing Component 

Toward Social, Economic and Technologi
cal Goals:

By contrast, science deployed in support of 
social, economic and technological goals can be 
evaluated in terms of its promise in further
ing these goals, and can be planned in more 
detail. Resource allocation to individual pro
grams is then guided by public policy and 
national priorities which must first be estab
lished. The extent to which the latter are 
clearly delineated will have a bearing on the 
efficiency and effectiveness with which scien
tific resources are utilized. Nevertheless, deci
sion-making is this area is generally confront
ed with difficult choices between competing 
programs requiring detailed study and 
evaluation in terms of the criteria of choice 
referred to earlier. Thus, while scientists 
have an important input in terms of the 
appraisal, planning and implementation of 
individual programs, ultimate decision-mak
ing is the responsibility of government. This 
point is illustrated for example by the new 
NRC low-speed wind tunnel, by the new pro
gram of water resources research assigned to 
the Department of Energy, Mines and 
Resources, and by recent action with respect 
to a communications satellite.

In an operational sense, the National 
Research Council has been given a broad re
sponsibility to develop and nurture a scientific 
research capability in Canada and to deploy 
scientific research for national needs. It 
should be noted here the latter function is 
also shared (in a defined way) by a number of 
government departments and agencies which 
undertake scientific research to support their 
particular mission.

Thus, as far as statutory functions and pro
grams are concerned, the operations of the 
National Research Council fall under both 
policy aspects (a) and (b) above, whereas the
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research operations of other agencies and 
mission-oriented departments fall predomi
nantly under (b). Accordingly, because of the 
wider responsibilities of the Council, it must 
be responsive to new opportunities and new 
research needs which do not fall within the 
prescribed missions of government depart
ments and other agencies.

As an aside, I would like to comment at 
this point on statements sometimes made that 
there is very little co-ordination as far as 
federal government in-house research pro
grams are concerned. There is in fact close 
liaison and frequent informal consultation to 
avoid unnecessary overlap and duplication of 
research activities at the Deputy Minister 
level and at the working level. There exists 
also a number of inter-departmental and 
inter-agency policy and research co-ordinat
ing committees. The Council has also set up a 
number of joint committees with other depart
ments and agencies and to a large extent this 
function is also served by N.R.C. Associate 
Committees.

II. REVIEW OF THE CURRENT STATE OF 
SCIENCE IN CANADA:

During the two decades following World II, 
there has been an accelerating development 
of science in Canada. The initial stimulus was 
provided by the war itself. The research 
activities of NRC laboratories were expanded 
considerably during the war years and during 
the immediate post-war period. Out of these 
activities also grew the Defence Research 
Board, Atomic Energy of Canada Limited, 
and later Canadian Patents and Development 
Limited, and the Medical Research Council. 
This period also saw an intensification of 
research activities in a number of government 
departments concerned with natural resource 
development.

In 1946, there were really only two univer
sities in Canada in a position to grant doctor
ate degrees in most scientific disciplines. The 
rapid expansion of our universities, and of 
our educational system generally during the 
post-war period has been a remarkable 
Canadian achievement. Today at least fifteen 
universities have strong graduate schools in 
science and engineering, and another dozen 
or so award advanced degrees in a number of 
scientific disciplines. The National Research 
Council’s contribution to the expansion of

university research activities and graduate 
training has grown from 7.2 millions in 1960- 
61 to 45.8 millions in 1967-68.

New research personnel required to achieve 
these periods of expansion, first in govern
ment laboratories and later in universities, 
were supplemented in large measure by 
immigration and recruitment abroad. The 
output of new graduates from Canadian uni
versities continued to be well short of the 
needed research manpower. Although there 
has been some loss of Canadian graduates 
through emigration, their number has been 
substantially less than the number of new 
scientists and engineers gained by immigra
tion.

As mentioned earlier, a number of univer
sities have built up strong graduate schools, 
and several of these are approaching front
line rank comparable to the best anywhere. 
In general, the older disciplines, such as 
mathematics, physics, chemistry, biology and 
geology, tend to be more highly developed 
and now have a considerable number of 
investigators of international stature. We 
have not won Nobel prizes in recent years (if 
this is an indicator), but we now have some 
runners-up, and in five or ten years Canada 
should be able to gain its proportionate share. 
Nevertheless, a number of branches of the 
main disciplines are still weak and need 
strengthening, as for example, molecular 
biology, inorganic chemistry, theoretical 
physics and chemistry, solid state physics, 
and biophysics. Some very promising 
research groups are developing in the newer 
fields of space sciences, radio astronomy and 
in computer sciences. Generally speaking, the 
applied sciences and engineering disciplines 
are as yet not as highly developed as the pure 
science disciplines. This is largely attributable 
to the fact that research in engineering 
schools is expensive, cannot flourish without a 
favourable industrial climate, and has had a 
much later start, although it is now develop
ing rapidly. Scientific research in the franco
phone universities also had a later start, and 
until recently, tended to have a slower 
growth rate than that of the larger anglo
phone universities.

During the past decade in which there has 
been a rapid expansion of scientific research 
in universities, industrial research has had a 
very modest growth. The reasons for the rela-
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tively disproportionate development of scien
tific research and advanced technology in 
Canadian industry are many, and cannot be 
detailed here. They bear a close relationship 
to the general Canadian industrial climate, 
including such factors as size of markets, 
tariffs, transportation costs, subsidiaries of 
foreign companies, and in particular the ab
sence of extensive government military and 
space programs. It also must be admitted that 
in the face of a rapid university expansion in 
the recent past, industrial laboratories have 
not competed successfully for their share of 
top scientific and engineering talent. It is 
sometimes claimed that to-day’s graduate is 
too strongly academically oriented and not 
interested in industrial research, and those 
that are, frequently look to industries in the 
United States in the belief that industrial 
research opportunities are lacking in Canada. 
Some of these difficulties could be overcome 
by a greater strengthening of the ties between 
Canadian industry and the engineering 
schools.

Our competitive position in world markets 
and our industrial and economic expansion in 
Canada will depend to an increasing degree on 
advanced technology. Presently, there exists 
a number of programs, including those of 
the National Research Council and the 
Department of Industry, which are intended 
to promote and assist industrial research and 
development. The results from these pro
grams have been encouraging, but they are as 
yet modest programs and fall far short of 
what is needed. Some well planned and inte
grated programs are necessary to generate 
the momentum needed in this area.

While we have had a continuing shortage of 
highly trained research manpower in the 
past, according to the most recent study now 
being completed by the Council, this picture 
is likely to change rapidly because of the 
expansion of our universities and particularly 
university graduate training in recent years.

Chart I displays the number of new Ph. D. 
graduates in science and engineering in each 
year during the period from 1959 to 1968 and 
projected to 1973. In this study, Ph. D. gradu
ates were used since there is a correlation 
between research activity and manpower 
trained to this level. In round figures the 
annual output of new Ph. D.’s has increased 
from over 200 in 1959 to a projection of

around 2,000 per year in 1973. (These figures 
do not include Ph. D.’s in the Medical 
Sciences). The annual number of new employ
ment positions has increased from somewhat 
over 400 to nearly 1,000 and is not expected 
to increase greatly beyond this figure. While 
these projections are subject to limitations 
and uncertainties, it does appear that we will 
no longer be faced with an overall deficit in 
scientific manpower.

The second feature displayed by Chart I is 
the distribution by sector, of the new employ
ment positions. The rapid rise in Ph. D. 
employment over the last 10 years is directly 
related to the rapid university expansion and 
the universities themselves have been taking 
up most of the new graduates. In the future, 
while the rate of university expansion is 
expected to be more modest, the universities 
are likely to continue to employ the largest 
number of new graduates, with government 
employing slightly increasing numbers, and 
there does not appear to be an increasing 
demand likely to be forthcoming from the 
industrial sector, under present conditions. 
This general picture, however, must be 
strongly qualified. The figures represent an 
average over all disciplines and there is con
siderable variation among different disci
plines. In many disciplines shortages may be 
expected to extend well into the seventies. 
The requirement for new employment posi
tions is basically a projection of existing 
activities and programs and involves the 
assumption that no major new government- 
sponsored programs will be launched during 
the next few years. With the greater availa
bility of scientists and engineers at the Ph. D. 
level, it is very likely that in future an 
increasing number will be absorbed by tech
nical schools, community colleges and other 
post-secondary institutions. Account must also 
be taken of the fact that the projected num
ber of graduates include a considerable num
ber of foreign students and the number likely 
to return to their country of origin is 
unknown.

Chart II illustrates the distribution among 
the three sectors of Ph. D. scientists and engi
neers in another form. The total average 
number of Ph. D.’s employed in all sectors 
was 4,300 for the period 1959-63 and is pro
jected to rise to 11,500 in 1973.

Senator MacKenzie: Mr. Chairman, may I 
ask one question. Does that include all the 
Ph.D.’s or only those in science?
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Dr. Schneider: Only those in science and 
engineering, excluding medical science. It 
does not include social sciences and the 
humanities.

Senator MacKenzie: Thank you very much.

Dr. Schneider: Subject to the qualifications 
indicated earlier, the university sector will 
take up an increasing proportion of the total 
Ph.D. graduates, increasing from 53% in 1960

to about 70% in 1973. The corresponding 
figure for government laboratories will be 
halved from 33% to 17%, while there will be 
virtually no relative change in the industrial 
sector. The present studies relating to scien
tific manpower resources are as yet prelimi
nary and lacking in sufficient detail. How
ever, they are the most up-to-date presently 
available, and have implications which should 
be kept in view in respect of shaping national 
policies and programs.
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CHART I
Ph. D OUTPUT AND NEW EMPLOYMENT 
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III. CURRENT ISSUES AND PROBLEMS:
1. It is clear that while we have made great 

strides in our scientific development during 
the past two decades, our present develop
ment with respect to the application and utili
zation of science is alarmingly unbalanced. We 
have not achieved a sufficient rooting of R & D 
in the industrial sector, nor has existing 
industrial R & D developed a sufficient 
momentum for growth to assure the future 
welfare of advanced industrial technology in 
Canada. The reasons for this are complex and 
go well beyond a willingness on the part of 
Canadian industry to undertake a greater 
effort. Our present industrial climate, struc
ture, and resources are not sufficiently favour
able to induce industry to undertake major 
long-range R & D programs. Longer range pro
grams to develop new advanced technology 
frequently require a lead time of from five to 
ten years and an economic return may not be 
realized until ten or twenty years later. 
Investment in industrial research must com
pete with other forms of investment which an 
industry can make. Since many industries are 
chronically short of capital, it becomes difficult 
to fund industrial research and much more 
difficult to do so when the economic return 
may not be realized until ten or twenty years 
later. Accordingly, our minimal industrial 
R & D effort has concentrated for the most 
part on short-range programs likely to pro
duce a more immediate return. More often 
than not this is concerned with minor exten
sion or elaboration of existing technology 
rather than with the development of promis
ing and entirely new technology. Both are 
essential, but the latter is more likely to pro
vide the challenging opportunities in industrial 
laboratories which will attract the highly 
gifted and creative scientists and engineers. 
Their presence in the industrial environment 
will greatly stimulate innovation generally. 
Our deficiencies in these respects today will 
increasingly compromise our economic poten
tial ten or twenty years from now.

Research and development, although it 
requires the greatest lead-time, and therefore 
must be provided for and planned well in 
advance, is but one part, and usually the least 
expensive part, of industrial innovation and 
successful economic exploitation. As a nation 
we must make a much greater commitment to 
new technology. With limited resources we 
cannot of course hope to challenge on all 
fronts. But by being selective and concentrat
ing our efforts we can become pre-eminent in

those areas where we have a favourable base 
or special advantage. As part of Federal gov
ernment policy these areas should be iden
tified and given special support and encour
agement on a priority basis. Possible areas 
which should be considered include transpor
tation, telecommunications, building materials 
and building technology, environmental pollu
tion, metal physics and metallurgy, marine 
sciences, food technology, energy and power 
technology, northern development and spe
cialized computer technology.

2. In order to exploit and assimilate new 
scientific knowledge and technical informa
tion, and develop engineering design data, it 
is essential that research scientists and engi
neers have ready access to the rapidly 
expanding world-wide information pool. This 
means on the one hand that industry must 
have scientists and engineers competent to 
interpret and assimilate this knowledge, and 
secondly, a rapid system of information dis
semination capable of providing them with 
the special knowledge they require. Through 
the National Science Library and Technical 
Information Service, the Council has attempt
ed, during a long period of time, to provide a 
stockpile of scientific and technical informa
tion and a mechanism for its transfer into 
industry and universities. A period of transi
tion has now been reached when new tech
nologies—the digital computer on the one 
hand, and high capacity information trans
mission networks on the other—make it 
possible soon to increase greatly the extent of 
the services offered. In the immediate future, 
it seems likely that an expenditure to make 
existing scientific and technical information 
widely available will be more rewarding than 
an expenditure simply to gain, through 
research, new information. Consequently, the 
provision of computer and data transmission 
systems to the National Science Library to an 
increasing extent can be anticipated.

3. Science generally in Canada has now 
developed a reasonably broad foundation and 
considerable strength, though somewhat 
diffusely based in a considerable number of 
university laboratories. The most immediate 
needs for the future will be to develop great
er depth and concentration in important 
selected areas. The Council’s recently esta
blished program of Negotiated Development 
Grants is intended to aid his objective. Grants 
of this type have already been awarded to a 
number of universities in such areas as 
materials science, pestology, mathematics and
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computer science, and mechanics. There is 
also a need to provide for special research 
facilities and to foster more inter-disciplinary 
research. In certain research areas stronger 
links and co-operation with social science dis
ciplines must be established. Finally, if our 
limited scientific resources are to be deve
loped and deployed in the the most effective 
manner, a much closer interaction and col
laboration between university laboratories, 
government laboratories and industrial 
laboratories than now exists must be given 
strong encouragement. This would be greatly 
aided by mutual participation in large 
research projects of major national signifi
cance or in important local or regional 
problems.

4. National policy must concern itself with 
the application of science to social and eco
nomic problems and to improving the human 
environment. Generally these are areas which 
tend to fall outside the industrial sector. They 
include, for example, conservation, pollution 
and other environmental problems, housing 
and urban problems, fire protection, law 
enforcement, public health and public safety. 
The application of science to these social 
problems is greatly complicated by the struc
ture of government in Canada where general
ly the provinces carry the responsibility in 
the areas where the problems lie. Federal 
government programs tend to be restricted to 
the solution only to the most basic common 
problems, but do not provide for the applica
tion of the solution, which has to remain with 
the provinces.

5. A further area of national policy requir
ing urgent attention is that of regional dispari
ties. During the recent build-up of scientific 
research in Canadian universities, it has been 
particularly apparent that the resources from 
provincial sources available to universities in 
the Atlantic provinces have been considerably 
less than those in other provinces. This mere
ly reflects a long-standing economic disparity 
in these provinces. Scientific research can 
contribute toward an alleviation of these 
problems. Particular programs should be inte
grated with regional programs designed to 
promote resource and industrial development.

6. The role that science can play with re
spect to problems of national unity and inter 
cultural relationships may be somewhat 
indirect, but nonetheless important. The 
development of science in francophone uni
versities has had a later start due to the lack 
of emphasis on science in the past. There is
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now a serious attempt to catch up, and to do 
so over a shortened time-scale will require 
augmented resources. The establishment of 
some major research laboratories in which 
French is the working language should be an 
important national goal. Exchange programs 
for visiting professorships and students 
between francophone and anglophone univer
sities should also be encouraged.

7. To an increasing degree scientific 
research activities are also being sponsored 
by provincial governments, in support of spe
cific problems and objectives. In the majority 
of provinces these programs are centered in 
provincial Research Councils or similar 
bodies. Research projects are frequently also 
sponsored in university laboratories. Accord
ingly, a national science policy should take 
account of programs and goals of provincial 
governments and through mutual consultation 
promote co-operation and co-ordination of 
research programs.

8. Finally, I should like to comment on the 
future role of the National Research Council 
in the evolving national framework for 
science. Under its Act, the National Research 
Council was set up as an independent agency 
of the federal government with a broad re
sponsibility for science. With the recent estab
lishment of the Science Secretariat and the 
Science Council, both with strictly advisory 
roles, the National Research Council contin
ues as the main operational agency in the 
science area. Occasionally it is suggested that 
some of the present functions of the Council 
should be separated, as for example, industri
al research, or the university grants program. 
The setting up of a separate Engineering 
Research Council has also been suggested. In 
our view, the splitting of pure and applied 
science, and the separation of the above func
tions from the National Research Council, 
would be a serious mistake. The effectiveness 
of the Council in the past has been due in 
large measure to the close working contact it 
has established with the scientific community, 
both in pure and applied science, and to the 
confidence it has engendered by practising 
high quality science in its own laboratories. 
Were NRC to be isolated from university and 
industrial research activities, it would soon 
become ineffective as a national science body. 
At a time when major research projects 
require an interdisciplinary approach and fre
quently also require co-ordination of co-oper
ative programs with university, industry and 
government laboratories, excessive fragmen-
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tation of agencies would be a serious hand
icap. As a result of past efforts of the Council, 
strong university research centers have been 
developed, assuring an adequate supply of 
research-trained manpower for the future. 
University research support must continue, 
but we must now also greatly intensify our 
efforts in applied and industrial research. For 
this the first urgent step must be a clearer 
delineation of national objectives and priori
ties. In the meantime, the National Research 
Council will continue to work towards solu
tions in the various problem areas outlined 
above, consistent with its mission, and 
national need.

Senator Lang: Mr. Chairman, I would first 
thank Dr. Schneider for his care and trouble 
in preparing this brief. We recognize, Dr. 
Schneider, the importance that your agency 
plays in the study which we are undertaking. 
We realize that we must understand thor
oughly the aims, objectives and methods of 
operation of the NRC, in order to make our 
study complete. Accordingly, we attach great 
importance to your presence here today and 
appreciate it.

In addition to the material furnished by the 
NRC, some material has been furnished to me 
by our committee and I realize, for the first 
time, the extent of the “embarrassment of 
riches” in Ph.D.’s which we seem to be about 
to enjoy in this country.

I know you will be familiar, Dr. Schneider, 
with some of the other material I have in 
front of me, which would indicate that this 
problem is not confined to Canada but may 
be a relatively widespread phenomenon in the 
western world—if we are to believe Dr. 
Ernest Rudd, who wrote an article in Miner
va of last spring, entitled “The Rate of Eco
nomic Growth, Technology and the Ph.D.”; 
and particularly an article in the October edi
tion of The Economist entitled “How to Lose 
the Technological Race,” which underscores 
the dangers inherent in this diversion of our 
highest talents into the pure sciences and into 
the academic field to the detriment of the 
technological side of our society.

I know very well that you have under
scored this in your brief and have attempted 
to some extent to pose some solutions to the 
problem. I would like to suggest to you that 
in this committee we would hope that the 
NRC could be more specific in this area. 
Although you suggest that is the primary re
sponsibility of government policy in these 
directives, I think that, in turn, it is the

activities of the Council that will prompt 
those government policies. It may be that the 
suggestion made—which you referred to as 
splitting pure and applied sciences—arises 
from this problem. I do not know that.

In your conclusion, I note that you say that 
your past efforts must be continued to main
tain strong university research centres and 
that university research support must be con
tinued. You have mentioned that you must 
intensify your efforts, “our efforts,” in 
applied or industrial research.

If this problem has a significance which I 
think I would have to attach to it, from the 
brief reading I have done, it would appear to 
me that it is time for the NRC to embark on 
very specific means of altering the direction 
of the educational priorities in this country in 
this area, and specifically, perhaps, through 
your control of grants to universities for 
research, or in stimulating activity in the 
industrial sector in a way far in excess of 
those efforts which we have tentatively seen 
in the Program for the Advancement of 
Industrial Technology (PAIT) and the other 
programs.

I would invite your comments on these 
remarks.

Dr. Schneider: Honourable senators, cer
tainly this is an area that we are studying 
very seriously now and we certainly hope 
very soon to come up with proposals and 
programs which we would hope the Govern
ment would consider very favourably. This is 
a situation which has come upon us rather 
quickly. As you can see, in the past we have 
had this chronic shortage of research-trained 
manpower. We have had to recruit most of 
our people from abroad. Now, for the first 
time, we are beginning to graduate enough 
research-trained manpower, so that now we 
can really do something.

I think the problem here is to find out why 
things are not opening up faster in industries. 
We have to get more of this manpower chan
nelled into industry working in areas of 
advanced technology. The problem really is to 
find ways and means of encouraging and pro
moting this objective, and this is certainly a 
problem we are studying very seriously.

Of course, this would also involve other 
Government departments. It is not an easy 
problem.

On the other side of the picture, I would 
not say, as you put it, that the present output 
of Ph.D. graduates is an embarrassment. On
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the contrary, I think this is an opportunity. 
Certainly we have had too few of those peo
ple in the past. Certainly, also, a lot of those 
will, I think, go into the other educational 
fields, such as community colleges and so on, 
and it may be even into high schools, which 
might be a good thing.

Also, in the past, there really has been no 
competition for a position. Every graduate 
during the past ten years was immediately 
offered perhaps half a dozen jobs to choose 
from. There has been no competition for any 
of those positions. Now, for the first time, 
there might be some competition, which may 
not be a bad thing.

By and large, I hope that some of these 
resourceful people, well-trained, will become 
scientist-entrepreneurs and perhaps start up 
their own industries.

I certainly would not regard the number as 
an embarrassment.

Also, as I have pointed out, there is quite a 
number of foreign students in this group. I do 
not think we are anywhere near producing too 
many Canadian Ph.D.’s. Of course, in the 
past, we have had to rely very largely on the 
supply of foreign-trained scientists, through 
immigration and recruiting abroad. We have 
gained tremendously by this, and I suppose it 
is reasonable that we are prepared not to 
train some foreign students in Canadian 
universities.

By and large, the number of Canadian 
Ph.D. graduates is not an oversupply and, of 
course, this varies in different disciplines.

I agree with you that the NRC will certain
ly be taking initiatives to try to find ways and 
means as to how these directions I have 
indicated might be promoted and encouraged, 
and we certainly will be coming up with 
proposals.

Senator Lang: If I may still have your 
attention, Mr. Chairman, I would like to 
direct a few questions to Dr. Schneider, and I 
hope I am not labouring a point.

I would like to revert to my reference to 
the article in Minerva, written by Dr. Rudd, 
where it is strongly suggested that expendi
tures on pure science are not in the best 
interests of at least the economic development 
of any country and, in this case, he is specifi
cally referring to Great Britain. However, I 
imagine this applies even more to Canada.

Dr. Rudd in his article states:
(1) Those figures which have so far 

been published for the research and 
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development expenditure of industrial 
countries show no relationship between 
the level of research and development 
expenditure and the rate of economic 
growth.

(2) Discoveries in pure science do not 
necessarily stimulate the production of 
inventions ...

(3) The purchase of “knowhow” by a 
firm or even a country can play a more 
important part in technological advance 
than the firm’s or the country’s own 
research and development.

I suggest, Dr. Schneider, if there is any 
merit whatsoever in these observations, that 
perhaps the course the NRC has been follow
ing in connection with the expenditure of 
public funds on pure science, either in house 
research or universities, may very well have 
been a misapplication of funds. May I have 
your reaction to that?

Dr. Schneider: First of all, I think this 
question has been studied a great deal, as you 
know, by OECD—the Organization for Eco
nomic Co-operation and Development—in 
recent years. The difference, for example, 
between industrial development and industri
al innovation in Europe and in the United 
States is that Europe did not really perform 
as well in the application of industrial exploi
tation, even though it is true there is a very 
competent fundamental science in Europe. 
Now, I believe it would be inaccurate to say 
that you could have a strong industrial 
science without also having some basic 
science, or what we have called a strong 
indigenous science. If you look at any 
advanced industrial country you will see that 
they have this. If you do not have this strong 
indigenous science and some good scientists 
who are in contact with front-line science 
who know what is going on elsewhere then, 
of course, you cannot have the other either. 
They would not be able to assimilate the 
science that is being developed elsewhere to 
exploit it for their own purposes. That is one 
side of the story. On the other side, the ques
tion of industrial innovation raises other 
problems. I do not feel that you can have a 
strong industrial country without having a 
strong indigenous science as well, because 
they go together. However, you could have a 
strong science without having industrial 
exploitation and this, of course, is what Euro
pean countries, as well as Canada, are wor
ried about. There are many other problems
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here; in other words, if you simply hope to 
live on imported and second-hand technology, 
you are always going to be well behind.

I feel that you need this strong indigenous 
science to have a competence in front-line 
science, but then you have to build up the 
applied sceince. You have to make sure that 
there is sufficient communication so that the 
pure science backs up the applied science.

Now, for many reasons we have not suffi
ciently developed our applied science, par
ticularly our industrial research, and this is a 
problem we have to cope with now. We must 
find ways and means to do something about 
it.

In regard to universities, you mentioned 
the NRC grants. As I previously mentioned, 
there has been a very serious shortage of 
research-trained manpower in Canada. I 
think these policies, in order to build up uni
versities, were national as well as provincial, 
and they are not decisions that the NRC can 
necessarily make on its own. The decisions 
with respect to developing universities are 
provincial matters, and the National Research 
Council’s role is simply to help develop the 
research along with the graduate training of 
research manpower.

Perhaps someone else would like to add 
something further.

[Translation]
Professor Louis-Philippe Bonneau, Member 

of the National Research Council and Vice- 
Rector of Laval University: Mr. Chairman, 
could I add a few words to what the Presi
dent of the Council has just said?

Perhaps there is also in the mind of a cer
tain number of persons a slightly false idea 
about the amount of money, or if you prefer 
subsidies, which will support this so-called 
pure research.

If we examine even slightly where the 
money is directed, we can realize that, in 
many cases, subsidies are really granted for 
so-called applied research, although the 
Council may have given to Ottawa a perhaps 
slightly false idea in this respect, because the 
laboratories which made the headlines are 
probably science laboratories where research 
was in this so-called pure science.

It has quite often been forgotten that an 
important part of the budget of the laborato
ries situated on the Montreal Road has played 
an extremely important role in the develop
ment of what is called Canadian technology. 
When we consider natural sciences, we must

realize that the Council, even if it gave the 
impression that it supported pure research 
above all, has nonetheless given considerably 
to applied research. This applied especially to 
research in universities and more particularly 
to engineering. I remember that, in 1954, the 
President at that time had convened a meet
ing of deans in civil engineering, in electrical 
engineering and of deans of engineering 
schools to try and stimulate this research. 
This was done, and I believe that we have at 
present a situation where the deans of engi
neering schools are extremely strong in their 
requests. All this comes from the fact that the 
Council did a great deal to develop this 
situation.

I think this is the starting point.
The problems are whole and extremely 

difficult, but I believe that we should not 
display masochism and complain that we did 
not do what should have been done. I believe 
that this was a great effort.

Senator Connolly (Ottawa West): Have you 
any examples?

Professor Bonneau: Certainly. In engineer
ing, you have, in the majority of universities, 
very strong schools. I am thinking in particu
lar about such sectors as electrical engineer
ing at the University of British Columbia, 
which is recognized at the international level.

Many other sectors across Canada could 
also be considered as very good engineering 
sectors. I am thinking, for instance, about Dr. 
Patterson’s Institute of Aerospace Studies in 
Toronto, which is also one of the great 
laboratories in the international field.

Point-blank, it would be difficult for me to 
give you the whole series, but if a survey was 
made, it could be found.

[English]
Senator Lang: I have no intention of trying 

to monopolize the committee’s time this 
morning, Mr. Chairman. I would like to 
direct a request to Dr. Schneider that arises 
out of my perusal of the Montreal Gazette 
this morning where I read an account of the 
exploitation by a company in Smiths Falls of 
a device developed by the NRC to measure 
low voltages; I recognized it. It was referred 
to in this supporting brief. I should like to 
emphasize to Dr. Schneider that we, in this 
committee, are all laymen in assessing per
formance of an agency such as yours, and we 
have to deal with rather pragmatic considera
tions. I think, therefore, that because of our
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interest in your agency and our lack of back
ground knowledge, we would appreciate fur
ther expansion in some of the matters 
referred to in this supporting brief. Particu
larly, I note at page 38 there is a reference to 
patents, new industries, technologies and pro
cesses developed by or under the aegis of 
NEC. Again, further on, there is a list of 
some significant projects, amongst which is 
included the device which I referred to as 
being mentioned in the paper this morning. 
These are very cursory in their content, and I 
feel it would be of great value to this com
mittee if someone in your establishment, Dr. 
Schneider, would be prepared to set out, for 
the information of our committee, say, all 
projects completed within the last five years, 
in order to give us some sort of empirical test 
with respect to the operation of NEC during 
that time. I would not expect this from any 
witness today, because this would involve a 
considerable amount of research, and I 
appreciate the time that would have to go 
into it. We are also, I think, Dr. Schneider, 
interested in learning not only of the specific 
projects that have evolved because of NEC, 
but we are also interested in learning how 
they came about, where they were conceived, 
how they were developed—in house, out 
house—who were the people involved, 
through what chain of command did they 
come about; and, incidentally, to try to show 
to the committee perhaps what may lie 
behind a reference to some chemical here 
which was developed by the NEC and which, 
through one reason or another, either com
petitive interests outside or some other rea
son, failed to gain commercial application. 
These are very specific, non-esoterical mat
ters that I think could be of great interest to 
us, if you would be prepared to spend the 
time and trouble with your staff to develop 
this for us. I think that in this way we could 
get a more exact evaluation of your 
performance.

Dr. Schneider: We would certainly try to 
provide the committee with this information. 
I should point out that if you say a project is 
“completed”, research is not something that is 
turned off and on over a short time interval. 
This is usually fairly long-range exploratory 
research, and very often some new idea 
comes out, such as this very new potentiome
ter, and the people in this area suddenly seize 
on this and then develop it. Many of these 
projects are not going to be “completed”, let 
us say, if you only consider the last five

years. Some may still be going on, although 
there has been some progress which has been 
very beneficial, and many of these studies 
will continue to go on. I think we could 
attempt to document these, although we can
not provide this information this afternoon.

The Chairman: I think what the senator 
wants is a case history of your projects, and I 
am sure you have that somewhere in your 
files, because you have to monitor all these 
projects. So, it might be a problem of compil
ing these things, but as far as we are con
cerned, I think it would be of great interest.

Dr. Schneider: I might just add that very 
often it is very difficult to assess many of 
these in the short term. Eesearch needs a lot 
of lead-time it is a long-term affair; and we 
have wrestled with problems of cost-benefit 
analysis, and so on. In retrospect, for some
thing done many years ago, you can now see 
the economic benefits. One has to trace these 
through the various sub-channels, but I 
believe this can be done in retrospect and we 
have people working on it, to try and assess 
things we did some years ago; but with 
regard to things completed in the last five 
years, the economic benefits are just begin
ning to be apparent, and it is very difficult to 
project this into the future.

So, I think the whole question of the eco
nomic benefits is a very difficult one to assess, 
but we are attempting to document this for 
some of the things we did, say, 10 or 20 years 
ago, and which are now in use—and some of 
which are paying off very well.

[Translation]
Professor Bonneau: I could add two exam

ples which come to mind—one rather recent, 
the other much older, in line with the Sena
tor’s question.

The first concerns a submarine television 
set.

At the time—this was at the beginning of 
the 50’s—submarine television was completely 
new, and there were enormous technological 
problems.

For a specific reason, the Council had devel
oped a set; it was available and was offered, 
in a general manner, to the Canadian market. 
It was manufactured afterwards in England. 
The Canadian market, at that time, was not 
interested in it.

Much more recently, a photogrammetry 
instrument, developed in the Council’s 
laboratories and nearly perfected, was finally
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produced in Italy—here again the Canadian 
market, or industry, was not interested. I 
believe this is also on the list suggested by 
the Council.

This will happen again, because I believe 
we have here the key to the problem, in 
many cases of research and development. An 
idea nearly reaches maturity—the point is 
reached where the laboratory cannot handle 
it any more, and it falls flat, or it is found 
elsewhere, in other countries.

[English]
Senator Connolly (Ottawa West): Could I 

ask you on that point, in English—and this is 
a supplementary question, Mr. Chairman, if I 
may. ..

The Chairman: Just because you are a for
mer Leader of the Government, I will permit 
it.

Senator Connolly (Ottawa West): In either 
case, in either of those devices, was there a 
patent taken out either by NRC or the organi
zation that put them to practical 
development?

Dr. Schneider: I am sorry, I did not hear 
the question.

Senator Connolly (Ottawa West): Did NRC
take a patent on those processes, or did the 
developers take patents?

Dr. Kenneth Franklin Tupper, Vice-Presi
dent (Scientific) National Research Council:
NRC did take patents.

Senator Connolly (Ottawa West): So that
there is a return?

Dr. Tupper: Yes, there is a royalty. The 
royalty goes to the Canadian Patents and 
Development Company, which will be 
appearing before the committee at a later 
time.

Senator Aird: Mr. Chairman, Dr. Schneider, 
I would like to ask a question that relates 
like to correlate that question with page 1 of 
your very large submission.

The first sentence on page 16, item 8, reads:
Finally, I should like to comment on 

the future role of the National Research 
Council in the evolving national frame
work for science. Under its Act, the 
National Research Council was set up as 
an independent agency of the federal 
government with a broad responsibility

for science. With the recent establishment 
of the Science Secretariat and the Science 
Council, both with strictly advisory roles, 
the National Research Council continues 
as the main operational agency in the 
science area.

That is my first reference. I should like now 
to shift to your other statement in the large 
brief.

The Chairman: At what page, Senator 
Aird?

Senator Aird: Page 1, Mr. Chairman:
The broadly representative character of 
the Council itself, as well as a strong 
cadre of advisory and associate commit
tees, provide the Council with the board 
and detailed input necessary for decision
making and policy formulation on all 
aspects of scientific research in Canada.

What I believe this committee is concerned 
with, Dr. Schneider, is not only the future 
role of science policy but also the present 
role. We are concerned, I think, with man
agement and priorities. So what I would like 
to have discussed by you is the mechanical 
interrelationship of the Science Secretariat, 
the Science Council, and the NRC. What I am 
seeking is the trigger in the decision-making 
process. What is the management? Because, 
sir, if you take this sentence that I have read 
from your large brief at its face value it 
would seem that the NRC discharges that 
function adequately at the moment. In fact, 
the first thing that occurred to me when I 
read that sentence was that there probably 
was no necessity for this committee at all. 
That is putting it fairly bluntly, but this is 
the area about which we are concerned. We 
are concerned about priorities and manage
ment. I would like to hear your comments on 
that general statement.

Dr. Schneider: Thank you. May I, first of 
all, correct a misprint on page one of the 
larger report. That phrase should read “pro
vide the Council with the broad and detailed 
input necessary”; the word is not “board”. 
That is a misprint.

Since you have also alluded to this commit
tee I should like to say that I think it is 
serving a very useful role for the scientific 
community, if not for the Government. Look
ing at it from the point of view of the scien
tific community, I think it does provide a 
public forum where many of these issues can
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be discussed, and this is something that is 
needed because, as you know, it is very diffi
cult sometimes to get a consensus in the 
scientific community. In this committee you 
will hear all sides, and everybody has a 
chance of making his case, and then I think it 
is easier to arrive at a consensus.

On the question of the relationship between 
the National Research Council, the Science 
Secretariat, and the Science Council, I would 
mention that the specific roles of each are 
laid down in a statutory way. In practice, the 
Science Council concerns itself specifically 
with broad policy formulations. Of course, the 
Science Council has not been in operation all 
that long. They are still working hard at it. 
We do not yet have a complete integrated 
overall science policy emanating from that 
body, but this is the intent.

These science policies, presumably, will be 
formulated in rather broad terms. In other 
words, these are the desirable directions for 
us to go. Beyond this there still has to be 
decision-making, and decision-making involves 
not only deciding that these are good things 
to do and that they have high priority, but 
also the finding of funds.

This is not, of course, a case of the NRC 
deciding something is good and then going 
ahead and doing it. There has to be consulta
tion within the Government structure, and 
ultimately it means decision-making at the 
Government level. Once the general policy 
framework is there then certainly any pro
grams that the NRC develops must be consis
tent with the broad policy objectives.

Of course, if there is a vacuum and there is 
no policy, and yet there is a national need or 
a very urgent need, we will endeavour to try 
to do something about it. I think it is entirely 
proper for the Council to take the initiative 
where they see new opportunities or an 
urgent need to do something. Then, if it is a 
major program and it involves major expen
ditures, it will again go through the usual 
Government channels in respect of 
decision-making.

But, on the whole, as I see it, and as we 
succeed in developing a more integrated over
all science policy then I certainly think any 
operations which the National Research Coun
cil carries out must be consistent with those 
overall objectives.

I might say that I have been recently 
named as a member of the Science Council, 
so I should be completely knowledgeable in

my thinking there, but on the whole there is 
the fact that some of the members of our 
Council are also members of the Science 
Council. So, there is this overlap of informa
tion, and I think we can work together very 
closely in this way.

With respect to the Science Secretariat 
there is again a very close co-ordination. We 
are in almost daily contact. Of course, the 
role of the Secretariat is somewhat different 
from that of the Science Council, but we do 
have frequent consultations in an endeavour 
to work together towards common objectives.

Senator Connolly (Ottawa West): Does the 
Science Secretariat work under the direction 
of the Science Council?

The Chairman: Not yet.

Dr. Schneider: The Science Secretariat 
works in the Privy Council office, and pre
sumably reports to the Prime Minister.

[Translation]
Senator Bourget: Dr. Bonneau was speak

ing, just now, about pure research and applied 
research. While reading the report submitted 
by the Canadian Engineering Institute to in
dustrial organizations, I notice on page 10 the 
mention that Canada spends ten times more... 
and the United States and Sweden are men
tioned—in this report of the Canadian En
gineering Institute, the committee of which 
Dr. Bonneau was a member—it was recom
mended that more money be given to applied 
research than to pure research. Could you 
give me your opinion?

Professor Bonneau: Mr. Chairman, I think 
this is the meaning of the question: Senator 
Lang had set the problem, it seemed to me, 
in a way which led to believe—-and this is 
how I understood his intervention—-that the 
Council had done much more, and nearly 
exclusively, research in the so-called pure 
sciences. I have tried to show that the situa
tion was much larger than that, and that 
there had been much research, in certain 
cases, on the applied side; but this applies 
solely to the Research Council, to its activities 
in the laboratories, and to the subsidies it has 
granted across Canada, especially in the uni
versities. The fact remains that the basic 
problem is perhaps not there; but, what has 
been set forth remains, in the industrial 
sciences,—legislation by the federal govern
ment to promote development in industry. We 
could have laboratories which will supply
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many ideas which we would later carry out to 
their usual development. If our legislation 
—our policy—is not such that these ideas can 
be developed in our country, as in the two 
examples I have mentioned, these products 
will be found again on a foreign market, and 
we will buy them there.

This percentage of 13 per cent, which has 
not changed since 1959-1963, and which will 
not change until 1977, is very symptomatic of 
our structure, where development was car
ried out in Canada—with a few exceptions. 
This is the general idea of the report you 
mention and which had given rise to discus
sions on the efforts to be made, especially in 
research and development—and more par
ticularly the development aspect, which is 
usually carried out in local laboratories—per
fecting, market research, production prob
lems and problems of introduction on the 
market, with consumers’ reaction. This is 
how, for example, we have succeeded in pro
ducing a better egg-beater than we had 
before and in selling it on the market. The 
whole industry grows with this kind of con
tinual technical input.

Senator Bourget: Does this situation mean 
that the financial aid, which is granted to 
research, is not large enough on the industrial
side?

Professor Bonneau: Many people will say 
so. Is this the key to the problem? Personally, 
I would not say so. There are many other 
fields referred to in the brief—not just this 
one. Money might have been used to advan
tage, perhaps, in promoting research in 
industry. We might also have put to good use, 
in Canada, the results of successful research 
conducted by neighbouring nations rather 
than promoting our own. There is a whole 
structure to be built. We are beginning to 
recognize the real problems. Ten years ago, 
people were crying in the wilderness. Today 
we recognize the problems, we are able to 
cope with them. I feel that the brief to which 
you allude and the present brief are both 
heading in the same direction.

Senator Bourget: In the Glassco Commis
sion report, reference was also made to a 
certain aerospace company which had not 
received financial assistance or that it was not 
adequate enough to our industry to continue 
in research. This is why I raise the following 
question. Is financial aid to industry, that is, 
financial aid extended for pure research, 
inadequate?

Professor Bonneau: I do not know whether 
the question is applicable as regards subsidies 
for pure research; I would say no. The basic 
fact is that pure research must be subsidized. 
There is no way of constructing a good, 
autonomous, autochthonous technology with
out that basic reserve of scientists who know 
something about metals and other matters 
important for technology. But above this 
foundation, a structure must be built; in this 
respect Canada at the present time has next 
to nothing. But when we look at the field of 
pure research we can be rather proud; we no 
longer have the right to hold reservations 
regarding our efforts in research, efforts 
which are highly interesting and autonomous 
in Canada. It is in the small sectors, or per
haps an average sector, that the question 
arises and yet it might be admitted that 
Canada is perhaps not too badly off in this 
area. But, on the level of research and de
velopment in industry, the picture is much 
grayer, if not black.

[English]
Senator Grosart: Dr. Schneider, I am sure 

that you and your associates appreciate the 
fact that in this committee we, by our terms 
of reference, are concerned largely with the 
mechanisms of the making of science policy 
by the central government. From the evidence 
we have had this would seem to involve the 
two main questions of science in policy and 
policy for science. You have answered some 
questions on the first part, but I think Senator 
Aird’s concern, in its broadest terms, is whom 
the politicians should listen to.

I say that because we are talking of deci
sion-making. There is decision-making at all 
kinds of levels. The National Research Coun
cil has made a very substantial policy deci
sion in what you call the main operational 
agency in the science area. I am not criticiz
ing your decision; I am merely saying that as 
I understand it your decision seems to be a 
policy decision in this main operational area, 
that of the sums available to you of, say, $120 
million, leaving out the Medical Research 
Council, $45.8 million goes into intra-mural 
research, $51.4 million into R. and D in uni
versities, and $6.1 million into support for R 
and D in industry. I am suggesting that this is 
a policy decision.

I wonder if it will, in the future, meet the 
problems that have been raised if the Nation
al Research Council continues to be the poli
cy-making body in this area. As a layman 
looking through your projects, hundreds of
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them, I could not tell you what most of them 
are, they are in technical language. I am 
sure this applies to the ultimate decision
makers at Cabinet level. How do they know 
that some of these things are not errors or 
ill-advised? This is one part of the question.

If the National Research Council is not to 
make these decisions, who is? You have said, 
of course, that these things are discussed with 
the departments, with the Science Council 
and with the Science Secretariat, and no 
doubt many others, but are not you usurping 
a policy-making decision in doing these 
things? I am not saying you should not usurp 
it. My point is that the decision-maker in a 
society such as ours has to be a political 
entity which has to take the responsibility. If 
any of these projects of yours prove to be, 
say, ill-advised, some politician may get his 
head chopped off. This has happened in our 
political experience in the last few years.

My first question therefore is: can you tell 
me how you would suggest this input of 
science into policy-making could be carried 
on in a more efficient way than it is at the 
moment? In relation to that question I hope 
that Senator Hays will give you some horrible 
examples, which I would like to hear you 
comment on, of things that happened in the 
department when he was minister. He told us 
in this committee of things that were utterly 
absurd, a waste of public money—and he 
used that term—and he said he could not stop 
them as minister. We asked him why and he 
said, “Well, the civil servants told me they 
would be here a long time after I had gone.”

Senator Connolly (Ottawa West): That is no 
longer true.

Senator Grosart: I am not worried about 
the past really; I am just taking this as an 
example. Obviously you have had to fill a gap 
over the years.

Senator Aird: We are worried about the 
present.

Senator Grosart: I am worried about the 
future, because this is our job in this commit
tee. You, as I understand it, suggest to the 
Government what should be science policy, 
how it should be made, and how it should be 
controlled. Can you suggest to me from your 
vast experience how the National Research 
Council can fit into this or where it should fit 
into this?

Dr. Schneider: This is a very big question, 
and a very important one. I have some

thoughts on it, but first I would like to let Dr. 
Tupper reply.

Dr. Tupper: Mr. Chairman, I think we 
must distinguish here between the making of 
a policy and the implementing of it. Senator 
Grosart has read off the sums of money being 
spent in certain sectors, and I think the 
implication of his question is that the Nation
al Research Council took the decision as to 
what fractions of this total money should go 
into each of these sectors. This is not the case. 
The sectors have been identified, in many 
cases years earlier, as sectors worthy of fed
eral support, so that money has been allocat
ed to these programs. In the case of industrial 
research assistance programs, it dates from 
1962, and is not as old as university support 
programs, or other programs which are quite 
varied and which are described as intramural 
programs.

Senator Grosart: May I interrupt you? I 
was interested in noting that in the case of 
the industrial assistance program you went to 
Cabinet, gave them certain advice, and wait
ed until they got an order in Privy Council. 
Do you do this with a large percentage of 
these programs? Why did you pick out this 
one to go to the Cabinet?

Dr. Tupper: I cannot answer the question 
as to why that was picked out to go to Cabi
net. I was not with National Research Council 
at that time. Dr. E. W. R. Steacie, the presi
dent at that time, has died and only he could 
have answered that particular question. The 
point I am making is that in general the 
proposals of the council are put forward 
through their minister to the Treasury Board, 
and they have to compete for the funds avail
able. The decision as to how much will go to 
the National Research Council, and, indeed, 
how much will go into each of these individu
al programs is not taken by the council. It is 
taken by the cabinet committee known as the 
Treasury Board, and they take the decision in 
preparing the estimates which are tabled in 
the house. They consider the importance of 
these activities in their own minds. When it 
comes to the implementation of the policy as 
to whether Professor X should get a grant for 
his work in physics or Professor Y should get 
a grant for his work in biology, this comes 
within the terms of reference and the 
capabilities of the Council.

I think honourable senators will be 
interested in knowing that there is a profound 
change going on at the present time in the
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process of decision making and the allocation 
of funds. This goes by various names; it is 
generally called program planning and budg
eting. Here all the things that the federal 
Government does are confined into a fairly 
small number of sectors, relations with coun
tries abroad is one sector, defence is one sec
tor, economic measures is one sector, social 
measures is one sector. I believe there are 
less than 10 of these altogether. Decisions as 
to allocation of funds may first be made by 
sector, then the individual sector is broken 
down by various programs of activity. This is 
going on at the present time, so that decisions 
as to how money is spent on science are not 
made by the National Research Council until 
many more important decisions on the rela
tive importance of programs have been taken 
by the government of the day.

This perhaps has not disposed entirely of 
the senator’s questions, but I think it is fair 
to state that on science policy, so far as NRC 
activities are concerned, the arrival of the 
Science Council or Science Secretariat is a 
fairly recent event. The council has each year 
to take some action and to exercise its re
sponsibility, always recognizing that the 
minister carries the ultimate responsibility 
for the spending of this money. To this pres
ent date any indication as to the relative 
importance of things or the formulation of an 
overall science policy has not emerged from 
the Science Council. We have still to be re
sponsible for our ongoing activities on the 
basis of our own judgments. This is a ques
tion to which one could speak at very great 
length, and I will be happy to amplify my 
remarks if it is necessary.

Dr. Schneider: I would add something to 
this; there are a number of areas where we 
have separate parliamentary votes. For exam
ple, industrial research comes under one par
ticular vote; university research and scholar
ships comes under another. When you speak 
about decision making, this must be kept in 
mind. We cannot, when the votes are estab
lished, make decisions involving the transfer 
of money from one vote to another. As Dr. 
Tupper explained the programs are present
ed, the case is made, and there is decision 
making which is outside the council. Once 
these votes have been established, we have to 
make decisions within these votes, and we 
have to take the responsibility of making the 
best use of this money.

Senator Grosarl: I am not too concerned 
with the fact of decision making within the

science area by the National Research Coun
cil, but I am concerned with the first phase of 
science policy making by a government, that 
is the input of science into the broad deci
sions as to policy. I wonder, for example, 
who took the political responsibility for these 
broad funding decisions or whether the politi
cal decision makers knew it was going to 
wind up in this breakdown of $45.8 million, 
$6.1 million, $51.4 million between in-house, 
industry and universities, because a minister, 
Mr. Drury, is now saying this breakdown is a 
serious problem. In a speech he made recent
ly to the Chemical Association in September, 
which I think summarized the problems of 
the Government on policy making, he said:

I suppose the most fundamental ques
tion to be answered is what level of 
research effort the nation should 
support—

And the second is:
.. . the distribution of the scientific effort 
between basic and applied science.

We are in the year 1968, and a minister, 
despite 50 years of experience with National 
Research Council says “We now have to find 
the answer to the vital questions of govern
ment science policy.”

It is rather interesting what he says about 
distribution of our scientific efforts between 
basic and applied science. He describes it as:

... between the generation of a new 
knowledge and the practical application 
of the vast pool of scientific and technical 
information which already exists. At 
present, our overall science effort is 
preponderantly—

And here he is talking of the whole national 
effort—

—in the research area whereas develop
ment activity which is the immediate 
precursor of commercial exploitation con
stitutes only 37 per cent of the total. For 
a nation whose industrial development is 
still in the evolutionary stage, it would 
seem that greater emphasis should be 
placed on the exploitation of technology 
and our research effort should, in the 
main, be directed toward supporting this 
objective.

Now, you have endorsed this in your brief, 
and in those of your speeches which I have 
read. But again I come back to this question 
of how do we or how should this committee
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recommend that this bridge be crossed 
between the input of science and political 
policy making. I don’t readily see the answer 
when I see the minister going on to say the 
third big problem is the allocation of our 
scientific effort as between the public and 
private sector, and then that we may need a 
specialized agency within the Government. 
The next one is the role of the Government 
laboratory. Most of all of this is directly con
cerned with the role of the NRC in this future 
complex of political policy-making.

The minister refers to the Engineering 
Council recommendation, and then comes 
back to what he calls the most fundamental 
question. He is talking of the industrial front. 
He says the most important policy question is 
the financing of industrial research and devel
opment by public funds and the most effec
tive means of applying those funds.

Can you comment on the role of the NRC 
in the future, in helping the decision makers 
to answer these questions?

Dr. Schneider: This is a very broad prob
lem and one that will always be with us. For 
example, decisions on how much money 
should be put into basic research and how 
much into applied research, and so on.

As far as industrial research is concerned, 
the Department of Industry also has been 
involved and we maintain very close contact 
with them.

The big problem is, what is the best way? 
We obviously have a problem here. We want 
to promote and encourage more industrial R 
and D, and more industrial innovation. The 
industries apparently are not able to do it 
themselves, they need some kind of help, 
some kind of incentive. What is the best way 
to do it?

There are several programs and I think it 
is clear now that these are not going to be 
sufficient, that more has to be done.

Therefore, the first step is to review what 
we are doing. What are the problems? Why 
are they not effective? What more is needed? 
What kind of program? Certainly, a tax 
incentive program is one way of doing this.

Also, it comes up time and time again, that 
there is no use in doing a lot of industrial 
type research in Government laboratories or 
universities if the industries are not there to 
take it up and exploit it. Ultimately, this has 
got to be in industry, so we might say per
haps that we should in the first instance try 
to encourage more of this in the industrial

laboratories and then they are in a position 
immediately to exploit it.

What kind of programs do we need for 
this?

We must do more comprehensive studies 
than in the past. We have started on this and 
will be working with the Department of 
Industry on this.

We need to look at this whole question very 
seriously, as to how we can promote and 
encourage this kind of development in 
Canadian industry to build in more advanced 
technology, because if they do not involve 
themselves with more advanced technology 
now, they will be in trouble and lose out, and 
that may mean getting a certain amount of 
secondhand imported technology from out
side, but we will not be leaders in anything.

I consider this has to be one of our most 
urgent problems at the present time. This is 
not an easy problem. It is not so much a matter 
of what we spend in fundamental research 
and applied research but rather how we can 
get some of this activity into industrial 
laboratories, to be undertaken by industry. 
University laboratories, Government labora
tories, can give a great deal of backup 
assistance on that, but when you get into 
project development, innovation and exploita
tion, this is best done in the industry.

Senator Grosart: I can specify examples I 
am concerned with in this. Taking this $51.4 
million which has gone to the universities, 
here we are in an area of political decision. 
We decide that post secondary education is 
not “education” for constitutional purposes. I 
am not criticizing that decision. But this is a 
sensitive area.

You decide to put about half your money 
into support of universities. I do not criticize 
this, but I say “Are you not treading on dan
gerous ground when you assume the responsi
bility of making this kind of decision?”

Dr. Schneider: Again, let me correct this, 
because the funds that are voted for extra
mural support of universities research and 
scholarships is an entirely separate Vote, a 
separate program, and has to be assessed on 
its own merits. Once money has been 
approved for this, this money can be spent 
only for these purposes. So, this is not a 
decision of the Council. There are a lot of 
other factors.

The Chairman: You are really at the begin
ning of the decision-making process when you
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apply to Treasury Board for the approval of a 
certain program. In other words, whereas 
ultimately your programs have to be 
approved by Treasury Board, by the Govern
ment of the day, and by Parliament, at the 
beginning you do have much to say as to the 
allocation of resources.

Dr. Schneider: When we submit the Esti
mates, and since this is an external support 
program, we make the case on the basis of 
demonstrated need. Of course, this was also 
the policy not only of the federal Government 
but of provincial governments as well, to 
strengthen and build up universities, so that 
we would have more trained manpower.

I should point out that we support only 
graduate research: we are not concerned with 
the undergraduate programs.

The growth of the universities has been 
such, and the number of students has been 
such, that there had to be this escalation in 
this program, because we still had a continu
ing shortage of manpower.

We have come to a stage now where we 
have to look at this. Unless there are many 
more opportunities opening up in industrial 
research and applied sciences, there may not 
be the same justification for the kind of 
increases we have had in the past.

Senator Grosarl: I am not making any 
objection to the support you have given to 
universities, in any way, shape or form. But 
what would be the answer, if the question 
were raised: “Why are the respective propor
tions of public money going into these three 
main sectors in Canada so different from that 
in other countries?” For example, we are the 
lowest of all the OECD countries in public 
founding of industrial research, I understand.

Dr. Schneider: I mentioned this before, and 
perhaps we should understand the particular 
situation in industrial research. Beyond that, 
I should say I do not think the comparisons 
with other countries should be taken too 
literally.

For example, this is a country with tremen
dous national and natural resources, so natu
rally the first step is to develop these—and 
this is why we have research in the Depart
ment of Agriculture, in the Department of 
Energy, Mines and Resources, in the Depart
ment of Fisheries, in the Department of 
Forestry and so on. There are tremendous 
natural resources to develop. Of course, this 
kind of development would not be the kind

that industry would normally do by itself, so 
we have a lot of Government research and 
Government departments specifically related 
to development of natural resources.

Many other countries do not have these 
resources so you do not find these research 
departments in other countries. This explains 
to a large extent why we have in this country 
relatively more research on a percentage 
basis in Government laboratories than in 
some other countries—that, together with the 
fact that we have so little research in 
industries.

This is the picture here. We have certain 
problems, as you know. We have many 
foreign-owned companies, subsidiaries of par
ent companies, where they have been able to 
import quite a lot of technology. This, if you 
like, explains the past pattern but I do not 
think any one of us would agree that this is a 
proper or appropriate or acceptable pattern 
for the future.

Senator Grosart: I notice the suggestion has 
been made that a realistic role for the NRG 
might be confinement to this area of basic 
research or pure research, whatever you like 
to call it. I see you anticipated this, in the 
closing paragraph of your brief. Would it not 
make sense for the NRC now to assume this 
specific role, obtain a grant from Parliament 
for pure research, and confine itself to this?

I do not necessarily mean that you have to 
work in isolation, as you suggested here, but 
in co-operation with others. If the NRC took 
on this one such function, would this make 
sense?

Dr. Schneider: In my view, no. If this came 
about it would be pretty hard to justify the 
existence of the NRC at all because, while it 
was not true in the past, we now have some 
very strong research laboratories and univer
sities doing basic research. Therefore, why 
have an institution which concerns itself only 
with basic research in a government estab
lishment? Even though we do a certain 
amount of basic research—and this is really 
to back up the applied research programs 
that we are carrying out and to enable us to 
have an awareness of front-line science so 
that we can do a good job in the application 
of science and be aware of new opportuni
ties—you have to have some activity in front
line science. It seems to me the real strength 
of the Council would be in bringing all these 
together and taking an overall view of the 
needs of the country. The co-ordination and
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development of programs in the directions we 
want would then follow.

Senator MacKenzie: Mr. Chairman, I 
should just like to correct one impression that 
Senator Grosart gave. He made frequent ref
erence to the Council supporting universities. 
Now, as a former university administrator, 
our quarrel with the Council was that the 
universities did not get anything from the 
Council. It all went to specific research or the 
training of manpower. We did not get 
enough, naturally, even though we did try in 
the early days to get, I believe, 15 per cent, 
or whatever it was, but without much 
success. It is better now. However, I think it 
should be clear that this is not in the report 
of universities on the operation of science.

Senator Grosart: I was taking the statement 
at its face value; Appendix M, page 2, item 6 
reads: “Support of R & D in Universities, 
$51.4 million”.

Dr. Tupper: The Senator should read the 
word “partial” in front of the word “support”. 
The National Research Council’s support is 
never complete support. This is even more 
true in the industrial sector, as you may have 
read. This is a shared-cost program, and I 
think the senators would be interested to 
know that during the first five years of the 
Industrial Research Assistance program, some 
of the funds allotted for it lapsed. In other 
words, more funds were made available by 
the National Research Council than industry 
could take up.

Senator Grosart: What is the position 
today?

Dr. Tupper: We have essentially run out of 
funds during the present fiscal year so we are 
in approximate equilibrium.

Senator Grosart: What percentage of re
quests last year for industrial assistance had 
to be turned down because of the lack of 
funds?

Dr. Tupper: Last year there were none due 
to a lack of funds. However, this fiscal year 
we have had to defer some decisions until 
later in the year, or until we know precisely 
the closing balances.

Senator Grosart: Is a minister of technology 
the answer?

Dr. Schneider: Many countries are experi
menting and have various structures of this

kind. I do not think that any country has 
found the right solution. These are very diffi
cult areas. You have many things to put 
together here, and I think that certainly if 
what we call indigenous science were put 
under a minister of technology it would not 
come off too well. We do have a department 
of industry which has been attempting to play 
the role of a minister of technology. Of 
course, there are various other forms this can 
take. I do not think this question can be 
answered.

Senator Phillips (Rigaud): I should like to 
add to Senator Grosart’s question on that 
point. Would Dr. Schneider say how many of 
the OECD countries have in fact ministers of 
science and technology. I just wish a rough 
idea.

Dr. Schneider: They vary. I believe several 
European countries have something which is 
similar to a minister of science and technolo
gy, but in most of these countries education 
comes under the federal Government. There
fore, there is a minister of education, and the 
ministry of education supports university 
research. The build up of indigenous science 
to train manpower in research very often 
comes under the minister of education. This 
is a continuing support program which, in 
addition, can also include applied science 
projects which can come up through various 
ministers or through the minister of technolo
gy. This would perhaps provide funds for 
projects in universities and industries and 
other laboratories. This is, of course, supple
mental, and as far as the universities are 
concerned, perhaps an additional amount 
over and above what is supplied by the 
minister of education could be allotted.

In Canada, of course, we do not have a 
minister of education to perform this function 
therefore this kind of structure would not 
work.

Senator Grosart: May I make a suggestion? 
It refers to the guidelines prepared by the 
steering committee. Naturally when we 
receive a brief we look at the guidelines to 
see what has been incorporated. There are 
quite a number of questions that we asked 
that are not answered in your brief. I agree 
that you must have latitude as to what you 
are going to answer and what you are not 
going to answer.

On page 9 we asked you to describe the 
process whereby various types of programs
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and projects are selected, initiated and moni
tored. For example, what role do other feder
al agencies or units play in this process, and 
how are priorities established between pro
grams and projects, and in what terms are 
priorities expressed and supplemented? My 
suggestion is that perhaps you could take a 
few case histories and trace for us the deci
sion-making process. They are all decisions 
along this same line, that is, the decision to 
initiate, the consultation with others and the 
clearances all the way up to the time they go 
to the Treasury Board. I believe it would be 
very helpful if you would give us one or two 
cases as examples because some of us are 
wondering, when we look at this tremendous 
list of projects, how the decision was made to 
undertake them. I am not being critical in 
any way; I am just seeking information. If we 
could have a few case histories it would 
illuminate this whole matter. Thank you, Mr. 
Chairman, and Dr. Schneider.

Dr. Schneider: You would like us to pre
pare this information for your committee?

Senator Grosart: Yes, in terms we could 
readily assess.

Senator Cameron: Mr. Chairman and Dr. 
Schneider, I agree, after observation, that it 
arises out of the question asked by Senator 
Lang about the amount of commercial reve
nue. In effect, it has come out of patents 
developed by the National Research Council. 
I think it is very important that we have this 
answer, and I will give an illustration in the 
following way. If you go to the western prai
ries and talk about the work of the rust 
research or the work that was done by the 
NRC on frost resistance and wetness with 
which western farmers are familiar, it is not 
too difficult to sell them on the need for sup
porting this type of thing.

The point I am making arises out of Sena
tor Lang’s question. I would appreciate a 
number of illustrations such as work done by 
the NRC and how it is translated into eco
nomic terms. It would make it much easier 
for the Government to get funds and for 
industrial firms to allocate funds, as well as 
making it less complicated for the public to 
understand where their money is going. I 
think this is a very important question.

The next question I have—and I suspect 
others have the same doubt—is about the role 
played by the Science Secretariat in relation 
to the Science Council. Now, if I can make a 
clear distinction, I think the Science

Secretariat operates on a political level rather 
than on scientific level. The Science Council 
makes the policies, and the Science 
Secretariat advises the Privy Council, and, of 
course, it has a larger role, keeping an eye on 
what is happening in other countries; but 
would you define, very briefly the role of 
these two institutions, the Science Secretariat 
in relation to the Science Council?

Dr. Schneider: First of all, on the first part 
of your question, we have, in the report we 
presented, just given a few examples of the 
kind of thing you are talking about. One was 
the rapeseed problem, the answer to which 
was developed in conjunction with the 
Department of Agriculture by our Prairie 
Regional Laboratory in Saskatoon, which is, 
as you know, now a multi-million dollar crop. 
Of course, one could try to estimate some of 
the economic aspects. It is, of course, still 
expanding. It involves also the whole edible 
oils industry, so it is at least possible to do a 
partial cost-benefit on this kind of thing. But 
there are other areas where this becomes 
very difficult. For example, you develop a 
small modification of an aircraft in our 
laboratories. This goes into use. Certainly, 
this could involve a multi-million dollar situa
tion, but it becomes much more difficult to 
separate out this part of it from all the other 
economic considerations.

On the question of the relationship with the 
Science Secretariat and the Science Council, I 
am not sure that I am competent to say very 
much about this. I think this is a matter 
which is frequently under discussion, but I 
really have no expert knowledge on what the 
relationship is or what it should be, as far as 
the Science Council and the Science 
Secretariat are concerned.

Senator Cameron: We have top scientists in 
the country on the Research Council. Why 
could not a committee of that Council.. .

Senator Connolly (Ottawa West): On the
NRC?

Senator Cameron: Yes—advise the Privy 
Council? I am not clear as to the necessity for 
these other bodies.

Dr. Schneider: This takes us back through 
history. At one time our Act stated specifical
ly that the National Research Council was to 
advise the Government, among its other 
duties, and when the Science Council was set
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up this was removed from our Act, the think
ing being that since we are an operating 
agency, the Science Council not being an oper
ating agency, but a purely advisory body, the 
two functions should be separated, and this 
was the distinction made at that time. So, at 
the moment although we will certainly give 
advice when we are asked for it, we do not 
have the duty to advise the Government.

On this whole question of decision-making 
with respect to science matters, I think at the 
present time we do require some kind of cen
tral focus within Government which, I think, 
has to be at Cabinet level, where these ques
tions can come up, where decision-making 
can be focussed; and it also means they 
would require probably a committee or one 
man who would require some research help. I 
think we have lacked this kind of focus. Of 
course, we do have the Privy Council com
mittee on Scientific and Industrial Research, 
which is composed of a number of very busy 
ministers. I think this is really the problem, 
that Cabinet ministers are very busy people, 
and many of these questions are very 
involved, and unless someone has the time to 
study these, it is very difficult to make 
decisions.

Senator Aird: Do you have a recommenda
tion as to how the Cabinet might be best 
advised?

Dr. Schneider: I do not think I have a 
recommendation. I think this is really a mat
ter for Cabinet to work out. I think that, 
certainly, as a result of the considered delib
erations of this committee it will become 
apparent how complex these problems are, 
and also perhaps indicate some sort of struc
tures which would give this kind of focus for 
decision-making.

Senator MacKenzie: Could I ask a personal 
question, one not particularly relevant but 
interesting? Dr. Khorana received a Nobel 
award recently. Would you not think that 
Canada could possibly claim, with India and 
the U.S., some of the prestige that generated, 
in view of the fact the work for which he 
was given that award was started and carried 
a fair way in Canada?

Dr. Schneider: I think this is a case of a 
very able man who was at the time working 
at the British Columbia Research Council...

Dr. MacKenzie: At the university too.

Dr. Schneider: .. .Not at the university. But 
I think that at the time he very much desired 
a post in the university. Apparently, none 
was available, and the environment there in 
which he was working was not the best.

Dr. MacKenzie: We wanted him, but he 
could not come.

Dr. Schneider: Dr. Khorana did most of the 
important work which led to the Nobel prize 
while he was in Vancouveer.

Dr. MacKenzie: On that campus!

Dr. Schneider: And, of course, the work 
that he has done subsequently at Wisconsin 
has been a further elaboration of this, but all 
the important work was done while he was 
here for about eight years in Canada. It is 
unfortunate we could not have made it profit
able for him to stay.

Dr. MacKenzie: If I could explain that in 
his terms, it was not because there was not a 
post available and it was not because there 
was not money available for him to carry on; 
these had been assured. But he felt that he 
had pretty well exhausted, for him, the pos
sibilities in British Columbia, and it was 
time, in his development and career, that he 
went to another environment in another 
place.

[Translation]
Professor Bonneau: Mr. Chairman, may I 

return to the first part of the question regard
ing the way in which national scientific poli
cies might be oriented towards local or 
regional problems?

The Chairman: Yes.

Professor Bonneau: I feel that the subject 
is an extremely important one and one which 
at present should be introduced very explicit
ly within the legislative system; I do not 
know whether I should expand on this—but, 
right at the moment, it is a very important 
issue.

In the brief, reference was made to two 
cases: the Atlantic provinces and the French 
universities, but I realize that the problem is 
much wider than that.

Reference was also made a little while ago 
to research conducted by the National 
Research Council in the Prairie provinces. 
Here is a clear example of a local project 
which can readily be measured in terms of 
output as we are now able to observe and
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evaluate the crops resulting from our experi
ment. But I should like to suggest that per
haps your committee could also assess the 
importance of our scientific policy on, let us 
say, the location of laboratories attached to 
certain departments. I am thinking of Agricul
ture, the Defence Research Board and several 
others which have laboratories across Canada. 
These laboratories first provide an input for 
the local economy. When there are 1,000 pers
ons working in one of these laboratories, the 
national economy is notably affected; in many 
cases, as we have just mentioned, the region
al economy is greatly boosted as well.

In addition to a national effort towards the 
solution of the major problems confronting 
Canada, I feel that the country would benefit 
from a scientific policy—something the gov
ernment also seems to desire—-by which, ref
erring to the scientific effort of a national 
laboratory, federal laboratories would deal 
with regional problems. In this way, I feel 
Canadian scientific efforts might be remarka
bly strengthened; if not, political disputes 
which could erupt in Canada might, in cer
tain cases, destroy a major part of our scien
tific work, if this work were not already 
spread out across the country.

At present, in a number of instances, we- 
might say that research is being carried out 
in Ottawa but not elsewhere.

I feel here that if we included certain 
guidelines in our development policy regard
ing the establishment of laboratories, an 
important step would be taken towards the 
strengthening and promotion of Canadian 
scientific achievement.

Senator Bourgei: Have their not been 
efforts to decentralize research, to incorporate 
research into our Canadian university system 
as Dr. Schneider mentioned a little while ago? 
Has their not been a more marked effort to 
assist research in our French universities, for 
example? Have laboratories been specially 
established? Has more general financial 
assistance been given to French universities?

Professor Bonneau: I do not feel that we 
can reply in the affirmative to this question if 
we mean that the projects were financed 
because they emanated from French universi
ties. We lately had a project in mathematics 
at the University of Montreal. The Council 
simply chose this department in the Universi
ty of Montreal because it was considered one 
of the best in Canada and because the Univ
ersity of Montreal had a viable programme 
which could be developed.

My suggestion was not entirely along this 
line but concerns a level which, although 
national, would have regional implications, 
that is, would require an effort, as the Coun
cil has done, to recognize regional problems— 
for example, in Halifax and Saskatoon, the 
problems of fisheries and crops—where 
laboratories have important inputs. There is a 
way of doing the same thing for almost all 
the areas in Canada.

Senaior Bourgei: At the present time, do 
you have a programme for the area with 
which we are concerned?

Professor Bonneau: I should not like to 
venture any details today as the projects are 
still in the drafting state and many facts have 
yet to be accumulated; this cannot be done 
overnight; the area must welcome the project 
and bring it to a successful fruition and often 
this is an enormous problem.

[English]
The Chairman: I think that this is an 

appropriate time so to adjourn. I know some 
people have appointments, and they also have 
to eat. We will resume at 3.30 this afternoon.

The committee adjourned.

AFTERNOON SITTING

The Chairman: The meeting is open.

Senator Sullivan: Mr. Chairman, Dr. 
Schneider, my colleague from the University 
of Toronto, Dean Tupper, Dr. Bonneau—I 
know a few of them.

Senator Grosart asked a very pertinent 
question right at the conclusion of his 
remarks to you, Dr. Schneider, and before I 
come to that, it is a pointed question and may 
be a little difficult to answer, but as a medical 
man I am particularly interested in the rela
tionship of the Medical Research Council 
today and the National Research Council.

Is there much medical research still being 
conducted by the National Research Council?

Dr. Schneider: First of all, as far as the 
relationship is concerned between the Medical 
Research Council and the National Research 
Council, as you know the Medical Research 
Council was formed, or set up by the Nation
al Research Council initially.

Senaior Sullivan: Yes.
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Dr. Schneider: Up until this summer the 
Medical Research Council reported through 
the National Research Council, but has pretty 
well functioned as an independent body and 
had its own Parliamentary vote.

The Chairman of the Medical Research 
Council throughout this time has been a 
member also of our Council and we have had 
the closest relationship and liaison with re
spect to our programs and policies and so on.

Now, when you get to the area of let us say 
biological sciences which, of course, are of 
interest both to the medical profession and 
also to science generally, there is always 
going to be an area of overlap and this we 
have sorted out amongst ourselves. Research
ers in universities can, of course, apply to 
both bodies if it is in the area which is nor
mally supported by either of these Councils 
but by and large university professors who 
work, let us say, within a medical school 
would in the first instance apply to the Medi
cal Research Council.

Senator Sullivan: Not the National Re
search Council?

Dr. Schneider: Not the National Research 
Council; some of them do, but then we dis
cuss this and we consult with the applicant 
in order to iron this out.

There will be areas, you see, that are not 
normally covered by the Medical Research 
Council; let us take, for example, medical 
engineering, where work might be done in a 
university engineering school. In those cases 
they may apply both to us and to the Medical 
Research Council.

Now, of course, very often in this research 
group there is also additional work going on 
which is not necessarily medically oriented 
which we would support in the normal way, 
but in some cases the Medical Research Coun
cil, if they feel this is of special medical 
interest, might also consider his application, 
but this is done in mutual consultation.

Senator Sullivan: Thank you; on page 3 of 
your brief, Dr. Schneider, you say: “...be
cause of the unpredictability of scientific dis
covery new scientific advances cannot be 
planned or centrally directed.”

Well, who directs it if the National 
Research Council doesn’t?

Dr. Schneider: Well, I think we are talking 
here about completely unoriented or curiosi
ty-motivated research, not applied research.
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In this case you cannot decide what a man is 
going to discover in advance; all you can do 
is assure yourself that this is a very compe
tent investigator, that he has some good ideas 
and all you can do is then decide whether to 
support him or not, but you cannot direct his 
work.

Very often, of course, the most exciting 
discoveries, arise by chance from things in 
the course of a man’s work; he started out to 
do something else but in the course of this 
work when he gets probing he hits on some
thing else quite unpredictably.

So one cannot really plan this; he makes a 
proposal to us of what he plans to do and if 
this sounds like a good idea and he is a first 
rate researcher he will get support, but after 
that we pretty well have to leave it up to him 
and have confidence in him that something is 
going to come out of this.

Senator Sullivan: I was going to discusss 
industrial research, but I feel that has been 
covered very fully.

Now, the last question you can answer, and 
you need not, is: Is the Science Secretariat 
and Science Council necessary?

Dr. Schneider: Well, that is a very loaded 
question.

Senator Sullivan: Well, I will load it a little 
further: How was the decision re telescope 
arrived at and what roles, if any, did the 
above bodies play in it?

Dr. Schneider: Well, first of all, let me say 
as far as the Secretariat and Science Council 
is concerned I think everyone here probably 
knows the history of this, that this question 
was studied; this was a recommendation and 
it was finally a decision by government, so I 
am afraid this is something that is now here.

Their respective role I think, at least as far 
as the Science Council is concerned, is to be a 
purely advisory role.

I think there is probably a need to have a 
body that worries about very broad general 
directions and here, of course, this is a role 
that has been assigned to the Science Council.

Compared to this, the National Research 
Council, being an operating agency, has a 
responsibility to implement programs but, of 
course, this does not mean that we can oper
ate in a policy vacuum. However, we have to 
develop policies with respect to our particular 
programs.

There is still a great deal of work after 
there is some broad policy direction as might
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be developed by the Science Council; there is 
a long road to decision making, planning pro
grams, implementing them and developing 
policies with respect to these, and this is I 
think a role which the National Research 
Council can play.

Senator Sullivan: What about the second 
part; what about the telescope?

Dr. Schneider: Now, here I should say that 
the National Research Council was not direct
ly involved in this matter. As you know, 
astronomy has been under the jurisdiction of 
the Department of Energy, Mines and Re
sources; this dates back a long time, when 
we had a Dominion Astronomer and this was 
an activity which was needed in support of 
their various other functions, such as survey
ing and so on.

As to how the decision was arrived at, I am 
afraid I cannot answer that; I am sure there 
are other people who have this knowledge.

Senator Sullivan: Thank you, Dr. Schneider; 
that is all at this time.

The Chairman: Senator Hays.

Senator Hays: Mr. Chairman, and Dr. 
Schneider, I would like to discuss new pro
grams just for a minute, then I would like to 
ask a few questions about new and old 
programs.

The Department of Agriculture with which 
I had something to do for a short while until 
the people decided that I should not be there 
any longer, had three pretty costly research 
programs. In my opinion as a layman I 
thought there had been sufficient research 
done and that these programs had outlived 
their usefulness.

One of those programs had to do with the 
use of buffalo as food for human consump
tion. We had a station at Many berries, where 
we were crossing domestic cattle with buffalo. 
Thousands of acres of land were involved in 
this.

Anyone who knows much about the buffalo 
knows he has little beady eyes, that he can 
kick backwards, sideways, frontwards, that 
he has all his weight in the front end and that 
he doesn’t take kindly to domesticating. He is 
a poor contributor. We have known all these 
things, and when we had 50 million we got 
rid of them and didn’t restock.

A buffalo has to be crossed with a domestic 
bull because the female comes with the hump 
on her back and calf bearing is difficult.

This program started in 1917, and when I 
became Minister in 1964 we had a lot of cat
tle. Some were 17 years old and had not had a 
calf for five years. We were still trying to 
prove that there was some place for buffalo 
in the diet of Canadians.

I discussed this with our research people. It 
seemed to me that we should tuck it away in 
a pigeonhole, that if we did find we had made 
a mistake there were still buffalo and cattle 
available and we could resume our research. I 
don’t know how many millions of dollars this 
program cost, but it must have been consid
erable. They are all dead now and I think it is 
a good thing they are. That was one program. 
I am wondering if the NRC examines these 
programs.

Then I would like to mention another one. 
It involves feeding alfalfa and this sort of 
crop to cattle. Cattle with poor stomachs have 
no way of expelling the build up of gas. Their 
stomachs become gassy, which results in com
pression of the heart and ultimate death to 
the animal. Any farmer who has lost eight or 
nine cows in a morning learns all about this.

We still have these programs in many loca
tions in Canada where we grow one or two 
crops of alfalfa. They are also doing the same 
kind of work in New Zealand, in Southern 
Russia, and in the United States.

Senior officials of many departments come 
in and suggest that certain research programs 
be washed out because their own people have 
created a problem by building up an empire 
and carrying on beyond any useful period.

Another program we have is trying to select 
dairy cattle through genes and chromosomes, 
a program which several nations abandoned 
ten years ago but which we are still carrying 
on.

These are just three that I have mentioned. 
I am sure that throughout the whole field of 
research in Canada there must be many of 
these old programs which conceivably cost 
millions of dollars. It seems to me that the 
research has been exhausted and that we are 
on the wrong track by continuing such pro
grams. They should be terminated and new 
programs commenced. I am wondering how 
we can resolve this problem.

Dr. Schneider: Well, I think this is of 
course something that one can understand 
how it may happen. These are rather unusual 
examples you have quoted; I don’t think we 
have any as exotic as this at the National 
Research Council, but there is certainly an
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area here where one has to periodically do a 
very thorough assessment of these programs 
and what we are doing and we have done this 
on a continuous basis although we were not 
satisfied this is necessarily always completely 
effective, the difficulty is that research direc
tors are very busy people and they don’t real
ly have the time to be able to go into this in 
depth to try and do a complete projection and 
even an economic analysis if it is possible.

So we have now deliberately built into our 
organization a group headed by what we call 
délégué général whose sole function will be 
simply this, to analyze ongoing projects to try 
to project them into the future, whether this 
is the best way to tackle the problem, if the 
program is getting anywhere or whether it 
should be discontinued and also look at some 
of the programs that have been going on for a 
longer term, to see whether this program 
should be either discontinued or perhaps 
expanded.

This operation, which will be headed by 
Dr. Leslie Cook, who has had a lot of experi
ence in this kind of area, will be supported 
by a staff and we expect to be going over all 
our programs with a fine toothcomb, to try to 
project these further ahead so that we also do 
proper planning for these programs.

Now, occasionally you will run into areas 
where there is some particular activity where 
we are providing a service, whether it is 
research service or with certain test facilities 
we have for outside users.

Very often, of course, when one suggests 
that this be discontinued there may be quite a 
lot of opposition, but I think these have to be 
looked at quite objectively and it may be 
there comes a time when either these services 
should be charged for, or perhaps somebody 
else should be doing them, but certainly it is 
our intent to look at these kinds of areas 
very, very thoroughly.

Senator Hays: My next question: How close 
are you to other programs in the world where 
they can do a better job than us? It is more 
important to them that they do this sort of 
research and that we do the sort of research 
which is economical or otherwise valuable to 
us, but not necessarily as valuable as, say, to 
the United States or other countries?

We have a very close relationship with 
these tremendous programs. What about these 
programs, one country with another country?

Dr. Schneider: Well, I may say we keep a 
very close contact and relationship with 
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science in other countries. In some cases there 
are some formal arrangements for this and in 
others they are purely informal, but both our 
staff, our various advisory committees, associ
ate committees, and so on keep fully 
informed as to what is going on in other 
countries.

We will not duplicate research that is 
already being done there; occasionally there 
are areas where the Canadian problems are 
different, and where we do have to do some 
research to adapt it to our own needs, but I 
would say on the whole that we are very well 
informed about what is going on in other 
countries in these various areas, and we do 
exchange a great deal of information.

Senator Hays: Thank you.

Senator Robichaud: Mr. Chairman, Dr. 
Schneider: In earlier discussions this morning 
the subject of priorities came up and we were 
given to understand that it is full cooperation 
between the Science Council and Science 
Secretariat and the National Research 
Council.

Now, also I think that you mentioned that 
the Council operates on a fixed budget, which 
is approved by government, by Treasury 
Board.

Now, I understand that from time to time 
different federal departments, like Public 
Works, Transport or Fisheries, will come to 
the National Research Council, say Public 
Works will want certain tests made on a new 
design of a concrete wharf. I know one 
experience which wasn’t too satisfactory; or 
Transport would want research made, or tests 
made regarding the effect of tide and current 
for a ferry landing, or Fisheries want further 
information regarding the stability of a new 
hull design.

Now, after your budget has been submit
ted, if you got such a request, say from one 
of those departments, what is the procedure? 
I mean, who pays for it? Is it the department 
involved, or does this come out of the budget 
assigned to the National Research Council?

Dr. Schneider: If I may, I would like to 
refer this to Dr. Tupper, to respond to this 
question.

Dr. Tupper: Mr. Chairman, this is a com
mon occurrence. Starting many years ago the 
National Research Council was, you might 
say almost unique in having certain skills. 
For instance, in the late 30’s we were the only
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agency in Ottawa with any laboratories or 
any personnel interested in or capable of con
ducting hydraulic model tests, tests of spill
ways, flumes, hydraulic structures, things of 
this kind.

Now, over the intervening years the situa
tion has changed, but we still have a high 
degree of expertise in this field and we do 
serve to conduct experimental work where 
the job originates in, let us say, the Depart
ment of Public Works or the Department of 
Transport.

The financial arrangements for this are 
quite simple; we take it as a normal duty to 
work in this area but we cannot undertake 
something on a fixed budget where the cost 
may be proportionate to the amount of activi
ty or the scale of the operation, so there is a 
procedure for using what is called a financial 
encumbrance whereby one department can 
make funds available to another department. 
In effect, one agency serves as a contractor to 
the other agency, and is reimbursed not 
necessarily for the whole of the cost, but for 
the open ended portion of the cost.

For example, we have worked with the 
Department of Energy, Mines and Resources 
and with the Department of National Defence 
on aero-magnetic survey work. This involved 
the flying of an aircraft and hence, depending 
on the number of miles flown by the aircraft, 
we would use up so much gasoline, lubricant, 
etc.

In such cases there is a cost that is propor
tional to the activity. We can be reimbursed 
from the financial encumbrance but not for 
the entire cost of the work, as we will have 
met a large part of it out of our own appro
priation.

Senator Robichaud: A further question, Mr. 
Chairman: Now, in the case of, say where a 
department of the federal government or a 
provincial government might be involved, or 
even private industries like in the extraction 
or separation of minerals, for example, has 
the Council been asked in the past to take 
over such research?

Dr. Tupper: Mr. Chairman, we do under
take work for private companies or private 
individuals on a contract basis. This is a rath
er exceptional activity; it is mentioned 
specifically in our Act as something that we 
may, and perhaps should, do.

Normally we do not like to get our staff 
heavily involved with what you might call 
proprietory knowledge, that is where the cli

ent is paying all of the cost and he gets all of 
the rights to use the knowledge. If a patent 
comes from the work, since he pays the full 
cost he can claim the patent.

We can therefore get ourselves in a situa
tion where we might have let us say, engi
neers interested in the separation of pulp 
from water in the paper-making process 
where these engineers would find they were 
unable to talk to any company in Canada 
except the one for whom they were working 
and all the others would be literally fenced 
out of the laboratory, because the research 
personnel couldn’t distinguish in their minds 
between the knowledge which their client or 
customer had paid for and that knowledge 
which you could say was the possession of the 
Crown by virtue of research work done 
which was funded by the appropriation.

We do, however, undertake work of this 
class, particularly where we have special 
facilities; for instance, the National Research 
Council has almost all the major wind tunnels 
in Canada. These have been made available 
since the early 1930s to the aircraft industry 
of Canada. The firms pay for work done in 
them. Had we not had these facilities there 
would have been a situation where every air
craft company might have had to provide its 
own facilities over the years. Many companies 
have come and gone. We have had Fairchild, 
Nordyne, Vickers—many aircraft companies 
that at one time were most prominent have 
subsequently disappeared from the scene, 
either by going out of business or through 
take-over and amalgamation.

Now, had it been necessary to provide with 
federal funds wind tunnel facilities for all of 
these companies we would perhaps now have 
a collection of obsolete wind tunnels strewn 
all across Canada from Vancouver to 
Montreal.

As it is, the federal Government has con
centrated its collection of these facilities in 
one agency. The day may come when this is 
no longer wise policy; however, this is the 
policy at this time. Much of the work that 
comes to NRC from industry is due to the 
possession of a unique research facility, such 
as a wind tunnel.

Senator Robichaud: Thank you.

The Chairman: Senator MacKenzie.

Senator MacKenzie: Mr. Chairman, most of 
the questions I had in mind were covered by 
Senator Lang and Senator Grosart this morn
ing, but I would just like to emphasize my
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own concern for the translation of the results 
of basic research into applied research in the 
fields of industry and commerce, because it is 
in this area that I think we are, as you have 
said, weakest.

It is understandable in a sense, because of 
the nature of our economy and our industries. 
Our economy and our industries are so simi
lar to those of our neighbour, the United 
States, that it seems almost natural that we 
should copy what they have already pro
duced, assuming that they have done the 
research and have tried it out on two hun
dred million people, as it were, so that we 
can save ourselves all the bother and cost and 
all the rest of it.

Despite that fact I do think it is one, and 
should be, one of our major concerns, as you 
have indicated in your report and your sum
mary of your report.

In this connection I was very much 
interested in the statistics in Chart 2, in 
which you indicate that by 1973 you expect 
that there will be of the order of 11,500 
Ph.D.’s at work; that 70 per cent of these will 
be in the universities; only 13 per cent in 
industry; and 17 per cent in government.

Now, I suspect that the majority, or the 
largest percentage of those in the universities 
will not necessarily be engaged in teaching, 
because there is likely to be a plateau in 
respect of the increase in student enrolment 
over the next five or six or ten years, but I 
would expect, and this is the question I put 
to you, whether I am correct in assuming that 
a goodly number or these Ph.D’s in the 
universities will actually be engaged in basic 
and some near applied research work of their 
own in the laboratories that the universities 
provide and only the necessary numbers in 
the actual teaching of undergraduates and 
other graduate students?

Dr. Schneider: In reply to that I can only 
say at the present time there are virtually 
none in the universities who do not do some 
teaching, in other words who are doing 
research full time and not doing any teaching.

I think there are a few very unusual cases; 
I think on the whole, virtually all of the 
people in universities doing research also do a 
fair amount of teaching and the projections 
are that with the growing student enrolment 
they will need more and certainly I would 
say at the present time there are no plans 
that would set up large research institutes in

a university where people are doing simply 
research full time and not also engaged in 
teaching.

I think the other matter you raised about 
this question of transfer of research results to 
industry is a very serious one and one which 
not only the National Research Council, but 
the universities are very much concerned 
with.

If you are going to get a lot of this transfer 
there has to be first of all fertile ground in 
industry and there also has to be a much 
closer inter-relationship and communication 
between these sectors. This is something we 
are endeavouring to promote, all of the uni
versities are endeavouring to promote.

This will certainly help, but I think unless, 
as I say, there is a fertile ground in industry 
that there is sufficient research and innova
tion activity so that they are receptive to this 
it is going to be very, very difficult. This is 
I think one of the problems that we have to 
face up to and try and find ways and means 
of improving the situation.

Senator MacKenzie: One of the illustra
tions of what I have said about the number 
of Ph.D’s in universities for teaching was 
brought out a couple of months ago in the 
opening of the Frank Forward Building for 
Mining and Metallurgy at the University of 
British Columbia, where I gather that staff 
almost equals the student body, not at the 
moment, but it does provide a very high 
number of staff to students.

The explanation of this, of course, is that a 
lot of research is being done and will be done 
in that building.

Dr. Schneider: That is perhaps one of the 
exceptional cases and I might say that this 
has a history, a very interesting one. They 
have been doing a fair amount of contract 
research for industry and I might say very 
successfully and they are continuing this as 
part of the university activities.

So there may be some researchers there 
who are not immediately involved in teaching 
functions. I think this is not a large activity 
and I think this is virtually the only depart
ment at UBC that is so engaged.

Senator MacKenzie: Yes, I hope so, anyway 
in one sense, but a specific question, if I may, 
along these lines: If a person is full time 
employed on a provincial research organiza
tion can he be given assistance by the Nation
al Research Council for personal research that 
he is carrying on on the side?
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Dr. Schneider: This has been an area that 
has caused us some difficulty. For some years 
now there has been a modest grant from the 
National Research Council to the provincial 
research councils; we have not been too 
happy with this part, because it was so 
modest that it didn’t really make much differ
ence to really give them the kind of help that 
they wanted. Since most of these councils 
were tending to do some very applied work 
and some contract work and so forth, they 
needed to build up a core of scientific exper
tise within the organization to back up this 
kind of activity, and this is what these 
modest grants were intended to do.

Now, of course, they would like to get more 
support; we are studying this at the moment.

The kind of thing that is being discussed, 
for example, is that perhaps if they come up 
with project proposals, very important proj
ect proposals which may make an important 
contribution locally to an important problem, 
that perhaps we could look at this and see if 
we cannot help.

The Chairman: I would hope, however, 
that the National Research Council would not 
start a new system of shared programs.

Dr. Schneider: No.

Senator MacKenzie: This question, howev
er, had to do with assistance from the 
Research Council to an individual outside his 
work, his provincial organization; he is con
ducting some research more or less on his 
own initiative?

Dr. Schneider: No, this would normally not 
be considered.

Senator MacKenzie: I think I understand 
that it is not at the moment being considered 
or supported.

The Chairman: Are there any supplemen
tary questions?

Senator Robichaud: Mr. Chairman, I have a 
supplementary regarding Chart 2. Now, if you 
take the examples that are shown on this 
chart and convert them to actual figures: for 
example, from 1964 to 68 it shows 1,900 
Ph.D’s to be employed by government; in 
1970 they forecast 2,000; and in 1973, 1,950.

Now, my question is: Is the Council con
templating that the government will not 
increase its activities in research, or will we 
remain at the present status, if the number of

employees by government are going to 
remain at the present status notwithstanding 
the fact that the number of Ph.D’s will be 
increasing?

How was this chart based, and what is the 
basis for these figures?

Dr. Schneider: Actually there was an 
sssumption and, as I say, these projections 
should not be taken too seriously beyond the 
present because particularly on the employ
ment side this is of course very uncertain at 
the moment.

It was the assumption inherent here that 
there is a very modest increase as far as 
government laboratories are concerned, but 
even these are already out of date, because 
with the present cut-backs the block that is 
shown here, for example, for next year may 
come down practically to nothing. Certainly 
there would be nothing foreseen at the present 
time which would involve a very large 
expansion.

Senator Sullivan: Mr. Chairman, if I could 
interfere, isn’t there a possibility that indus
try would take over an increased number in 
the future, in spite of what has been said?

Dr. Schneider: Well, this is the hope, but I 
don’t think it will come about unless some 
positive measures are taken.

I think the indication we see at the present 
time, if we just let things ride, is that there 
will be about a hundred a year absorbed in 
industry, but there is no growth and this is 
the thing I think that is disturbing.

Senator Bourget: Mr. Chairman, following 
that, the Chart No. 1 indicated Ph.D output to 
be of some 2,500 to 3,000, but how in this 
divided between scientists and engineers, 
those who come out with a Ph.D as scientists?

Dr. Schneider: Perhaps I might ask 
Professor Bonneau to reply to this.

[Translation]
Professor Bonneau: I do not know, Mr. 

Chairman, whether I can reply to this ques
tion. I have here a document which will 
appear later on but which is not yet ready. 
To a certain extent these diagrams are 
extracts... This has caught me somewhat by 
surprise; perhaps I could look through my 
papers and reply in a few minutes.

Senator Bourget: Certainly.
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[English]
The Chairman: Before any further ques

tions are asked I think Dr. Gauvin has 
expressed a wish to say a few words and to 
comment on a question which was raised a 
few moments ago.

Dr. Gauvin: Thank you very much, Mr. 
Chairman: I would like, if I am allowed, to 
present a few comments pertaining partly to 
Senator MacKenzie’s question, but also with 
your permission I believe that my comments 
would cut across many of the questions that 
have been asked by the senators, particularly 
in this morning’s session, but also this 
afternoon.

These questions, gentlemen, show I think 
to me at least the concern of this sub-commit- 
tee with applied research and industrial 
research.

Now, there is a difference between the 
two; applied research, as you all know, has 
very real technical, and to a certain extent, 
economic objectives; whereas industrial 
research has of course, the very same objec
tives, with the additional important ingredi
ents of free concepts, rewards and conse
quences which are usually absent from 
applied research. These consequences, of 
course, are far more than financial conse
quences, but are social consequences as well.

Now, the question specifically in which of 
course the senators appear to be interested is 
the role and importance of applied and indus
trial research in Canada, and more particu
larly the role that NEC is playing in the 
sponsoring and development of industrial 
research in Canada.

Now, Senator Lang has touched at some 
length on this question and has requested our 
President, Dr. Schneider, to present some 
case histories on the ideas initially developed 
at the National Research Council which were 
presented to industry, further developed at 
the pilot plant stage presumably, and success
fully exploited commercially.

This is obviously one of the important 
functions of NEC; we all agree that it is. It is 
almost an obvious role that NEC can play, 
but I submit that because of the chain of 
many links that leads from a question, usual
ly you know that a research project starts not 
with an idea, but with the question; the idea, 
the fundamental work that is required to 
back up this idea and slowly through the 
various stages of bench scale work, technical

analysis, computational methods of trial, then 
the economic factors begin, market analysis.

Then the big decision: Are we or are we 
not going to spend $2 million for this pilot 
plant? Finally, the last problem, where are 
we going to find a hundred million dollars to 
build a commercial plant.

Every one of those links is involved and I 
submit that NEC is not only a provider of 
ideas, but provides assistance and facilities in 
many of the links and this is to my mind as 
an industrialist charged with the direction of 
an industrial lab., those services, this kind of 
assistance is immeasurable. It is unfortu
nately intangible in value, but I can vouch 
from personal experience that I have used 
virtually every one and I have a long list of 
these services.

I don’t know if it is permissible, Mr. Chair
man, to quote from personal experience but, 
for example, the special emission spectro- 
specialized analog computers which NEC pos
sesses, numerical analysis, special analysis, 
for example, the special emission spectro
scope that is practically unavailable in the rest 
of Canada, the techniques that enable the 
process to become commercial, like the 
fluidized-bed technique developed by Dr. 
Gishlet, the spherical agglomeration which is 
being developed now by Dr. Puddington, 
which is not commercial yet, but we are quite 
aware of it and I assure you we are using it.

Of course, the library information service 
available is invaluable to us; systems analy
sis; contract research is another service which 
had been touched upon by Dr. Tupper 
already; consulting services; advice; and all 
the supporting services are of tremendous 
importance to industry.

Now, I would like to give you another spe
cific example, this one arising from the divi
sion of building research of which I happen 
to be the Chairman of the Advisory 
Committee.

Sometimes usefulness to an entire industry 
does not result from an idea, but ten years 
ago the division was approached, again a 
question, how should snow loads on roofs be 
calculated? Well, that was ten years ago; the 
answer was empirical; because of catastrophic 
failures and very expensive lawsuits the con
struction people were grossly exaggerating 
the calculation of the engineering load.

Sixty-six actual sites were selected and 
over a period of five years results began to 
come in; correlations were established,
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experimental correlations. At the end of five 
years a very good correlation was established 
showing that these empirical equations that 
had been used before were grossly exaggerat
ed, some by as much as 20 to 25 per cent.

The following five years the tests continued 
to verify what had been established during 
the initial five years.

Now, the net result to the construction 
industry, gentlemen, was a saving in materi
als due to this 20, 25% beyond a safe margin 
of safety and it is one of the rare cases where 
the returns on the development could be 
assessed and the figures are impressive 
because they just about cover the yearly cost 
of operation of the Division of Building 
Research.

Of course, the trouble in R & D as has 
been mentioned by Senator Lang this morn
ing, is at present the inability of correlating R 
& D expenditures and its effect on economic 
growth. The problem is an enormous one; I 
think it will be cracked if we have a big 
enough computer to account for all the hun
dreds of factors involved in the equation, but 
I think it will be cracked.

Now, concerning Senator Mackenzie’s com
ment on the Ph.D programs and utilization, I 
think I would like to reiterate Dr. Schneider’s 
cautious statement that these predications are 
based on existing conditions; they do not take 
into account probable changes due to larger 
programs which I think you will all under
stand the Science Council will at least 
recommend.

If these larger programs come indeed into 
effect, they will absorb a greater number of 
Ph.D.’s than is represented on the data pre
sented by Dr. Schneider.

Another effect that is slowly coming into 
play, but it will not be felt really for another 
four or five years, it is already at play in my 
own industry, is that industry will take up 
more Ph.D’s, but not in the rather naive way 
that some people might misunderstand me, 
that the Ph.D will arrive green with a degree 
and will immediately move into let us say, 
production; that would be a misuse of talents.

What is happening is that Ph.D’s with 10 
years, 15 years of experience are moving into 
positions of managerial or supervisory capaci
ty particularly in planning functions which 
fortunately is becoming more and more 
important in Canadian industry, operations, 
research, systems analysis, technological 
forecasting.

In our company we move them to control 
positions like chief metallurgists in our plants, 
chief chemists and you see in the lower 
ranks of the company a greater number of 
Ph.D’s. They are leaving the research and 
development section and going to those, pro
duction you might say, and other functions, 
financing, marketing and sales.

They are, of course replaced at the R & D 
level by new recruits. I believe that in this 
way our management eventually, but this of 
course is a prediction over a period of 5 to 10 
years, will be upgrading in a very real way 
in this fashion and management will need to 
be upgraded, gentlemen, because the pres
sures are already there. You see the fantastic 
complexity of making a managerial decision; 
the inability to evaluate; first of all the ina
bility of establishing good criteria to start 
with by which we can judge the priorities 
which have been mentioned.

Well, all this more and more will be done 
over the next 10 years by methods of math
ematical and numerical analysis, eventually 
performed on computers. The signs are 
already on the wall; the are called 
managerial decisions, operations research, 
systems analysis; technological forecasts, but 
those methods are coming to the fore and in 
order to use them wisely the management in 
our industries in Canada will have to be 
upgraded and I firmly believe that more and 
more Ph.D’s will be used for that function.

Thank you, Mr. Chairman.

The Chairman: Can I ask a supplementary, 
too?

Dr. Schneider: Yes.

The Chairman: I was really surprised when 
I saw these forecasts for Canada in so far as 
engineers and scientists are concerned, 
because I was reading a few weeks ago an 
article by Dr. John Weir of the United States, 
who is Associate Professor of Psychology at 
California Institute of Technology. This 
appeared in this book entitled The Next 90 
Years, and he makes some forecasts as far as 
the United States are concerned and there we 
can see quite clearly by this graph that the 
supply is going to be far short of the demand 
in the United States, resulting in a developing 
scarcity in the United States for such talents 
and skills and since in most fields we in 
Canada tend to follow the United States by 
about 8 to 10 years it seems to me that the 
same trend is going to develop in Canada;
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that is why I was really surprised to see your 
gloomy forecast.

Dr. Schneider: I am sorry, I should correct 
that; I am not giving a gloomy forecast and I 
think I want to be very emphatic about this. 
The numbers we have presented are ones that 
have come out of a recent study.

Now, over a short term there may be some 
variations in it; also I think one has to take 
this along with the qualifications as I have 
indicated, but certainly over a longer term 
period I think the forecast you mentioned 
will certainly be true.

Senator Bourget: Would it be true in Cana
da, also?

Dr. Schneider: I expect so, yes. There are a 
lot of new areas developing, new disciplines 
and so on and, as I say, there will probably 
be continuing shortages in various areas.

We have seen this, for example, in the 
computer technology field; we still have a big 
shortage here and you will have these 
variations.

Now, that does not mean that in any one 
discipline from time to time you may not get 
a surplus of people but I am sure they are 
versatile enough that they will be absorbed 
somewhere, perhaps as I indicated even if it 
is high school teaching.

The other thing that should be mentioned, I 
think this has to be borne in mind too, is that 
one has to also look at the undergraduate 
enrolment in the sciences relative to the total 
student population, let us say, and if one 
looks at this certainly one can see that, and I 
think this is happening in other countries as 
well, the number of undergraduate students 
electing the science disciplines is certainly not 
increasing; if anything it may be decreasing. 
So I think one has to keep all of these factors 
in view.

Certainly I hope I didn’t give the impres
sion that this was a gloomy picture as far as 
Ph.D training was concerned.

Senator Carter: Could I ask another supple
mentary on that?

The Chairman: This is a new technique.

Senator Carter: The Ph.D’s that we are 
producing now in the various fields in which 
they specialize, how do they match up with 
the needs in these fields, with the 
requirements?

I mean, are we over producing biologists 
and not enough physicists, or are we just 
balancing each field with the requirements in 
that field?

Dr. Schneider: Up to the present time we 
have not had a problem; as you can see, we 
have even had a shortage. It is only after 
next year perhaps this may develop in a few 
areas, but I think they will be relatively few. 
Perhaps we may have too many nuclear phys
icists, I don’t know, but up until the present 
time there have been more positions, particu
larly in the universities, than there were peo
ple available.

I would like to say again, that I consider 
these numbers indicate, if there seems to be a 
mismatch it is not because I think that 
the number of Ph.D’s we are turning out 
is mismatched so much, but I think what 
should be happening, particularly in the 
industrial research area, is not happening; 
this was really the main point of this Chart.

I rather think of this as an opportunity, 
having these highly trained people available, 
I think the big problem we have to face is to 
make sure they are now put to good use.

The Chairman: But it seems to me that 
from now on you will have to plan your 
graduate training program much more than 
in the past.

I was somewhat surprised to see in your 
brief, for instance, that on page 10 you say 
that these forecasts and analyses are based 
only on preliminary studies that you have 
made.

Well, as far as I know the Council has been 
in this field of training for a long time and I 
am surprised to realize that for all those 
years there was no truly serious study of the 
market and of the future demands.

Dr. Schneider: Well, perhaps in answer to 
that I should say we have not done it in quite 
as much detail as we are doing it now; it has 
been done in the past, but this is the most 
recent study we are doing, which we hope 
will be published within a few months.

I quite agree with you and the point of 
publishing this is that I think this is very 
valuable information for the universities, for 
students, as well as ourselves. And I think 
these statistics, the manpower situation we 
have to be aware of. From the point of view 
of the student, he wouldn’t likely want to go 
into an area where he thinks there might not 
be very good opportunities.
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So I think, if not planning, certainly I 
think this is information that should be wide
ly known and I think there will be some 
response.

I don’t think that the Council would ever 
try to impose some kind of quota, or anything 
like this on students, because after all this is 
a university function, training people, but I 
am sure that if the situation were accurately 
known I think there are enough built in 
checks and responses that the situation would 
take care of itself.

The Chairman: Well, surely you would at 
that time tend to review your scholarship 
program.

Senator Cameron: This discussion that has 
been going on is really directed to the train
ing of scientific manpower and its utilization.

The question I want to have in mind, this 
goes back to our terms of reference in this 
Committee, to evolve a science policy for 
Canada. Here we have the universities play
ing a major role in training this scientific 
manpower. They are under provincial juris
diction; in other words, they have a council 
and I am sure my friend Senator MacKenzie 
will agree with me that we should recognize 
that within universities there are intra-uni
versity politics. It depends on how effective 
the Dean of Engineering or the head of the 
botany department may be within the uni
versity in selling his program and getting his 
share of the resources to develop his own par
ticular department; the reason for this is that 
he gets more elaborate facilities, and so on.

So we have on the one hand with every 
university one is duplicating what the others 
are doing. I think this is very graphically 
illustrated by your statements here about 
there being comparatively little in the Mari
times vis-a-vis the other parts of Canada.

All right, is it not necessary for the Nation
al Research Council, the Science Council, the 
Science Secretariat and the universities to 
evolve an overall program in which they 
present a coordinated front and analyze the 
very thing we are talking about here: What 
are the anticipated needs in the next few 
years and who is going to meet them?

That is relatively simple on the face of it, 
but it has a very direct bearing on where 
students will go from graduate work. If I was 
a student going to graduate work, I wouldn’t 
go to an institution which might have a Nobel

Prize person heading this particular depart
ment; if they only had this one man and a 
few satellites around him, because the value 
of his study would be to the extent that he 
has the opportunity to associate and explore 
with many scientific minds.

In other words, you need strength in depth 
in each department and you see a classic 
illustration of that in the aeronautical space 
work at Toronto, the Neurological Institute at 
Montreal, and we have been doing a fair 
amount of engineering in Alberta.

In other words, it comes down to this, that 
should not there be much more strength and 
specialization at certain universities where 
most of the work in a particular field will be 
done, which means that the province is not 
going to do it. Now, it seems to me, and I 
could be wrong in this, that there has not 
been sufficient co-ordination between all of 
these bodies and it seems to me that one of 
the responsibilities of this Committee is to 
come up with some recommendations as to 
how the full resources, our full scientific 
resources can be mobilized most effectively as 
a national effort, rather than as an effort of 
the National Research Council, the University 
of Toronto, or something like that.

Now, how can this be done?

Dr. Schneider: Certainly I think up until 
fairly recently all of these things have not 
been problems; we were so short of people 
that the more we could get trained the better.

A lot of new universities were started and I 
think it is only now that we have to start to 
face up to these problems and I can assure 
you that all the universities are thinking very 
hard about this. They recognize the problem 
and, as you know, also in some of the prov
inces, notably in Ontario where there is a 
provincial university committee trying to con
sider exactly these kinds of problems, how 
we can avoid overlap between universities 
and how we can specialize to get this depth 
and concentration in certain areas. To build 
the kind of excellence that we hope to build, 
I think we must have depth and concentra
tion; we cannot do it if we spread ourselves 
too thin and every university trying to do the 
same thing.

This is well recognized by universities; it is 
well recognized by our Council; we are trying 
to work together with the universities to 
encourage this, but perhaps Professor Bon
neau would like to add some comment to this.
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[Translation]
Professor Bonneau: Perhaps I might simply 

say that, in the Province of Quebec as well, 
this type of problem between universities has 
arisen and is being resolved similarly to what 
has been done in Ontario. In the sense of a 
co-ordination of total research effort, each 
Ontario university attempts to find the spot 
where it would be most useful to the regional 
group. Personally, I feel that such concerted 
action should be on a regional rather than a 
provincial level. I am thinking particularly of 
the Atlantic provinces where the concentra
tion of effort, at least according to what is 
said down there, appears to be on a regional 
rather than a provincial scale.

Perhaps there are other areas in Canada 
where action might be taken on a regional 
basis. In any event, this effort towards con
centration should be made at all levels of 
university activities even if, at present, we do 
have a government agency concerned with 
research and development.

[English]
The Chairman: I am told that coffee is 

served.

Senator Bourgei: Before coffee is served, 
would you have any objection to Dr. Bonneau 
answering my question?

The Chairman: No, proceed.

[Translation]
Professor Bonneau: Mr. Chairman, I should 

like to reply to Senator Bourget by quoting 
the following figures as pursuant to our dis
cussion: in 1973, approximately 20 percent of 
the total number of Ph.D degrees will be 
awarded in engineering and 80 percent in the 
sciences.

Senator Bourget: What is the reason for 
this trend, for the fact that engineers, or 
rather Ph.D’s, are found in research and 
physics rather than in engineering? Is there a 
particular reason for this? Is it due to the fact 
that they perhaps receive less money? Or is 
there a movement in favour of this branch?

Professor Bonneau: Mr. Chairman, I feel 
we need a little time to expand on this 
matter.

Senator Bourget: The reason why I asked 
the question—and to return to what Dr. Gau- 
vin said—is that the senators are interested in 
seeing whether there would not be a way of

improving the situation with regard to practi
cal research so that we might attain the 
objectives for which the National Research 
Council was formed in the beginning. It 
suggests to me—Dr. Schneider mentioned the 
fact and I was also able to read similar 
comments in other publications, the Engi
neers’ Institute, the Glassco report—that little 
has been done in this respect. I do not want 
to put the blame on anyone. It seems to me, 
from the point of view of the economic 
interest of our country, that the emphasis 
should now be placed on this part of research 
which would bring dollars and cents, let’s put 
it bluntly, to the country. I feel it is necessary 
that we have pure research as it is very 
important; it is the basis, but, on the other 
hand, I feel we must not forget the other 
aspect, the material interest, if you will.

The Chairman: I shall give two minutes to 
Dr. Bonneau.

Professor Bonneau: Thank you, Mr. Chair
man. The question does, indeed, merit devel
opment and this would take some time. I 
shall try to be brief but I shall not do justice 
to the question.

At present, in the universities, applied 
research tends to be set aside for what might 
be called pure research for a very simple 
reason: that is, the link between industry and 
the university is still extremely small and, in 
certain cases, nonexistent so that a research 
worker in mechanical or civil engineering 
will have considerable freedom in his 
research. It is not easy to lead the student to 
the construction site with that, but given this 
freedom in applied research, we are able to 
make better use of the materials we have, 
even if our work is not related to engineering. 
If it is not related to engineering, it would 
still be basic research but in a field which is 
applied. This is, I believe, the reason why 
some applied research is carried out 
everywhere.

We are not an industrial country. There are 
whole areas in which the universities do 
applied research for nonexistent industries 
with the result that the projects are too 
impractical. Herein lies the tragedy, I feel, if 
we want to call it that.

Finally, the problem in Canada is that 
there are very few industries as compared to 
the industrial countries—I mention Sweden. 
In Sweden there is an extremely close link 
between the industries and the universities 
and these problems assume a very different 
form.
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Another fundamental reason, very often, is 
that engineering requires much more money 
and this poses a basic problem from the eco
nomic point of view at present for certain 
companies. There is a need, in Canada, to 
conduct research on transportation, but don’t 
try to undertake valid projects on transporta
tion in a university laboratory; this does not 
mean that university professors are not 
qualified to conduct such studies, but they 
require much more team work, the building 
of a prototype which is extremely cumber
some. At the present time, this work is not 
really within the scope of the universities.

Senator Bourget: Just a word, Mr. Chair
man. I feel it is an extremely interesting 
question—not just because I raised it—but 
because Dr. Bonneau said that it was almost a 
tragedy. Indeed, I believe it is a tragedy that 
there is this kind of apathy on the part of 
industry, as we discussed this morning. I do 
not know why this is. I wonder if there is 
enough contact between the research branch, 
or the National Research Council, the univer
sities and industry. Do discussions take place? 
Are there meetings? Do we want to interest 
industry as I believe businessmen are 
interested in development as Dr. Bonneau 
mentioned this morning—and he quoted two 
examples. It seems to me that Canadian 
industry should have eagerly grasped at the 
opportunity. I wonder why this apathy exists? 
It is perhaps not up to you to answer this 
question for me but I feel that there is per
haps some lack of liaison, or is it because 
industries feel they are not adequately assist
ed financially? Or is it because research is 
concentrated in the area of pure research and 
not enough in the field of applied research? 
This leads me to another point that, according 
to what I read in the Glassco Commission 
report, of the 21 members—please note that I 
do not wish to criticize any member of the 
National Research Council—but of the 21 
members of the Council, only three are from 
industry, according to what I read, and there 
is not a single economist. I wonder whether it 
would not be appropriate to make a few 
changes in this respect? I believe that Dr. 
Schneider is proposing himself to make 
changes in this regard. Now the reason I am 
asking these questions is because, returning 
to the words of Dr. Bonneau, it is a tragedy 
that not enough importance is being given to 
research and I wonder what is being done to 
assist our home industries.

[English]
—A short recess.

(Upon resuming)
The Chairman: Honourable senators, we 

still have about three quarters of an hour 
before dinner and I am sure that there are 
still a lot of questions, so we may have to 
think whether or not we shall continue to sit 
this evening, or whether we should invite the 
Council at another date to come back before 
us.

I don’t want to make any proposal at this 
time, but I want you to think about this when 
you select your questions during the next 
three quarters of an hour. Senator MacKenzie.

Senator MacKenzie: I just wanted to make 
a comment, Mr. Chairman, because the At
lantic provinces have been mentioned in 
terms of research or lack of research that is 
being done in that area.

Now, I happen to know something about 
three of the provinces, in particular, Nova 
Scotia where I have been Chairman of their 
University Grants Committee for the past six 
years, and New Brunswick and Prince Ed
ward Island, and the fact of the matter is that 
they have not got enough money in the reve
nues of their provinces to compete in any 
effective way.

The Chairman: Like the British Columbia 
universities.

Senator MacKenzie: Well, they are a little 
different in British Columbia; I can give you 
a song and dance about that, but those in the 
Atlantic provinces—

There has been a good deal of cooperation, 
rationalization, or whatever you like in the 
Atlantic provinces and in Nova Scotia I know 
that practically all of the professional school 
work and the high level research and gradu
ate work that is at the Ph.D level is concen
trated in one institution and something of the 
same is done in New Brunswick at the Uni
versity of New Brunswick, though the 
University of Moncton I know has a program.

The Chairman: Well, I am sure, Senator 
Mackenzie, that when we come to the third 
phase of our inquiry we will hear from 
universities.

Senator MacKenzie: But I just wanted to 
throw that in at this point, sir; I don’t want 
to elaborate on it. That is a fact.
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The Chairman: I am sure that you will see 
to it that they will present a brief to us.

Senator MacKenzie: I hope they will.

The Chairman: Senator Grosart.

Senator Grosart: I would like to drop down 
a bit from the Ph.D level to more mundane 
things. There is one question that occurs to 
me on that level, how valid is the Ph.D; has 
Ph.D productivity significance? How valid is 
it as an index of the scientific manpower 
requirements?

I have seen some literature which suggests 
that B.Sc.’s or M.Sc.’s or MA’s, certainly in 
the industrial sector, the production in this 
area might be a more important index.

Dr. Schneider: I think that is a very good 
point and I had hoped that we won’t lose 
sight of this simply because we happened to 
put some numbers before you which applied 
to PhD’s.

Certainly it is quite true that in any, and 
particularly in applied research, perhaps 
more so than in basic research, you also 
require people at M.Sc. and B.Sc. level, and a 
lot of these, of course, if they go in at a B.Sc. 
or M.Sc. level and work in a research labora
tory in industry, what they learn on the job 
after so many years would be equivalent to a 
Ph.D.

Not all of them will advance this way and 
in fact I expect that the present distribution, 
particularly in industry, probably for every 
Ph.D there will be a certain number of B.Sc’s 
and M.Sc’s.

In the more basic sciences, or longer range 
applied research you will probably find that 
you do use a lot more Ph.D’s, because you do 
require people with research training.

There is another trend that has come about; 
with the emergence of very good technical 
schools and community colleges we are now 
producing in this country some highly 
qualified technicians and a lot of these are 
now taking over the kind of thing that a B.Sc. 
graduate would have done in the past.

I might say most of these people are 
very well trained in various specialties in the 
sciences, but certainly there is a place for the 
B.Sc. and the M.Sc. and probably they would 
still be used in larger numbers than Ph.D’s.

But I think in the more sophisticated 
research programs, I think any laboratory 
recruiting a research trained man would go

for a Ph.D. In fact, in the universities now 
the Ph.D. is a sort of minimum; certainly in 
most of the other disciplines. The Ph.D. also is 
now required to get a staff appointment at a 
Canadian university; you probably must have 
in addition to your Ph.D. several years of 
postdoctoral training.

So this has moved ahead further than per
haps ten years ago.

Senator Grosart: You do have a program in 
that field, do you?

Dr. Schneider: We have a program of post
doctoral fellows at our laboratories and also 
there is an extensive program in the universi
ties, too.

Postdoctoral fellows, now this is if you like, 
a sort of post Ph.D. training and, as I say, it 
is almost mandatory in certain disciplines.

Senator Grosart: Now, if I may come back 
again to the role of the NRC in future, which 
as Senator Cameron points out is something 
on which we are expected to report, it seems 
to me that the Council has moved in to fill a 
gap in this educational field where you are 
now spending $51 million in the university R 
& D support.

Could you tell me what percentage that is 
of the total amount available to the universi
ties in this field? How much of the gap are 
you filling there?

Dr. Schneider: I think we have some num
bers on this as a result of this study

You see, our research grants are really 
grants in aid; they are not intended to pay the 
whole cost, because the basic idea here is that 
the university should have control of their 
own programs; we will insist that they must 
keep control and the university contributes a 
good deal.

The percentage let us say of the total and 
this includes all the costs to the university 
and so on, perhaps Professor Bonneau has 
some figures?

Professor Bonneau: Yes, Mr. Chairman; I 
have some figures here that pertain to uni
versity requirements for research in major 
equipment and major installations.

In 1968 NRC funds supplied roughly 32 per 
cent; the university funds supplied 55 per 
cent roughly; the rest is everything else.

Senator Grosart: Yes, there is a big gap 
there.
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Dr. Schneider: Well, these are funds that 
come from other agencies; they could be fed
eral government agencies, foundations and so 
on.

Professor Bonneau: Foundations.

Senator Grosart: We hear the figure given 
that the federal government is contributing 
50% of the total cost of all post secondary 
school education.

I presume that would take in the grants as 
well, so it would seem to me that your pro
portion of $51 million then is a very large 
part of the federal government’s contribution 
to university R&D.

The other figure takes in all university costs, 
not just R&D. I am trying to find out how 
much of this gap the NRC is filling in what 
appears to me to be almost a gratuitous 
assumption of a responsibility.

If we were to check this criticism, if you 
like to call it that, by the Glassco Commission 
and the Engineering Institute that you have 
gone away from your terms of reference; 
I am not saying that I agree with it, but 
this is what they have said, that if you read 
your terms of reference in the Act in Section 
13, they interpret this as saying you should 
be putting nearly all your money into indus
trial research and that is why I say this may 
be a gratuitous assumption of a responsibility.

This is what concerns me in the policy 
field: Is this government policy, can you call 
this government policy when you step in and 
say, here is a gap and we are going to fill it?

Dr. Schneider: Perhaps I could best answer 
that by going back a bit to when the Research 
Council was first established.

You are quite right in saying that in our 
Act there is certainly no mention of this kind 
of a program. When the Council was first 
established and they were supposed to under
take and support and coordinate research, 
they found that there were just so few 
trained research people in the country that 
the very first thing that they had to do was 
provide for training for research.

This is how this program got started, way 
back in 1917, or 1918, and it has continued.

Now, as I understand it, the discussions of 
the federal government with the provinces 
was that there was mutual agreement that the 
federal government has a responsibility, in 
the research area. This, of course, does not 
make this a statutory responsibility as far as

NRC is concerned, but at least I suppose it is 
fair to say that this is being done with the full 
agreement of the provinces.

I think that as far as the total funds are 
concerned, you mentioned something like $51 
million in research grants, my guess would be 
that this is still quite a lot less than the 
ordinary operating funds, but, of course, this 
only goes to support the specific research area 
and would presumably not be covered under 
the ordinary operating funds of which the 
federal government provides half through 
fiscal transfer.

Senator Grosart: Then I am still on this 
question of where the decision is made: 
Would it be fair then to say that this gap 
exists, and I am not in any way criticizing 
your move into the gap, but would it be fair 
to say that the NRC saw this gap and per
suaded the government or the governments 
that the way to fill it was to have NRC pro
vide in this year $51 million?

Senator MacKenzie: Mr. Chairman, could I 
interject a comment here, because as I 
understand it what the NRC is doing in the 
universities in the main is supporting 
research and that is its function; not support
ing the universities and not doing what you 
suggest it is doing, filling a gap. It is con
cerned with the promotion of research in 
Canada and it has found the easiest, best and 
most efficient vehicle through which to do it 
for certain purposes is the university and if 
you want NRC to recreate here and across 
Canada, if you like other research intitutions 
in which this work can be done, this can be 
done at a cost to the taxpayer and the federal 
government.

Senator Grosart: Senator, I am only asking 
questions.

Senator MacKenzie: But they are loaded 
questions.

Senator Grosart: I am not attempting to 
provide any answers; this will be a responsi
bility of the Committee at some time, and I 
shudder to think how we are going to handle 
it.

Could I ask another question, just again to 
try to put the function and responsibility of 
NRC in some kind of focus: We have a fig
ure of 1.3% GNP is the total Canadian ex
penditure on R & D. If my arithmetic is cor
rect, that is about $800 million. Your share,
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the share that you have assumed, is $120 
million, leaving out the Medical Research 
Council. Where does the rest come from? First 
of all, how much of the rest comes from gov
ernment; in other words, I want to get the 
percentage of the total government financial 
support of R & D that comes through NRC? 
Is that figure available?

Dr. Schneider: I think these figures are 
available, but I don’t have them with me. I 
think the figure $800 million sounds a bit 
high; it is around $600 million and this, of 
course, includes all federal agencies, such as 
AECL, Aiculture, Fisheries, Forestry, all 
federal government funds for research; it 
includes a number of big departments and 
other agencies.

Senator Grosart: But this 1.3 would also 
include industries, wouldn’t it?

The Chairman: Yes; you get most of this 
information in John Orr’s study. I think you 
have a copy of it.

Senator Grosart: I have, and I have looked 
at it.

Professor Bonneau: I might speak on one 
answer, Mr. Chairman: In 67-68, industry will 
be spending or has spent $300 million; uni
versities, $190 million; and government, $240 
million.

Senator Bourget: What is the figure again, 
Professor Bonneau?

Professor Bonneau: $300 millions. $190 mil
lions pour les universités et $240 millions 
pour tous les gouvernements—pas le gouver
nement fédéral, mais tous les gouvernements.

Senator Grosart: Yes, it was 730 million.

Professor Bonneau: Yes.

Dr. Hunt: Mr. Chairman, may I interrupt: 
That I think is not the funds supplied; that is 
where the funds were used.

Professor Bonneau: Yes, current operating.

Senator Grosart: Not where the funds came 
from?

Dr. Hunt: No, no.

The Chairman: This is the sector of 
performance.

Senator Grosart: Yes, that is the perfor
mance figures.

Dr. Hunt: And your $800 million, I think it 
is fairly close, Senator, that includes capital.

If you add the capital expenditures it is 
very close to $800 million.

Senator Grosart: What percentage of this is 
supplied by the federal government; that is 
what I am trying to get at?

The NRC is trying, one way or another, to 
fill this gap and if Senator Mackenzie will 
allow me ...

Senator MacKenzie: I won’t, but you will.

Senator Grosart: In my theory and personal 
experience it is a gap.

Dr. Hunt: Senator and Mr. Chairman: I 
have not the actual figures of the $300 million 
that Professor Bonneau mentioned on indus
try; a quite large proportion of it, though, is 
industry itself, very little is government. It is 
in the neighbourhood I think of about 75 per 
cent industry; I have not the actual numbers.

Senator Grosart: And this includes the 6 
million from the NRC which is, of course, a 
very small part.

Dr. Hunt: Yes.

Senator Grosart: Again, I am trying to see 
what is the responsibility at the moment, the 
financial responsibility undertaken by or 
satisfied through NRC, as a general way of 
stating it.

What percentage of the total government 
expenditure? Do we have that figure?

Dr. Schneider: The total government 
expenditure, this is available on science. It 
seems to me this is around $600 million, or a 
little higher.

Let us be clear that we are talking about 
the same numbers and which fiscal year; this 
is 1967, 68.

Professor Bonneau: 1967, 68; I think $240 
million of those and just current operating R 
and D costs. I don’t think that you have capi
tal costs included, for instance.

Dr. Hunt: Mr. Chairman, may I interrupt 
again. These figures are all available through 
DBS; I am sorry, I use them a great deal but 
I have not got them at my fingertips. They 
are separate reports issued on industry and 
government expenditure.

The Chairman: The latest figures are avail
able but they are not, I think, here; they deed
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only with the intra-mural research done by 
the federal government and for the fiscal year 
66, 67 they amounted to $200 million.

Senator Grosart: Now, by intra-mural, 
does this mean inter-departmental?

Dr. Hunt: In house.

Senator Grosart: Yes, but the federal house 
is a big one. Does this include Crown corpo
rations; does it include NRC?

The Chairman: Oh, yes.

Senator Grosart: Well, if it is $200 million 
and NRC is $120 million.

Dr. Schneider: No, $45 million.

The Chairman: In 66, 67 NRC spent $37.4 
million out of $200 million for in-house 
research.

Senator Grosart: Oh, I see; yes, I get the 
distinction.

But what I am trying to get at is what is 
the total demand on the public purse for R & 
D, the federal public purse?

The Chairman: I am quite sure, Senator, 
that if you don’t want it in too great a hurry 
that our staff can provide these figures for 
you.

Senator Grosart: Yes; well, the reason I 
was looking for it now is I am still trying to 
fix how great is the responsibility that NRC 
has undertaken.

This to me is a very, very important ques
tion when we are going to assess the future 
policy of the government in respect to NRC.

Dr. Schneider: Well, as far as the in-house 
research is concerned here, I think we have 
to distinguish this from extra-mural research 
support.

In house as we heard the figures is 37 out of 
about 200 million; it is between a fifth and a 
sixth of the total federal government in house 
research expenditures.

Senator Grosart: Yes, this would only apply 
to 37 million of your expenditures, yes.

Dr. Schneider, in an article you wrote for 
the Science Forum you make this very 
interesting statement:

“Accordingly a review and re-appraisal 
of the Council’s programs and policies is 
now opportune and necessary. A useful 
principle here is that those programs and

policies that have been very successful 
and for which there is a continuing need 
should not be tampered with too much; 
those that have been less successful or 
lacking need detailed study.”

Have you any method, critical path or any
thing like that, by which you assess success, 
or more or less success?

Dr. Schneider: As I mentioned, I think it 
was this morning, this is now getting under 
way. We have set up a group headed by Dr. 
Cook, which we call a délégué général, with a 
staff, to go into this in detail.

I might mention that this group has no 
other operating responsibilities; they will 
spend full time on this and we hope to look at 
these programs in detail.

The reason I think it is opportune is 
because things have changed very rapidly, as 
we have seen from some of the data we have 
presented to you. I think there have to be 
rapid changes; things are moving very rapid
ly, and we have to look at what we have been 
doing and certainly there will have to be 
some decisions made about where we are 
going and how we should plan for the future.

Senator Grosart: This was one of the ques
tions that was specifically asked in the guide 
lines and when I went to compare your brief 
with the guide lines I notice I wrote in the 
margin, no comments given.

There are one or two others, and because 
we are going to have a good many other 
departments before us I wonder if you would 
not misunderstand this question: If there was 
a failure of response to the specific questions 
asked in the guide lines, if there was, was it 
accidental or deliberate?

Dr. Schneider: Perhaps a bit...

Senator Grosart: I say if there was.

Dr. Schneider: Perhaps a bit of both, and I 
think we did discuss this with Dr. Poecock, 
because we understood that this question
naire, if we can call it that, was of course 
prepared to apply to everybody and we felt 
in some of the areas it wasn’t particularly 
applicable.

At this particular point we should have 
said something in it; that I think was an 
accidental omission. So that, as I say, there 
was perhaps a bit of both, but the intent was 
certainly to provide you with all the informa
tion; there was certainly no deliberate
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attempt to fail to respond to any pertinent 
information.

Senator Grosart: No, I don’t doubt that at 
all; I was merely assessing our own question
naire, because a good deal of time was spent 
on it and it does project into the future as to 
the general validity of this questionnaire with 
respect to those who will come before us.

Professor Bonneau: Could I enlarge a bit 
on the feed back mechanism, that you asked 
whether it existed in that there is a review of 
all the progress which is going on. The Presi
dent has just explained that a new post with 
a staff has been set up and will be operating, 
but there has been for many years another 
system, which is working well in many 
instances, and those are advisory committees.

For instance, in the building industry you 
have architects, you have engineers, you have 
building contractors, you have people from 
the Central Mortgage; all these people get 
together and review quite frankly and quite 
critically once or twice a year, or sometimes 
more often the work of a division on the 
committee for the mechanical engineering 
division there is a man from the shipping 
industry, another one from the railway 
industry, another from the aircraft industry 
etc. They get together, and they work quite 
hard. They ask very difficult questions of the 
director of the division on the existing pro
grams, what are the results, and other rele
vant questions.

I don’t want to give you the impression 
that all those advisory committees are equal 
in ther tasks, but some of them are doing 
very good work and I think that the division 
which profits by the work of that committee 
is quite lucky, because it does keep that divi
sion on their toes.

Senator Grosart: I think we are all agreed 
that it is very hard to stop any project any
where in the general realm of the public ser
vice once it has started and, secondly, I think 
we are all aware that it is very difficult at 
any particular time to assess the continuing 
validity of a research program but, having 
said that, could you venture a guess as to the 
percentage of termination of projects as a 
result of these reviews that have been going 
on, or is this question germane at all? I don’t 
know.

Dr. Schneider: If you are talking about 
major programs and, of course, research is 
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not something that you can turn on and off; it 
takes time to build up a research team and 
then by the time they really get hold of the 
problem and something comes out it may be 
another five years.

Senator Grosart: Excuse me, but sometimes 
when they are turned off they are on the 
front pages for a long time.

Dr. Schneider: Yes, but of course with the 
smaller projects, these come and go; there is 
quite a large turnover but let us say for 
example, as we have mentioned before, the 
National Aeronautical Establishment, which 
provides back-up research for the aircraft 
industry; now, that is a continuing, if you 
like, activity but yet there are individual 
projects that come and go; projects are com
pleted, a new one is started, and so on.

So I think some of these methods, review 
methods that you have referred to, are not 
always applicable to some of these individual 
activities.

The Chairman: Senator Yuzyk has been 
waiting for hours.

Senator Yuzyk: My question is about the 
researchers, particularly the National Re
search Council and I have before me a 
review in 1968 and I note that there are 788 
scientists employed by the National Research 
Council: 264 in engineering and architecture; 
221, these are the largest, in chemistry; 189 in 
mathematics and in physics.

My question is this: Has the staff of the 
National Research Council been increasing 
every year, annually? One thing.

How much of this staff is permanent and 
how many of them are non-permanent? I am 
particularly interested in the non-permanent 
staff, that is employed for research work. 
What happens to those who are employed for 
a period of one or two or whatever period 
they are employed for, what happens to these 
scientists? That is another question.

The Chairman: Could you break it down?

Senator Yuzyk: Am I asking too many?

The Chairman: Yes, I think so.

Senator Yuzyk: Well, it is all in the same 
line.

I notice a large category and I don’t know 
how many of them there are in this category, 
post doctorate fellows. Now, there are quite 
a number of them and a large proportion of
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them are out of Canada, I noticed that. What 
happens to what I call the non-permanent 
staff; what happens to these people? Are they 
employed by industry in Canada or by uni
versities once they leave the National 
Research Council?

Dr. Tupper: Mr. Chairman, I will 
endeavour to field this question; let us start 
the wrong way around, with the Post-doctor
ate Fellows.

This is a program designed by Dr. Schneid
er’s predecessor once removed, Dr. Steacie, 
shortly after the war, to accomplish two pur
poses, the first to provide a core of young, 
energetic scientists who wouldn’t grow old on 
the job so that you would have a definite 
fraction of youth continuously in your spec
trum, even though you were not growing or 
had not reached a steady state where people 
were retiring at one end and coming in at the 
other. These men are given a small stipend; 
currently it is $6,000 a year for a single man 
and $7,200 for a married man, which is 
income tax free. The normal appointment is 
for one year and it may be renewed for a 
second and thereafter they disappear from 
our establishment, except that we occasional
ly take one of them om to our regular staff. 
So much for Post-doctorate Fellows.

Of the remainder of the staff, the National 
Research Council is perhaps unique in hiring 
a large fraction of its employees using term 
appointments. The original term is usually for 
one year or for 18 months and if the 
employee’s services are satisfactory subse
quent term appointments are for three years.

I think at the present time we probably 
have about 80 per cent of our total staff on 
three year term appointment.

There is, however, the circumstance that 
since the end of the second world war, while 
there have been a few periods of time when 
there was a shrinkage, by and large the 
strength and size of the National Research 
Council has grown with time; it has indeed 
spawned whole organizations like the Crown 
company, Atomic Energy of Canada Limited, 
which up until about 1952 or thereabouts was 
a portion of the National Research Council.

So that, although we have many three-year 
term appointees, there has been no cut-back 
in work of a major nature that has required 
us to release these people because their jobs 
have disappeared. Term appointees may be 
let go because their services are found to be 
unsatisfactory, of which they are given plenty

of warning before such termination actually 
takes place. I think it is perhaps unreasonably 
assumed by our staff that an NRC term 
appointment is just as secure as an appoint
ment “at pleasure,” although from the strict 
documentary facts of the case this is not so; it 
is a three-year appointment, and unless it is 
renewed it would terminate.

Senator Yuzyk: Is there an attempt made to 
place these researchers after they have com
pleted their term? After they have completed 
their project or whatever they have been 
working on what hapens?

I am particularly interested in those who 
are non-permanent; what happens to these 
scientists, where do they go?

Dr. Tupper: Mr. Chairman, to avoid any 
possible misunderstanding, the PDF’S are 
with us for one or two years and then they 
are released. In the market that has existed 
during the last few years one did not have to 
assist in placing the PDF’s; there has been 
more demand for persons with doctors’ 
degrees in universities and elsewhere than 
there was supply, so there has been no prob
lem of this kind.

With the employees of our Council general
ly who have the three-year term appointment. 
These appointments have normally been 
renewed. These employees are not with us 
just three years and then out. They have nor
mally had continuing employment through 
term appointments which were renewed 
every three years.

Senator Yuzyk: A supplementary question 
please, regarding bachelors; I notice that there 
are bachelors, 140; masters, 165; and doctors, 
493. Are these with Bachelor of Science 
degree, I imagine mainly: Are they employed 
for just a term, or are some of them perma
nent also?

Dr. Tupper: Mr. Chairman, there is no 
simple quick answer to that; in some of our 
laboratories the work is of an applied nature 
and we hire engineers as well as physicists, 
chemists, biologists. Many of the engineers 
have only bachelors or masters degrees and 
do not have doctors degrees. The doctor’s 
degree in engineering until fairly recent 
times was quite uncommon, so that to some 
extent that division by degrees is also a divi
sion by discipline in that the 140 I think 
would be quite predominantly engineers rath
er than physicists, mathematicians or 
chemists.
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Senator Grosart: Mr. Chairman, a supple
mentary question: Would Dr. Tupper relate 
his answer to Appendix L to give us a sum
mary of Appendix L, which is headed, For
mer Scientific and Engineering Staff Who 
Now Hold Significant Positions in Other 
Areas of Activity.

This obviously does not apply only to part 
time employees, but to me it is a very 
impressive appendix.

Dr. Tupper: Yes, Mr. Chairman; although 
we have three year term appointments I 
would think that in general we have had 
many people who have come to the Council, 
worked there for X or Y years and X or Y 
might be three or fifteen and then have 
moved on to other positions; they have gone 
into the universities, they have gone into 
industry, they have gone into other places.

I myself was one of these; I was outside the 
National Research Council for a 15 year peri
od. Mr. Pocock, one of your staff here, was 
one of these. There are many people who 
have served with us. I like to use the word 
“alumni”, for these people are mostly 
employees who have left of their own accord 
and not just because their term was up. They 
have moved on to many other places.

This is but a partial list. Naturally it is a 
loaded list. We have picked from those who 
perhaps have made more of a mark than oth
ers, but it is a very incomplete one.

There is a normal turnover rate of about 
6% with our scientific staff, and since we 
have about 800 this means that there are 
about 50 a year leaving naturally. As a conse
quence, over a twenty- or thirty-year period, 
we have collected quite an alumni association.

The Chairman: Senator Carter.

Senator Carter: I would like to follow up 
with a supplementary: Dr. Schneider men
tioned the importance of technicians and that 
we are getting now very highly trained tech
nicians, who could take over very advanced 
work.

I think I read somewhere that a scientist 
who is directing a project needs at least four 
good technicians to be able to produce satis
factorily. I am just wondering how is the 
NRC fixed for technicians? What ratio do you 
have, or do you have a ratio, do you employ 
them on a ratio basis? Are these technicians 
under contract to the Council, or are they 
full time?

Dr. Schneider: No, we don’t employ them 
on any kind of formula, but solely in res
ponse to need.

The number of technicians working, say, 
with each research scientist will vary depend
ing on the nature of the work. For example, 
someone who is doing mainly theoretical work 
perhaps wants somebody to help with some 
computational work and that is about all".

On the other hand, in the applied sciences 
and particularly in engineering, where you 
have a big facility, you are operating a wind 
tunnel, let us say, you need quite a number 
of technicians to keep this going, so it varies 
depending on the kind of work.

Now, as for actual statistics, it varies from 
about .68 technicians per scientist to about 
4.33; this is going, let us say, from chemistry 
to mechanical engineering, which has, let us 
say, around 4 technicians per scientist. So it 
does vary.

The terms of employment are very similar; 
this is again on the term basis.

Senator Cameron: On behalf of the mem
bers of the Committee, I wish to express our 
very deep appreciation to the delegation for 
their appearance and courtesy in answering 
the very heavy barrage of questions. I feel it 
has been a very productive session.

The Chairman: I was going to do the same 
thing; thank you very much, gentlemen.

Dr. Schneider: Thank you very much.

29009—41
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SENATE OF CANADA 
SPECIAL COMMITTEE ON 

SCIENCE POLICY

GUIDE FOR SUBMISSION OF BRIEFS 
AND PARTICIPATION IN HEARINGS

Introduction
Part I of this guide is for the assistance of all 
organizations or individuals intending to sub
mit briefs. Part II describes information 
required from agencies of the Federal 
Government.

Part I: General Guidance

I. 1. Contents of Submissions 
Briefs should deal with the subject matters 

which fall within the scope of inquiry of the 
Committee, as contained in the attached 
Order of Reference (Appendix A). This Order 
of Reference, and any other relevant material 
which may be made available by the Commit
tee, should be carefully read before briefs are 
prepared.

To make submissions to the Committee as 
useful as possible and to facilitate the Com
mittee in obtaining a full understanding of 
the views put forward and recommendations 
made, the following points should be borne in 
mind when preparing the briefs:

(a) Factual information should be 
included tending to substantiate the con
clusions put forward, the views ex
pressed and the claims made.

(b) Recommendations should be made 
as specific as possible, putting forward 
concrete proposals indicating whether 
and what action should be taken, what 
form the action should take, and how the 
proposal could be implemented in 
practice.

(c) The brief should be prefaced by a 
summary of the main conclusions and 
recommendations.

(d) Brevity is recommended in the 
main body of the submission. Those pre
paring briefs may, if desired, submit 
relevant evidence in appendix form.

(e) In the case of associations and 
organizations, the briefs should include 
information on the personnel, objectives 
and nature of the group.

I. 2. Format of Submissions
Briefs should be double spaced with con

secutive paragraphs numbered, on foolscap 
(8" x 14J). The name and address of the 
association, organization or person submitting 
the brief should be clearly indicated. Where 
organizations and individuals wish to appear 
at the hearings, the names and addresses of 
those who will represent the organizations or 
of the individuals should be stated.

The curriculum vitae of all those intending 
to participate in the presentation of the brief 
and the subsequent discussions must be 
attached to the brief.

I. 3. Number of Copies of Submissions
The Committee requires fifty (50) copies of 

each brief. It is suggested that copies in 
French be provided. Organizations and others 
submitting briefs may wish to have available 
additional copies which they can pass on to 
the press and other interested parties. 
Although each organization is responsible for 
the distribution of its brief, the Secretary will 
distribute it to the members of the Parlia
mentary Press Gallery upon receipt of an 
additional 95 English-language and 35 
French-language copies.

I. 4. Presentation of Submissions
The full texts of the submissions, ordinarily 

will be taken as read. At the hearings, partic
ipants will be asked to summarize the infor
mation contained in their submissions as well 
as their conclusions and recommendations. 
They are free to elaborate orally and present 
arguments. Persons appearing before the 
Committee may be questioned directly by 
members of the Committee on the material 
submitted in their briefs and the recommen
dations put forward, but they will not be 
subject to examination or cross-examination 
by other persons.

I. 5. Exhibits at Hearings
Participants are permitted to introduce at 

the hearings supplementary information and 
material in written form. These will be 
known as exhibits.

I. 6. Transcripts of Proceedings of Hearings
The proceedings at the hearings held by the 

Committee will be recorded and printed. 
Copies may be purchased from the Queen’s 
Printer. Reports of the Committee’s proceed
ings are supplied at reduced rates when 
ordered immediately following the Committee
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sitting. A limited number may be obtained 
without charge on application to the Secre
tary. (See I. 8. below)

I. 7. Confidential Character of Submissions
Submissions made to the Committee will 

remain confidential until released, the release 
date being the day on which the organiza
tion’s representative appears as a witness. In 
the case of briefs supplied but not presented 
at the hearings, the release date will be at the 
discretion of the Chairman.

I. 8. Contact with Senate Committees Branch
Information concerning the activities of the 

Senate’s Special Committee on Science Policy 
(e.g. proceedings of the hearings, etc.) may be 
obtained from

Patrick J. Savoie,
Secretary,
Room 369-E,
Committees Branch,
The Senate,
Ottawa, Ontario.
Telephone No. 996-1272

Also, all briefs and exhibits should be sent to 
the Federal Government

PART II: Specific guidance for agencies of 
the Federal Government

II. 1. Introduction
All departments, boards, crown corpora

tions and other organizations (hereafter 
referred to as agencies) under the jurisdiction 
of the Federal Government are asked to sub
mit briefs if they expend funds for scientific 
activities. Appendix B defines “scientific 
activities” and other terms.

II. 2. Content of Submissions 
Briefs should contain any information, 

comments or counsel considered relevant to 
the inquiry of the Committee in view of the 
Committee’s Order of Reference (attached as 
Appendix A). As well, the Committee requests 
information regardin the following:

2.1) Organization—Supply text or dia
grams regarding the following:
a) Organizational block diagram of agen
cy showing main units such as divisions 
and sections. Indicate those units con
ducting or funding scientific activities.
b) Block diagram, when appropriate or 
necessary, indicating Parliamentary re
porting channel (s), formal connections

to other Federal agencies, advisory com
mittees, etc.
c) Block diagram indicating the organiza
tion of units (e.g. divisions, sections, task 
forces, etc.) responsible for scientific 
activities.
d) Description of formal agreements 
regarding scientific activities between 
agency (or one of its units) with organiza
tions outside of Canada including foreign 
governments or their agencies.
e) Information concerning overseas offices 
of agency dealing with scientific affairs.

2.2) Organizational functions
a) What are the agency’s statutory func
tions and powers regarding scientific 
activities.
b) What organizational policies have 
evolved (e.g. regarding the implementa
tion of (a)) that could be considered to 
define your agency’s “policy regarding 
science” or “science policy”.
c) Taking (a)) and (b) ) into account, 
briefly describe the organization’s func
tions and responsibilities in relation to:

i) other Federal agencies
ii) industry
iii) educational institutions
iv) international representation and the 

monitoring of scientific activities out
side of Canada

v) other

and describe the process whereby these 
are achieved or honoured, citing cases-in- 
point if appropriate or necessary.
d) Describe the process whereby your 
operational effectiveness, duties and goals 
are reviewed and revised.
e) Describe any outside studies commis
sioned (during the last five years) to sug
gest improvements of agency’s operating 
procedures.
f) Comment on the relationship between 
the agency’s responsibilities and powers, 
and its activities and programmes.
g) What have been, what are currently, 
and what do you foresee as being the 
major hindrances to the effective perfor
mance of your functions, the honouring 
of your responsibilities and powers.
h) What major changes in organization 
functions are forecast as probable or 
desirable during the next five years.
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(2.3) Personnel Policies
a) What steps are taken to identify and 
hire those members of universty grad
uating classes who will be the most 
effective researchers for your organiza
tion.
b) Have any unique criteria been devel
oped (or any research initiated to devel
op criteria) to help identify those who 
will be creative and effective researchers.
c) What steps are taken to identify those 
members of the staff with high potential
ity as research administrators.
d) What distinctions are made between 
administrators of research and research
ers as such; for example, regarding pro
motion, salaries, etc.
e) What is the policy regarding intramu
ral and extramural education for staff 
members conducting or administering 
research.

2.4) Distribution of activities
Some agencies expend funds on scientific 
activities in many regions of Canada. 
These are requested to give information 
and advice regarding the following:
a) The regionsl pattern of agency’s spend
ing (intramural and extramural) on scien
tific activities (e.g. by province).
b) The regions, if any, particularly suited 
for certain scientific activities.
c) Activities carried out, on an annual 
basis during the last five years, to assist 
in the investigation of regional problems 
of phenomena.
d) The role of your agency in contribut
ing to regional development.
e) In your experience, the cost and bene
fits of regional distrbution of your scien
tific activities and the necessary condi
tions for this distribution to contribute to 
regional development.

2.5 Personnel associated with scientific 
activities
Note that the following information is 
required for each of the units conducting 
scientific activities mentioned in Section 
2.1) c).
a) Current personnel establishment and 
people on strength by category of person
nel. (Indicate the number of guest work
ers, staff-on-loan, post-doctorate fellows, 
etc.)

b) Number of above professional staff 
devoting most of their time to adminis
trative duties.
c) Tabulated information regarding 
professional staff associated with scien
tific activities (divided into three catego
ries according to degree level—i.e. bache
lor, master, doctorate).

i) Country of birth
ii) Country in which secondary educa
tion taken
iii) Country in which university degree 
taken (bachelor, master, doctorate)
iv) Number of working years since 
graduation and number of years 
employed in present organization
v) Average age
vi) Percentage able to operate effective
ly in Canada’s two official languages

d) Total number of professional staff in 
each degree category for each of the 
years 1962 to 1968 inclusive and estimates 
for each of the years 1969 to 1973.
e) Percentage of turnover of professional 
staff in the three degree categories for 
each of the years 1962 to 1967.
f) Percentage of current professional 
personnel who, since graduation, (i) have 
been employed by industry at one time,
(ii) have been on the staff of universities,
(iii) provincial departments or agencies, 
or (iv) other Federal agencies.
g) Number of staff in each degree catego
ry on education leave.
h) Number of university students given 
summer employment in the field of scien
tific activities for the years 1962 to 1967.

2.6) Expenditures associated with scien
tific activities
Where appropriate, please use definitions 
given in Appendix B. 
a) Total funds spent by agency on scien
tific activities broken down into the fol
lowing categories:
Functions: (i) intramural R&D, (2) data 
collection, (3) scientific information, (4) 
testing and standardization, (5) support of 
R&D in industry, (6) support of R&D in 
universities, (7) support of higher educa
tion in engineering and science. Give Pri
mary function (if applicable).
Scientific discipline: (1) engineering and 
technology, (2) natural sciences: (a) 
agricultural sciences, (b) astronomy, (c) 
atmospheric sciences, (d) biological
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sciences, (e) chemistry, (f) mathematics, 
(g) medical sciences, (h) oceanography, (i) 
physics, (j) solid earth sciences, (3) social 
sciences: (a) anthopology, (b) demogra
phy, (c) economics, (d) political science, 
(e) psychology, (f) sociology. Give pri
mary, secondary and tertiary discipline 
(if applicable).
Areas of application: (1) nuclear energy,
(2) space travel and communications,
(3) war and defence, (4) agriculture 
(inc. fisheries and forestry), (5) con
struction, (6) transportation, (7) tele
communications, (8) health, (9) indus
try, (10) underdeveloped areas, (11) 
economic and fiscal policy (national and 
international), (12) regional develop
ment, (13) social welfare and social 
policy, (14) educational techniques and 
policies, (15) administration, (16) other 
(please identify). Give primary and 
secondary areas if applicable.
Above to be tabulated for each of the 
fiscal years 1962-1963 to 1966-1967, esti
mates for 1968-1969, and projections for 
the five fiscal years beginning 1969-1970.
b) Operating and capital funds expended 
by the units described in (2.1 c.) (e.g. divi
sions, sections, etc.) for the fiscal years 
1962-1963 to 1966-1967 inclusive, estimates 
for 1967-1968, and five year forecasts for 
fiscal years 1969-1970 to 1973-1974.
c) Funds expended to further professional 
university education of staff for each of 
the fiscal years from ’62-’63 to ’68-’69 
inclusive (e.g. costs of educational leave 
to take higher degree, payments to cover 
costs of taking courses at local 
universities).

2.7) Research Policies 
In the following, the term “project” is 
used very broadly to describe a distin
guishable discrete research activity; this 
could range from scientific research 
orientated to extend the range of under
standing of one item within a particular 
discipline to an interdisciplinary research 
and development task. The term “pro
gramme" is used to denote a planned 
goal-directed scientific activity requiring 
more than one “project” for its accom
plishment. In other words, it is through a 
series of related “projects” that a “pro
gramme” is conducted.

a) Units concerned with intramural 
research activities
1) Describe process whereby various 
types of programmes and projects are 
selected, initiated and monitored (e.g. 
what role do other Federal agencies or 
units play in this process).
2) How are priorities established between 
programmes and projects and in what 
terms are priorities expressed and 
implemented.
3) Are network methods such as Critical 
Path Network or Programme Evaluation 
and Review Technique (CPN or PERT) 
used to plan and monitor programmes 
and projects; briefly list current exam
ples of such use.
4) What uses have been made during the 
last five years (and are being made cur
rently) of contracting out projects in sup
port of intramural programmes. In what 
sectors have these contracts been let (cite 
cases-in-point).
5) What are the policies regarding the 
funding of extramural research pro
grammes in the universities and industry. 
How are they related to the policies gov
erning intramural programmes and to 
other Federal agencies.
6) In a changing technical environment it 
becomes necessary at times to shift 
research resources from one programme 
(possibly even terminating it) to a new 
programme. By what process is this done 
and describe any current difficulties.
7) How are intramural and contracted 
extramural research results transferred to 
those having potential need of them (e.g. 
industry, other government agencies or 
universities).
b) Units exclusively concerned with 
extramural research activities
Some units’ sole activity in the field of 
the Committee’s concern is the funding of 
extramural scientific activities.
1) Describe process whereby various 
types of programmes and projects are 
accepted for funding and describe what 
relation these factors have on the accept
ance process:

i) Previous record of achievement of 
unit or individual requesting funds
ii) Nature of proposed project
iii) Policies of granting agency
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2) How are priorities established between 
programmes or projects.
3) How are projects monitored and the 
results evaluated.
4) How are priorities implemented in the 
allocation of resources to programmes or 
projects.
5) Are network methods such as CPN or 
PERT used to plan and monitor pro
grammes or projects; briefly list current 
examples of such use.
6) In a changing technical environment it 
becomes necessary at times to shift 
research resources from one programme 
(possibly even terminating it) to a new 
programme. By what process is this done 
and describe any current difficulties.
7) How are extramural research results 
transferred to those having potential need 
of them.
8) What percentage of funds available to 
the agency for the support of extramural 
scientific activities were actually expend
ed during each of the fiscal years ’62-’63 
to ’66-’67.
9) What percentage of the total funds re
quested from the agency were in fact 
granted in each of the fiscal years ’62-’63 
to ’66-’67.

2.8) Research Output 
The previous items have been concerned 
with “inputs” to research activities and 
the state and manner of organization of 
the research process. The following items 
refer to the research “output” and it is 
understood that such measures have limi
tations. Please give brief details regarding 
the following for each of the years 1962 
to 1967 inclusive:
1) Patents arising from research activi
ties. Number of licences granted and 
value of resulting production in Canada 
and elsewhere.
2) Books or journal articles arising 
from research activities.
3) Reports issued from agency and units.
4) Conferences or other means used to 
transfer information regarding the results 
of a project or programme to extramural 
groups.
5) That means for the transfer of scien
tific and technological data obtained from 
countries outside Canada, to extramural 
groups.

6) Individuals who had the opportunity 
to train themselves in specialized fields 
whilst employed with you and subse
quently left and made important contri
butions to their field.
7) Research teams that have arisen in this 
period and who have unique and valued 
abilities in important fields.
8) Unique or valuable research tools, 
facilities, or processes added or devel
oped during the above period.
9) Details concerning the impact of your 
scientific activities and research output 
on the advancement of scientific knowl
edge and Canadian economic develop
ment.
10) Any other measures or indications of 
research output.

2.9) Projects
1) For each unit responsible for scientific 
activities, (intramural or extramural), list 
the titles or other brief descriptions of 
projects which were conducted during 
each of the years from 1962 to 1967 inclu
sive. Indicate projects that are part of an 
overall programme and briefly describe 
the programme.
2) Present case histories of what you con
sider as the most significant completed 
projects of the last five years. These 
should be selected as exemplars of what 
are considered to be the results of the 
agency when operating in its role with 
maximum effectiveness; in other words, 
examples of what the agency considers 
among its “best work”. The projects 
selected, when possible, should be pre
sented under the broad categories of “ba
sic research”, “applied research”, and 
“development”, and it is suggested that 
no more than five are to be singled out in 
any one category.

2.10) Organizations not currently en
gaged in scientific activities

The Special Committee on Science Policy 
was constituted to consider and report 
upon those agencies of the Federal Gov
ernment directly engaged in scientific 
activities. The Committee was also 
charged with recommending a science 
policy for Canada and is of the opinion 
that any government policy related to 
science must take some account of the 
effects of science on all governmental 
functions including those of agencies or
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units not engaged in scientific activities. 
The Committee, therefore, invites all 
agencies under the jurisdiction of the 
Federal Government to include in their 
briefs comments as to the effects of scien
tific activities on their own operations 
and in particular, to comment on the fol
lowing items:
1) Forecasts of the effects of changes in 
technology on the agency’s operations, 
functions and responsibilities during the 
next 5 to 10 years.
2) Studies of possible improvements in 
the agency’s effectiveness due to new 
scientific or technical developments.
3) The type of scientific or technical 
advice sought during the last five years; 
the source of this advice.
4) Future plans determined by, or desig
nated to take account of, recent scientific 
and technical developments.

APPENDIX A 

SENATE OF CANADA

Special Committee on Science Policy 
27th Parliament

ORDER OF REFERENCE
That a Special Committee of the Senate be 

appointed to consider and report on the 
science policy of the Federal Government 
with the object of appraising its priorities, its 
budget and its efficiency in the light of the 
experience of other industrialized countries 
and of the requirements of the new scientific 
age and, without restricting the generality of 
the foregoing, to inquire into and report upon 
the following:

a) recent trends in research and deve
lopment expenditures in Canada as com
pared with those in other industrialized 
countries;

b> research and development activities 
carried out by the Federal Government 
in the fields of physical, life and human 
sciences;

c> federal assistance to research and 
development activities carried out by 
individuals, universities, industry and 
other groups in the three scientific fields 
mentioned above; and

di the broad principles, the long-term 
financial requirements and the structural

organization of a dynamic and efficient 
science policy for Canada.

That the Committee have power to engage 
the services of such counsel and technical and 
clerical personnel as may be necessary for the 
purpose of the inquiry; and

That the Committee have power to send for 
persons, papers and records, to sit during 
sittings and adjournments of the Senate, and 
to report from time to time.

That the said Committee be authorized to 
print such papers and evidence from day to 
day as may be ordered by the Committee.

That the Committee be composed of the 
Honourable Senators Aird, Argue, Belisle, 
Bourget, Cameron, Desruisseaux, Grosart, 
Hayes, Kinnear, Lamontagne, Lang, Leonard, 
MacKenzie, McCutcheon, Phillips, Sullivan, 
Thompson, and Yuzyk.

APPENDIX B 

Some definitions

1. Scientific activities comprise all activities 
concerned with the creation or acquisi
tion of new knowledge in engineering or 
the natural and social sciences, or with 
new applications of scientific knowledge 
to useful purposes. Five classes of activi
ties are to be distinguished: research and 
development (R & D), data collection, 
scientific information, testing and stand
ardization, and education in the sciences 
and engineering.

1.1 Research and Development [R & D]
a) Research is investigative, experi

mental and generally original work 
undertaken for the advancement of scien
tific knowledge (i.e. scientific information 
when arranged in logical systems or theo
ries). Research is basic when it has no 
immediate specific practical application 
(although it may be oriented towards an 
area of interest to the performer); it is 
applied when it is directed towards a 
specific practical application.

b) Development is the use of knowl
edge derived from research in order to 
produce new materials, devices, products 
and processes, or to improve existing 
ones.

1.2 Data Collection refers to the routine and 
continuous collection and arrangement of
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data on natural and social phenomena. It 
includes geological, topographical, hydro- 
logical and oceanographic surveys and 
mapping, collection of meteorological 
data, collection of social and economic 
data, and the gathering and arrangement 
of human, biological, entomological and 
zoological specimens and data.

1.3 Scientific Information refers to the dis
semination of scientific and technological 
information, including any necessary pre
liminary work such as recording, classi- 
gying, translating or coding. Expendi
tures attributable to this activity include 
the costs of libraries of scientific and 
technical publications, the costs of na
tional patent offices and government 
scientific and technical information 
services, the costs of scientific con
ferences or displays, and the costs of 
publishing information acquired as a 
result of some other scientific activity.

1.4 Testing and standardization refer to work 
directed towards the establishment of 
national standards for materials, devices, 
products and processes, the calibration of 
secondary standards and non-routine 
quality testing, separately identifiable 
from R & D, which may be required to 
identify the characteristics of materials, 
devices, products and processes.

1.5 Education refers to education and training 
in engineering and technology or the 
natural and social sciences at institutions 
of higher education. The Federal Govern
ment’s direct participation in this activity 
is mainly through scholarships and fel
lowships intended to assist students with 
their educational expenses.

2. Intramural—done within the reporting
organization, i.e. agency or unit.

3. Capital expenditures—expenditures on 
land, buildings and non-expendable re
search equipment used for R&D and 
other scientific activities. In the case of 
multipurpose facilities, capital expendi

tures should be apportioned between 
scientific and non-scientific activities (or 
between R&D and other scientific activi
ties) on the basis of proportion of time 
devoted to various activities.

4. Personnel classifications:

4.1 Professionals: personnel with at least 
one degree from a university or college 
plus those without such formal qualifica
tions who are in job classifications for 
which such qualifications are normally 
required, (i.e. research scientist, statisti
cian, economist).

4.2 Technicians: technically trained per
sonnel who assist professionals engaged 
in scientific activities. Normal qualifica
tions are certification by provincial 
education authorities or by scientific and 
engineering associations (provincial and 
national). Also included are personnel 
who do not have such certification but 
who are in job classifications for which 
such qualifications are normally required 
(e.g. technical officer).

4.3 Workers: skilled craftsmen or unskilled 
help who assist professionals and techni
cians in their work (e.g. machinists and 
electricians).

4.4 Other supporting personnel: adminis
trative personnel such as clerks, typists, 
accountants and storemen. (Do not 
include persons only indirectly involved 
in scientific activities, such as janitors, 
cafeteria workers and security guards, or 
persons engaged in the construction of 
facilities for scientific activities.

5. Agency and unit
a) Agency is the term used for organ

izations under the jurisdiction of the 
Federal Government such as Depart
ments, Crown Corporations, Commissions 
or Boards.

b) Units denote groups (e.g. sections or 
divisions) operating within an Agency.
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NATIONAL RESEARCH COUNCIL OF CANADA

(A REPORT IN SUPPORT OF THE BRIEF 
PRESENTED TO

THE SENATE SPECIAL COMMITTEE ON SCIENCE POLICY)

I. STATUTORY RESPONSIBILITIES AND FUNCTIONS

Under the National Research Council Act (Appendix A), 

the Council has been assigned a broad responsibility "to undertake, 

assist or promote scientific and industrial research", and "has 

charge of all matters affecting scientific and industrial research in 

Canada that may be assigned to it by the[ Privy Council Committee 

on Scientific and Industrial Research]". In general terms the role 

of the Council is that of developing and nurturing a national capa

bility in scientific and industrial research, and of deploying 

scientific research for national benefit.

In order to carry out these broad functions, and to 

ensure that the Council is responsive and adaptive to changing needs 

and new opportunities, a continuous and detailed monitoring of the 

whole of science and engineering is essential. The broadly re

presentative character of the Council itself, as well as a strong 

cadre of advisory and associate committees, provide the Council 

with the board and detailed input necessary for decision-making and 

policy formulation on all aspects of scientific research in Canada.

In this respect the Council also derives a special advantage from its 

own laboratories, whose staff represent a broad spectrum of scientific 

expertise and maintain close contact with industrial laboratories,

29009—5
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university laboratories, and other federal government laboratories.

The development and support of a strong indigenous 

science requires provision for research manpower training, support 

of research operations and experimental research facilities, common 

research services (as for example, library and scientific information 

services, scientific publications, standardization, analytical services, 

etc.), research co-ordination, scientific societies, research con

ferences and other activities which, in aggregate, contribute toward 

a favourable research environment.

The research activities sponsored by the National Research 

Council are intramural and extramural. In recent years there has been 

greater emphasis toward extramural research support, due in part to 

a rapid expansion of university research activities and in part to an 

urgent need to promote and assist industrial research.

II. ORGANIZATION

The National Research Council of Canada consists of the 

President, the Vice-President (Administration), two Vice-Presidents 

(Scientific) and not more than 17 other members appointed by the 

Governor in Council. The Council is a body corporate and is required 

to meet at least three times a year in the city of Ottawa.

The Council is responsible to a designated minister who 

is a member of the Committee of the Privy Council on Scientific and 

Industrial Research. Mr. C.M. Drury, President of the Treasury
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Board is the present Minister reporting to Parliament for the National 

Research Council. Except for the four permanent officers, Council 

members are appointed for a term of three years and serve without 

salary. Council members are drawn from the senior staff of Univer

sities, Industry and Labour, with an attempt to achieve a broad base 

of advice, both as to scientific discipline and regional representation.

A recent executive re-organization has provided, in addition 

to the statutory Vice-Presidents, two additional senior positions and a 

more functional re-arrangement of responsibilities. Areas of respon

sibility are detailed in the organization chart (Appendix B).

The N. R.C. laboratories are now organized in ten divisions 

and two regional institutions - the Divisions of Biosciences, Applied 

Chemistry, Pure Chemistry, Applied Physics, Pure Physics, Building 

Research, Mechanical Engineering, the National Aeronautical Establish

ment, Radio and Electrical Engineering and the Division of Radiation 

Biology, plus the Atlantic Regional Laboratory and the Prairie 

Regional Laboratory. The necessary administrative services are 

organized separately to take as much of the administrative burden as 

possible off the shoulders of the people who are actually doing the 

research. In addition, there is a vast network of committees which 

are involved with advising Council as well as being active in the 

conduct of Council business. This very important structure is por

trayed in Appendix C. This committee structure draws heavily for

29009—51
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its membership on the whole scientific community of Canada and 

provides a very extensive role in information dissemination, as 

well as contributing to the co-ordination of scientific activities across 

the country.

Ill RESEARCH ACTIVITIES AND OPERATIONAL POLICIES 

III-l UNIVERSITY GRANTS AND SCHOLARSHIPS

The basic objectives in supporting academic research 

are the training of research manpower and the acquisition of new 

scientific knowledge. From its inception, the program of scholar

ships and grants-in-aid of research developed by the National 

Research Council, has been based on a number of fundamental 

principles:

1. Academic freedom and university autonomy must not be 

infringed upon. The individual professor has complete freedom to 

plan his own research with the consent of university authorities.

2. Research grants awarded by the National Research 

Council are considered grants-in-aid and are not intended to cover 

the complete costs. For this reason Council has been reluctant to 

pay "overhead" costs, but a general research grant is currently 

given to the university president to provide a flexible contingency 

fund.

3. Under our Constitution, provincial governments have 

the primary responsibility for education. Scholarships and research
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grants are therefore confined to graduate students and the researches 

of staff members.

4. Council has traditionally placed more emphasis on suppor

ting the gifted individual than on supporting the project, department

or institution. Experience has shown that unless there Is demonstrated 

competence in the individual, the funds expended rarely produce 

significant research results.

5. While Council has generally sought to support excellence, 

special consideration has been given to supporting promising individuals 

and groups in the emerging universities and developing disciplines.

This has been done through ’’starting grants” to young applicants who 

are new staff members, through supplementing the general research 

grants to institutions, and by negotiated development grants.

At present the awards policy is determined by three 

Standing Committees of Council, namely: (1) Committee on Scholar

ships and Fellowships; (2) Committee on Annual Grants, and 

(3) Committee on Negotiated Grants. About one hundred academic 

representatives from a wide spectrum of universities and disciplines 

are appointed, on a rotational basis, to serve on the grant selection 

committees that review and assess all grant requests. In addition, 

they make recommendations on major equipment requests and 

support of research institutes. Negotiated development grants are 

intended to provide an initial stimulus (normally three years) for
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important scientific and mission-oriented research activities in 

localities and in disciplines where such a stimulus is considered 

necessary. Past experience has shown that a number of different 

programs are needed to meet various objectives and new requirements 

as they arise. Periodically new programs are initiated on an 

experimental basis and those that are unsuccessful or become out

dated are discarded. More complete details are given in the 

publication "Support of Research in Canadian Universities by the 

National Research Council of Canada, March 1968".

An important criterion in assessing excellence in the 

scientist is the number and quality of his scientific papers, patents, 

products and processes. Scientific achievement can be evaluated on the 

basis of articles published in competently refereed journals and such 

papers are available for further scrutiny by grant selection committees.

The policy of the National Research Council is to support 

competent research in all fields and disciplines of natural science.

Some projects may fall in interdisciplinary fields at the interface of 

the natural and social sciences. It has been the policy of Council to 

take a flexible position in these borderline areas. Individual 

scientists and universities also receive research support from other 

government departments and agencies. A number of formal and 

informal liaison committees have been set up with representatives 

of these agencies.
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Within the grants program the main shift in resources 

has been towards support of new growing points in science which, 

with a fixed budget, naturally reduces the amount available in more 

well-established fields. At the present time all funds available to 

Council for university support are allocated and these seldom meet 

more than 60% of the requests received. Appendix D summarizes 

funds awarded during the past five years.

During the past fifty years, the National Research Council 

of Canada awarded some 11,000 scholarships to over 5,000 individuals. 

The growth rate of the program for the past five years is shown in 

Appendix D. The Council awarded over 2, 500 scholarships in the 

current year. A survey (Appendix E) shows that about 45% of NRC 

scholars are currently employed in universities while 25% are in 

industry, and 25% in Government laboratories. Most of the scholars 

found employment in Canada, though at any given point in time some 

20% are employed in the U. S. However, one third of these will 

eventually return to Canada.

Ill-2 THE INDUSTRIAL RESEARCH ASSISTANCE PROGRAM

This Program (IRAP) was initiated in 1962 as the third 

of five government programs to stimulate applied research in 

Canadian industry. It is specifically directed to establish a number 

of competent research teams in manufacturing companies in non

defence areas, with industry bearing at least half the cost. It is
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generally comparable with the Defence Industrial Research Program 

(DIR) in National Defence and is complemented by the Program for 

the Advancement of Induetrial Technology (PAIT) in the Department 

of Industry.

Administration is handled by N. R. C. , which has appointed 

Committees representing industry, university and government interests 

to establish guidelines and ground rules, and to approve grants. Par

ticular emphasis has been laid on reducing administrative requirements, 

conditions of grant and supervision of projects to the bare essentials, 

and on flexibility in meeting industrial needs as the Program develops.

Proposals of a company's own choice may be submitted, 

at any time, in a prescribed format. They are examined by the 

N.R. C. Secretariat as to general eligibility, and assessed by senior 

scientists from N.R. C. and appropriate government departments as 

to the quality of the research and the personnel to be employed. They 

are then reviewed by a Committee of senior executives from government 

departments and agencies concerned with industrial research and 

production, commerce and finance, who also provide cross representa

tion on DIR and PAIT Committees.

The Committee ensures that funds are not concentrated 

unduly in any one company, industrial field or geographical area, 

and that the research is related to improvement in the national 

economy. Scientific liaison officers are appointed to each project
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to observe progress and make government resources available as 

necessary. Projects are treated as commercially confidential and 

companies retain all patent rights. Grants are non-recover able and 

apply to relatively long term applied research of three to five years 

duration. They are renewable each year, subject to satisfactory 

progress, and companies may re-orient or enlarge their programs. 

Support is limited to the salaries of research personnel added to the 

company staff on a permanent basis, salaries of university professors 

serving as advisors, and university summer students. Although each 

project must have a process or a product field in view, commercially 

applicable results are not necessarily expected within the term of 

support. Subsequent R&D required to convert laboratory results into 

commercial products is not supported, this being a function of PAIT.

Growth has been at a natural rate governed by initial 

shortages of senior scientists, time to build laboratories, and the 

share of company funds available for investment in the IRAP.

Detailed records kept of each project reveal a definite increase in 

laboratory facilities and the number and quality of research personnel 

attributable to IRAP. Over half of the 131 companies involved are new 

to research and only 17% also receive support from PAIT and DIR. 

About 25% of the companies are small and several have been success

ful, although the failure rate is higher in this sector. Many large 

companies have expanded their facilities and research budgets
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considerably, undertaken more sophisticated research and entered 

new fields, including some areas previously left to government.

Most response has come from Ontario and Quebec, a good response 

from Western Canada and very little from the Atlantic Provinces.

The projects have served as focal points, bringing government, 

university and industrial scientists together and improving communica

tion, leading to increased use of government and university resources 

and a better understanding of industrial needs.

Research costs per professional compare quite favourably 

with those current in U. S. A. and Canadian industry. The cost sharing 

ratio has changed somewhat, the average company share increasing 

from 51% to 57%. Although funds have been sufficient to support all 

suitable projects until the current year, the entire Program only 

compares in personnel and budget with that of a medium-sized 

industrial laboratory in the U. S. A.

IRAP activities and results are documented in more 

detail in Appendix F.

III-3 INTRAMURAL RESEARCH - NRC LABORATORY PROGRAMS

Rather than attempting to enumerate the work of each 

Laboratory Division in any detail, this brief survey will emphasize 

the philosophy and policies behind their operations with some illus

trative examples here and there. A condensed listing of Research 

Projects is given in Appendix G. A fuller account of the various
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Divisional programs are published annually in the "Review of the 

National Research Council of Canada". (Published by NRC, Ottawa, 

Canada, N.R.C. No. 10159).

The internal scientific programs have been grouped under 

twelve Divisions, ten in the Ottawa area, one at Halifax and one at 

Saskatoon. With two or three exceptions, the titles of the Divisions 

(as of March 1968) are descriptive of their current research programs 

in broad terms only, since some of the designations have not kept 

pace with the continuous metamorphosis of the respective divisional 

programs. However, the organization is flexible and re-alignments, 

both intradi visional and inter divisional, are continually underway, 

not for administrative convenience, but to adapt the available resources 

to changing conditions and demands through selection and concentration. 

The NRC s internal policy is designed to emphasize the interdisciplinary 

approach to to-day's research problems which often require a multi

faceted attack.

The broad goals of the NRC are both a deeper penetration 

into the secrets of nature and the application of the knowledge so 

gained to human problems, with a view to improving our society 

both intellectually and materially. At the present time, the major 

part of our research effort as measured in terms of both men and 

dollars, is devoted to programs that appear to promise more immediate 

material returns, but this does not necessarily imply that more
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importance is attached to short term applied work. In part, this also 

reflects the price of providing to the country certain special RfcD 

facilities too expensive for industry to afford, such as wind tunnels, 

seaway models, ship basins, antenna ranges and fire research 

facilities. For the most part, research programs tend to be of the 

longer-range exploratory type. Although devices and products 

frequently result, the primary objectives should be feasibility and 

'know-how* , rather than product development. The latter is more 

appropriately carried out in industrial laboratories, or by co

operation with Industries.

The Divisions of Pure Physics and Pure Chemistry engage 

in selected basic research, where the main guiding principle is to 

support highly competent investigators who, themselves decide to a 

great extent the direction the work will take. A wise administration 

does not attempt to direct closely or to channel basic research while 

it is in progress. Its role is to assess the results, from time to 

time, in order to decide whether to continue and enlarge the support 

or to withdraw from the field. The judgment of scientists world-wide 

is the most useful factor in determining the value of basic research, 

whether or not that knowledge shows promise of application. In 

addition, the administration may indeed try to evaluate the practical 

potential but this is very difficult. Sometime, somewhere, it is a 

virtual certainty that any front-line research will be utilized in some
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form for man’s material betterment.

At the other end of the research spectrum are the 

Division of Building Research and the National Aeronautical Estab

lishment which could be described as "mission-oriented". DBR'i 

programs are tailored to its role as a research and information 

agency serving both the construction industry across Canada and 

other government departments and agencies, notably Central 

Mortgage and Housing Corporation. The major efforts of NAE's 

laboratories are directed toward problems of the aerospace industry. 

NAE also acts as the aeronautical research arm of DND and DOT.

In both Divisions the majority of the programs and projects are 

closely monitored and co-ordinated at all levels, since the desired 

end products, whether hardware or information, are as a rule 

determinable in advance. Both of these Divisions do undertake some 

fundamental researches, from time to time, where the initiative 

usually stems from the needs of the applied programs.

The Division of Mechanical Engineering is also near the 

applied end of the spectrum. Broadly speaking, the major activity 

of DME is in the transportation field - land, sea and air. In 

particular, the St. Lawrence Seaway has received considerable 

attention for several years, and investigations into other aspects 

of coastal engineering and river hydraulics are also current. The 

railways have come to rely on the Division for advice on their
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problems. In the aeronautical field, of course, the Division works 

intimately with NAE to ensure that their respective programs dovetail.

Somewhere midway along the spectrum may be found the 

Divisions of Applied Chemistry, Applied Physics, Biosciences and 

Radiation Biology. The programs of these Divisions are oriented 

towards solutions of practical problems, but they also endeavour to 

allocate some of their resources to fundamental work for which a 

"pay-off" in material terms may be many years ahead. Acoustics 

and photogrammetry are but two examples of major programs in 

Applied Physics which are geared specifically to obtaining practical 

answers of use to industry and government, and for which there have 

been created special facilities unique in Canada. Many of the physical 

standards that have been established to date were developed in the 

Division of Applied Physics - a process that continues to demand 

basic research of the highest calibre. Radiation Biology was 

recently set up to investigate the effects of radiation on living 

creatures. However, since this is closely related to several 

biological investigations now under way in the Division of Biosciences, 

a coalescence of the programs of these two Divisions is now under 

way. The emphasis of these programs is on research into the 

physical and chemical aspects of biology as contrasted to the 

medical and clinical aspects. The Division of Applied Chemistry 

has been involved in the development of several important commercial
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processes. However - and this is typical of the NRC as a whole - 

the Division's reputation as advisor and consultant to the chemical 

industry is sustained by good men in basic research who are 

strongly motivated to "following through" in applied work.

The largest unit, the Radio and Electrical Engineering 

Division, is perhaps also the most heterogeneous, since its 

activities range from radio astronomy and the physics of surfaces 

on one hand to the development of radar antennas and navigational 

aids on the other. Provided the sub-units are not too small to 

be viable this heterogenity (which also exists to a considerable 

degree in the other Divisions) has been shown to be most effective 

in cross-pollinating the ideas of the basic and the applied scientists.

The Prairie Regional Laboratory, located on the campus 

of the University of Saskatchewan, and the Atlantic Regional 

Laboratory on the grounds of Dalhousie University, were estab

lished to carry out investigations peculiar to the local conditions 

and in this endeavour they have been moderately successful. In 

both cases the scope of their programs has been biological in 

nature, broadly speaking, with the emphasis at PRL leaning 

toward agricultural developments and at ARL toward utilization 

of products of the sea.
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III-4 ASSOCIATE COMMITTEES

The National Research Council Associate* Committees 

have proved to be one of the most effective instruments for 

studying, co-ordinating and promoting research on problems of 

national significance. The members of these committees are 

experts in the different aspects and disciplines related to the 

problem and are drawn from university, industry and government 

laboratories. Such representation brings to the committee a 

multidisciplinary capability and a diversity of research resources. 

An associate committee collects and collates the necessary 

information, delineates research problems, co-ordinates research 

and, if necessary, may initiate new research. Over the years 

these committees have been very successful and this mechanism 

has been adopted in other countries.

A few committees have been in existence for over 

40 years and continue to record notable accomplishments but 

others have performed their task and been disbanded. Currently 

there are 42 associate committees dealing with a wide variety of 

national problems (see Appendix C). To exemplify the inter

disciplinary nature of their research activities, the diversity of 

problems and methods of operation, the work of four selected

committees is outlined below.
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Grain Research

The Associate Committee on Grain Research is one 

of the Council's oldest associate committees. The excellent 

baking quality of Canadian wheat was established by the variety 

Marquis, but it was susceptible to rust. For over 40 years new 

rust-resistant varieties have been produced continuously by the 

Canada Department of Agriculture, but their baking quality has 

to be determined to confirm that they are "equal in quality to 

Marquis" as required by the Canada Grain Act. The committee 

devised procedures for testing the baking quality of exceedingly 

small samples followed by the application of these tests to the 

new varieties. Prior to the establishment of the National Research 

Council's laboratories, this work was done in university laboratories 

under grants made by the committee.

Procedures for testing the quality of other cereals 

and oilseeds (macaroni wheat, malting barley, rape seed, etc. ) 

have also been developed by the committee. Application of all 

these tests is now routine and is done largely by government and 

industrial laboratories but the committee interprets the results 

in terms of quality and makes its recommendations to competent 

authority. Other studies by the committee have provided the 

basis for modern grain-drying and grain-grading procedures 

including an examination of their suitability for new baking

29009—6
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technologies. These committee activities have improved quality 

and established a high level of confidence in Canadian grains that 

has increased exports. This objective could not have been 

attained without close co-operation between specialists in uni

versity, government and industry.

National Building Code

All building must conform to certain minimum 

standards in the interests of public safety. Under our Constitution 

building regulations are a provincial responsibility and these have 

been delegated by provincial governments to municipal authorities. 

This has led to a diversity of local building bylaws that were 

often conflicting. As early as 1941 Council, as a result of the 

first Dominion Housing Act, produced a model bylaw or code that 

could be used by municipalities.

In 1948 responsibility for the Code was assumed by 

the Associate Committee on the National Building Code, supported 

by technical and secretarial services provided by the Division of 

Building Research. The committee is made up of experts from 

all parts of the country, from all segments of the construction 

industry, plus public interest representatives. Revised and 

improved versions of the Code were issued in 1953, I960 and 1965, 

and further revisions will appear at five-year intervals. Adoption 

of this Code remains a voluntary matter but it is now used as a
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guide for all federal construction, is mentioned by name in the 

Municipal Acts of six provinces, and is used by the four other 

provinces and 80% of the cities in Canada. In effect it has 

become the building regulation for over three-quarters of the 

Canadian population.

Geodesy and Geophysics

The physics of the earth or ‘'geophysics" encompasses 

studies far beyond that of a single discipline and its practitioners 

represent a multitude of scientific disciplines. No other nation 

compares with Canada in the range of opportunities for geophysical 

research. For example, the North Magnetic Pole, the Polar 

Continental Shelf, and the Canadian Shield all lie within its 

territory. One-third of the fresh-water in the world is in Canada, 

we border on three oceans, the Great Lakes, and have vast areas 

of snow, ice, glaciers and permafrost.

This rich field for scientific study presents problems 

as well as opportunities. An adequate network of survey and 

monitoring stations covering our vast territory is required to 

provide data for meteorology, seismology, gravity, magnetic and 

other surveys. The Associate Committee on Geodesy and Geo

physics provides a national forum for scientists from universities, 

federal and provincial governments and industry. It also acts as 

the Canadian member of various International bodies devoted to

29009—6*
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International co-operation and scientific exchange in this field. 

Agricultural and Forestry Aviation

While the combination of aviation expertise and the 

products of modern chemistry have been of inestimable benefit 

to world food production, the social and financial benefits of 

aerial spraying of pesticides are sometimes accompanied by 

side-effects that present formidable problems. Aerial application 

of agricultural chemicals in Canada is increasing at a rate of 

nearly 20% annually. Ideally, these biologically active chemicals 

should be applied in just the necessary and sufficient concen

tration. If this ideal is not achieved, the process is inefficient 

and may contribute to pollution of our soil, air and water in 

addition to undesirable acute effects.

The Associate Committee on Agricultural and Forestry 

Aviation was set up in 1965 to provide a medium for communi

cation between specialists in the agricultural, foresty, medical 

and aeronautical sciences, regulatory agencies of government, 

commercial suppliers of agricultural chemicals and aerial spray 

operators. During its three years of existence, the Committee 

has made working contact with actively interested organizations 

and individuals in all the provinces of Canada, with appropriate 

organizations in the United States and overseas, and with the 

International Agricultural Aviation Centre at The Hague.
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III-5 SCIENTIFIC AND TECHNICAL INFORMATION SYSTEMS 

a) TECHNICAL INFORMATION SERVICE

This Service helps small secondary manufacturing 

companies to keep abreast of new developments in technology 

and research on a no-fee basis. Field engineers, all university 

graduates with many years of industrial experience, operate from 

eleven field offices across Canada and personally visit companies 

to discuss their problems.

The Service operates in three sections. The Technical 

Enquiry Section provides information to solve production problems 

concerning the properties and processing of materials. If a field 

officer cannot answer the query directly, it is referred to the 

T. I. S. staff in Ottawa, also engineers with widely varying indus

trial experience. They have numerous sources of information 

located in government laboratories and departments, in the 

National Science Library and its vast network of library resources, 

in large companies and industrial associations, and in foreign 

countries. The answer gives background information on the 

problem, articles and texts applicable to its solution, advice on 

how to use the information, a bibliography of other material to 

enable the enquirer to study the problem further, and the 

location of this material.

The Industrial Engineering Section assists companies
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on a do-it-yourself basis to resolve their operating problems.

This is done by supplying information, guidance and assistance 

in the analysis of work situations, improvements to production 

processes and facilities and implementation of systems by which 

management can operate and control production processes for 

optimum results.

Companies are encouraged to train their staff in 

industrial engineering techniques and are advised on sources of 

training or consulting services of a specific nature.

The Technological Developments Section provides 

information selected as having particular application to Canadian 

industry. It provides Technical Reviews of new developments, 

giving a summary of the state of the art and a bibliography of 

up-to-date references. It has sponsored a small collection of 

technical films covering industrial engineering techniques and 

new production processes, administered for it by the National 

Film Library.

Its major effort is concentrated on providing Check

lists of titles of articles, selected from hundreds of technical 

journals and other sources as being suitable for particular fields 

of industry and for particular companies in each field. Computer 

techniques are used to match the special interests of some 3,000 

participating companies with this selected material. The items
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requested by the companies from these Checklists are then used 

to provide further Checklists for the remaining 27,000 odd 

companies not registered in the computer program.

T. I. S. also exchanges considerable information with 

similar organizations in other countries and has assisted some 

developing countries by training personnel and answering their 

industrial queries.

The Enquiry Service has been operating for twenty- 

three years and has built up a clientele of both large and small 

companies. Their continued use of the service indicates its 

value and some 14,000 queries are answered annually. The 

Industrial Engineering Service is filling a major need, the 

material benefits of which are quite obvious in improved produc

tivity. The Technological Developments Section is still experi

mental in nature but a definite need has been indicated by 

industry, which has been most co-operative in developing the 

service. This probably will become the largest section in T. I. S. 

The co-operation with foreign countries presents an opportunity 

for an organized and inexpensive program of external aid to fill 

a technical need not covered by existing programs. Its operations 

are described in more detail in Appendix H.
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b) NATIONAL SCIENCE LIBRARY

The National Science Library, the major science 

library in Canada, is & responsibility of the National Research 

Council under its Act. It is essentially an information transferral 

agency. Its activities are designed to provide Canadian scientists, 

engineers and industrialists with direct and immediate access to 

publications and information required in their day to day work.

The Library's resources of 725,000 volumes have been 

developed in close co-operation with other federal libraries, to 

the point where there exists one of the world's outstanding 

collections of scientific and technical literature. The NSL's 

services reinforce and supplement local information services 

rather than supplant or replace them. Through these co-operative 

measures and utilization of Telex linkage with world-wide infor

mation services, the NSL serves as the focal point of a national 

scientific and technical information network.

Typical of large science libraries, periodicals or 

journals account for 80% of the NSL's collection. Of the 16,000 

journals currently received approximately 2000 titles are obtained 

through exchange agreements with 61 countries. The Library is 

a depository for publications issued by such agencies as the U. S. 

Atomic Energy Commission, U. K. Atomic Energy Authority,

Rand Corporation, NASA and the U. S. Clearinghouse for Federal



Science Policy 111

Scientific and Technical Information. Publications from this 

latter agency are received in the form of microfiche representing 

20,000 technical reports per year.

In November 1966 the NSL was assigned the additional 

responsibility of serving as the national bibliographical centre 

for the medical and health sciences. In keeping with this 

assignment the Library is strengthening its medical collection 

and now receives all but 150 of the 2,300 journals indexed 

regularly by Index Medicus.

The Library’s resources are publicized by a wide 

variety of publications which are compiled using computerized 

techniques and distributed at regular intervals, and without 

charge, to libraries and scientific organizations across Canada.

Its information services are carried out by a staff having science 

or engineering degrees or experience, and who are skilled in the 

art of answering requests for scientific information, in carrying 

out literature searches, compiling bibliographies and providing an 

SDI (Selective Dissemination of Information) service using both 

conventional and mechanized techniques.

The Library's mechanized SDI service utilizes a 

computer to scan the contents of 3000 journals and provides 130 

scientists in the Ottawa area with weekly lists of papers in their 

specific fields of interest. Steps are now being taken to extend
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this service on a national scale.

The provision of loans or photocopies of scientific 

papers is an integral part of the NSL's information services.

At present an average of 300 such requests are processed daily - 

50% from industrial firms, 30% from universities and 20% from 

other organizations and individuals.

The NSL's Translations Section maintains the "Canadian 

Index of Scientific Translations" which records the availability of 

more than 200,000 translations of foreign language papers. This 

Section also distributes to interested scientists copies of the 1300 

translated papers prepared for NRC scientists, and publishes a 

cover-to-cover translation of the Russian journal Problemy Severa 

(Problems of the North).

During the ten year period 1957-1967, the Library's 

collection expanded from 350,000 to 725,000 volumes. The number 

of loans and photocopies provided grew from 59,000 to 155,000 per 

year, while the requests for factual information, literature searches 

and bibliographies increased from 3400 to 24,000 per year.

The N. S. L. has grown to a point where it completely 

fills its available space designed 38 years ago. A new building 

to house the material and the personnel who work with it is at 

the architectural design stage and hence several years away at 

best. Until new premises are available, library services will be
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adversely affected by the congested situation, 

c) SCIENTIFIC PUBLICATIONS

The culminating step for most scientific researchers 

is the publishing of a research paper and thus the publishing of 

research papers is an integral and important part of the research 

process. As a major contribution to disseminating the results of 

research activities, the National Research Council entered the 

scientific publishing field in 1929 with the Canadian Journal of 

Research, a monthly publication. Keeping pace with the expansion 

of research in Canada, the initial Journal has proliferated through 

various intermediate stages so that now the Council publishes 

eight Journals covering the fields of Biochemistry, Botany, 

Chemistry, Earth Sciences, Microbiology, Physics, Physiology 

and Pharmacology, and Zoology. Two of the Journals are 

published bi-monthly; four are published monthly and two semi

monthly.

The continuing increase of research in Canada maintains 

a pressure on the Journals to grow in step. Thus the Journals as 

a whole tend to double in size every 6^ years, or about an average 

of 15% per year. This growth, of course, is not evenly distributed 

by years or Journals. For instance, in 1967 the Journals as a 

whole published 1,911 papers in 17,168 pages --an increase of about 

21% over 1966. The source of papers continues fairly steadily at
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70% Canadian papers to 30% papers from other countries, 

d) INTERNATIONAL EXCHANGES

The Office of International Relations has responsibility 

for the participation of the National Research Council in formal 

international scientific activities. The National Research Council 

is the adhering body in Canada for the International Council of 

Scientific Unions and most of its constituent unions. The National 

Research Council also holds membership, on behalf of Canada, in 

many other international scientific associations and organizations.

In addition, the National Research Council, in conjunction with 

the Department of External Affairs, has responsibility for Canadian 

participation in the activities of the Nato Science Committee and 

some of the scientific committees of the Organization for Economic 

Cooperation and Development.

The National Research Council operates a scientific 

liaison office in London with responsibility to maintain relations 

with scientific organizations in the United Kingdom and to report 

on scientific and technical developments.

The National Research Council has a scientific exchange 

agreement with the Soviet Academy of Sciences which provides for 

visits of scientists ranging from three weeks to nine months.

The Council has also accepted certain obligations for the exchange 

of scientists with France within the terms of the Cultural Agreement
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between the Government of the French Republic and the Govern

ment of Canada. Copies of these agreements and related 

information is detailed in Appendix I.

Of the 16,000 journals currently received by the 

National Science Library and using the Canadian Journals of 

Research as exchange media, approximately 2,000 are received 

from other countries on an exchange basis. Exchange agreements 

have been established with 61 countries, the majority of which are 

located in Europe.

111-6 RESEARCH SERVICES

a) STANDARDS AND CALIBRATION

In any country it is essential to both science and 

commerce to have access one way or another to a wide range of 

international physical standards. Accordingly the NRC is slowly 

building up a range of physical standards and has established to 

date a number in the fields of acoustics, colourimetry, electricity, 

mechanics (force length, mass, hardness etc.), optics, temperature 

time and frequency, and nuclear radiations. Some of the con

tributions in this field have been outstanding for example, the 

Canadian neutron standard has been accepted as the world standard.

Calibration services typically involve either a direct 

comparison between the user's instrument and the primary 

standard or a sequential comparison which interposes a secondary
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working standard. Since the NRC can scarcely be called upon 

to calibrate everyone's thermometers or scales, practical arrange

ments are usually worked out whereby the NRC will from time to 

time certify the accuracy of secondary standards, which may be 

maintained by a government department with regulatory powers, 

such as Trade and Commerce, or even by a commercial firm.

As an example of the latter practice the Department of National 

Defence contracts with one or more commercial firms to supply 

DND with calibration services, with the provision that the 

secondary standards employed by the firm are to be periodically 

certified by NRC.

b) RESEARCH TOOLS AND SPECIAL FACILITIES

Over the years the NRC has built up a large inventory 

of research tools and facilities, many of which are unique in 

Canada. Some of these are designed to support basic research 

programs, such as the Algonquin Radio Observatory, and the 

Churchill Research Range, while others, including the family of 

wind tunnels, the antenna ranges, and the ship testing basins, 

have been built in response to the needs of the industrial 

community.

The world's best radiotelescope for the reception of 

microwave radiation is at the Algonquin Radio Observatory and 

much of its observing time is booked by astronomers from
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Canadian universities, the Department of Energy, Mines and 

Resources, and some foreign observatories. The Churchill 

Research Range, at Churchill, Man. , is a large complex for the 

support of the launching of scientific sounding rockets for studies 

of the upper atmosphere. The U. S. A. built the range originally 

and currently contributes half the operating cost. At present, 

U.S. scientists launch about twice as many rockets as the 

Canadians, and in Canada the university usage outweighs that of 

the NRC scientists. A third example of a facility designed to 

support basic research is a number of high-re solution spectrom

eters and spectrographs, acknowledged to be the best anywhere.

The low-speed wind tunnel alone has been involved in 

the aerodynamic development of at least twenty different types of 

Canadian-produced aircraft, ranging from the CF -100 to the 

Beaver -Otter -Caribou series, for which the total sales have been 

estimated to exceed two billion dollars. It is still working one 

full shift a day exclusively for Canadian industry. In addition, 

the 5-foot trisonic tunnel with a speed range of Mach 0. 2 to 4. 5, 

and the hypersonic helium tunnel which will test models to 

Mach 17 or higher, have each proven their worth. Shortly to be 

commissioned is the 30-foot Vertical/Short Take-Off and Landing 

tunnel which is expected to be essential in developing aircraft to 

operate in Canada’s north.
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Some special-purpose facilities, such as the Seaway 

model and the model of the St. Lawrence River now under 

construction in co-operation with the Department of Transport, 

are designed to solve major problems of this waterway. This 

investment will be returned if as little as 1% of the cost of the 

full-scale installations can be realized as a result of the model 

researches. The towing tank and the ship model basin also 

represent other special facilities, to support research related to 

Canada's ship-building industry.

The major part of the physical resources of the 

Division of Building Research is a unified research facility to 

aid the Canadian construction industry. Load-measuring devices,

heat and moisture transfer instrumentation, and soil testing gear 

represent a part of the investment for this purpose. The fire 

research complex, incorporating special furnaces and equipment 

for studying materials at high temperatures, is one of the best 

on the continent.

Most of the research facilities described so far are 

physically rather large and impressive. However, one should 

mention a few, at least, of the many smaller and less spectacular 

tools which have been developed in the laboratories and which, in 

gross, may have contributed just as much to Canadian science and 

commerce -- some of these are pocket size. Mass spectrometers
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and high vacuum gauges invented in the NRC laboratories are used 

worldwide, and have even flown to the moon. Various electronic 

and mechanical instruments developed to aid medical researches 

have now been adopted for clinical use as well. Our techniques 

for building precision calorimeters are recognized to be the most 

advanced to date.

The Computation Centre, built around a pair of IBM 

360/50's is an important facility to support many different 

research programs. The capabilities of the Centre are being 

improved as fast as available funds and people will permit, for 

example, the development of specialized software, but the 

requirements of the scientists continue to outstrip the capacity 

of the computers.

III-7 OTHER RESEARCH PROMOTION 

Special Activities

A special activity of the National Research Council of 

Canada in the general area of research promotion is the support 

for conferences and symposia. In the past 5 years the number 

of conferences and symposia supported by Council are as follows:

1963-64 1964-65 1965-66 1966-67 1967-68

14 15 19 31 24

The regional distribution of these awards in the last

29009—7
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5 years is as follows:

West Coast 3

Prairie Regions 19

Ontario 51

Quebec 21

Maritimes 9

As an example, a typical list of conferences and 

symposia supported in one year is given in Appendix J.

The National Research Council of Canada awards 

travel grants to university staff members to assist in meeting 

the cost of attending conferences, meetings, symposia, normally 

outside of North America, or towards the cost of visiting 

laboratories abroad for short periods. The following shows the 

number of travel grants awarded in the last 5 years:

1963-64 1964-65 1965-66 1966-67 1967-68

97 140 135 226 252

Divisional Conferences

The Divisions of the National Research Council also 

organize conferences, symposia and seminars, in addition to 

those supported by the Awards Office.

The Division of Building Research has organized a

total of 7 Building Science Seminars, one or two being given
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each year on selected subjects. Presentations are made by 

Divisional staff and attract up to 500 persons interested in 

manufacture, construction and operation as well as design. The 

Division of Applied Physics sponsored three international symposia 

on Photogrammetry, Glacier Mappery, and Photo and Orthophoto 

Maps, the latter jointly organized with the Canadian Institute of 

Surveying. The Radio and Electrical Engineering Division has 

arranged 4 such symposia ranging from electrical hazards in 

hospitals to high voltage and have held 4 additional joint meetings 

with international or national organizations. In the older and 

more established fields of science such as chemistry, physics 

and biology, there are a number of general or specialized 

national or international societies, and the work of the Divisions 

can usually be presented at the annual meetings of such groups. 

Here the staff may be responsible for much of the organization 

of the meeting and most of the presentations. For example, the 

Division of Applied Chemistry has contributed to the meetings of 

the Canadian Association for Applied Spectroscopy and the 

Canadian High Polymer Forum. In addition, the Canadian 

Institute of Chemistry conferences have been supported by the 

Divisions of Applied Chemistry, Pure Chemistry and Biosciences. 

More specialized groups include the conferences of the Electro

chemical Society and an international conference on Passivity in

29009—7J
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metals. The Division of Biosciences has organized annual 

conferences on Cold Physiology and Plant Physiology, in addition 

to being major participants in such biological societies as the 

Canadian Society of Physiology, Canadian Biochemical Society, 

and the Canadian Society of Microbiologists. Upwards of 300 

papers are presented annually by individual staff members at 

national and international conferences.

Ill—8 RELATIONS BETWEEN NRC AND OTHER FEDERAL 
DEPARTMENTS AND AGENCIES

At first glance, the scientific activities of federal 

government agencies may appear to an outsider to be wholly 

uncoordinated, and Ottawa to be a scientific jungle. This is not 

the case. When Council's laboratory operations were commenced, 

circa 1930, several departments, notably Agriculture and Mines, 

were already engaged in scientific research related to their 

missions. As NRC established its laboratories, a policy was 

followed not to engage in applied research work in fields already 

undertaken by other agencies in support of their missions.

In general, it has become accepted that any federal 

department or agency with a mission should be responsible for 

the research essential to its mission. This leaves certain fields 

of applied science as the territory for one single agency or 

department, without any uncertainty or doubt in the minds of 

persons in other agencies as to where the interdisciplinary
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boundary fences are. There are one or two notable exceptions 

which are also clearly understood, for example, NRC has 

possessed and operated federal government wind tunnels primarily 

as a service to industry, but also serving Air Canada, the 

Department of Transport and the Department of National Defence.

It must be noted that as the size of the National 

Research Council's organization has expanded, portions have been 

detached and set up as autonomous agencies. In particular, the 

Medical Research Council, the Defence Research Board, Atomic 

Energy Control Board and Atomic Energy of Canada Limited are 

organizations stemming from responsibilities and activities initially 

carried by NRC.

Much of the co-ordination which exists is a direct 

outcome of good personal relationships between deputy heads of 

agencies and heads of scientific subdivisions. A notable example 

of effective co-ordination is the Canadian Committee on Ocean

ography, established about 1943 under the sponsorship of NRC.

This Committee is self-appointed, and does not report to any 

Minister or agency. Its members are of deputy minister and 

assistant deputy minister rank from departments and agencies 

carrying out research activity in the field of oceanography. In 

particular, it makes an effort to achieve full and effective use 

of federal government ships and aircraft from which scientific
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missions in oceanography can be performed.

The National Research Council and many other 

government departments from time to time establish committees 

usually to advise the deputy head with respect to scientific matters 

in the department concerned. There has always been a willingness 

for scientists in one department to give unstintingly of their time 

to serve on committees of this kind. The REVIEW of the National 

Research Council of Canada provides lists of Council committees 

on which representatives from other departments serve and the 

names of NRC staff members serving on committees of other 

departments and agencies.

IV. RESEARCH OUTPUT

IV-1 PATENTS, NEW INDUSTRIES, TECHNOLOGIES AND PROCESSES

Patents arising from research activities at the 

National Research Council of Canada have been directly respon

sible for setting up at least two fairly large industries in Canada. 

Research work on obtaining refractory materials from native 

rock deposits, on which about 80 patent applications were filed, 

has built an industry which has had a sales volume of approx

imately $22, 000,000 per year in the years 1962-67. Research 

work on the production of magnesium resulted in the filing of 

approximately 65 patent applications and the creation of another 

industry which had a sales volume of approximately $6,500,000
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per year in the years 1962-67. These are two outstanding 

examples of the results of research having been applied to 

benefit the economy of Canada.

During the five-year period under review, scientists 

and research workers have submitted some 267 proposals for 

patents, on which 107 patent applications have been filed. Licenses 

have been granted on 34 of these inventions to 21 licensees. 

Royalties received indicate that the sales volume from the 

inventions licensed is approximately $19,000,000 for the same 

period.

Several companies have been formed in recent years 

which depend heavily on NRC inventions. For example, Guildline 

at Smiths Falls, Ont. , established an export market based largely 

on their production of a precision potentiometer and other instru

mentation developed at the National Research Council. The firm 

is now expanding its facilities to meet the coming demand for 

NRC -designed current and voltage comparators. As another 

example, Leigh Instruments of Carleton Place, Ont. , has realized 

about $15 million to date in sales of the NRC crash position 

indicator -- a figure which does not include the savings in 

reduced costs of air -ground searches. Following successful tests 

of NRC's airborne radar altimeter in Canada and also over 

Guatemala's tropical rain forests Leigh Instruments is now
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tooling up for an anticipated world-wide market for this potent 

aid to forest inventory and control.

The above are two examples in which the NRC's 

contributions form the mainstay of the company's operations.

More often, the NRC’s role has been to stimulate a new product 

or a branch operation in an established firm or industry: a few 

examples of this will be found in Section IV-4, "Some significant 

projects". While the dollar value of the NRC-inspired product 

would not necessarily make or break the company it can be quite 

appreciable in some cases, for instance, Canadian Aviation 

Electronics of Montreal ascribe about $9 million worth of sales 

to products originating from the airborne magnetometer project.

The construction industry is highly dependent on the 

NRC, both for innovations which instigate new products and for 

standards which help to stabilize existing market conditions. For 

example, sealed double-glazed windows are now used almost 

exclusively in all large commercial buildings. This is due in no 

small part to an NRC -developed standard of manufacture which 

has helped to overcome a rather chaotic situation previously 

arising from a very wide variation in the quality of different 

manufacturers' products.

Not infrequently the NRC scientists move into the 

company's plant to aid in establishing a new technique or to
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assist in trouble-shooting an existing process. The chemical 

industry, perhaps more than others, has benefitted from this 

practice. On one occasion recently, NRG scientists carried out 

experiments in the smelter department of a Quebec copper firm 

and came up with an answer to their problem of just when to 

terminate the copper oxidation process for maximum efficiency.

In another case, on-site calibration of the electrical instrumentation 

was found to be the solution at a plant where the apparatus had to 

operate in close proximity to very large electrical currents.

IV-2 PUBLICATIONS

During the period 1962-67 the scientific and engineering 

staff of the National Research Council reported the results of 

original research and investigation in approximately 3300 papers. 

The majority of these papers (approximately 90%) were published 

in international scientific and technical journals. The remainder 

appeared as bulletins in a series or as separate reports. The 

total figure cited above does not include a wide variety of bulletins, 

brochures and reports which deal with the activities and services 

of a specific NRC division or of the NRC as a whole.

Samples of NRC publications are listed below. A 

complete listing is given in Publications of the National Research 

Council of Canada, a computerized listing and index prepared and 

published by the National Science Library.
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NRC Review. Contains reports of the directors of divisions 

and heads of sections and accounts of the work of the Council's 

committees. Includes a roster of scientific staff. Also includes 

a Review of the Medical Research Council.

NRC Research News. Quarterly news bulletin featuring 

selected projects of the National Research Council.

Quarterly Bulletins of the Division of Mechanical Engineering 

and the National Aeronautical Establishment and of the Radio and 

Electrical Engineering Division.

Quarterly Progress Reports of the Division of Applied Physics 

and the Division of Pure Physics.

National Building Code and National Fire Codes. Publications 

issued by NRC Associate Committees.

Canadian Universities: Research in Science and Engineering.

1965 Universités Canadiennes: Recherches en Sciences et en 

Génie. (NRC 8840). Published by the NRC Office of International 

Relations and Economie Studies.

Annual Report on Support of University Research.

Graduate Students at Canadian Universities in Science and

Engineering. 1967-68.
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Union List of Scientific Serials in Canadian Libraries.

2nd ed. 1967. 2 vols.

IV-3 PERSONNEL POLICIES OF THE NATIONAL RESEARCH 

COUNCIL

a) The National Research Council Act assigns to the 

National Research Council the responsibility for the selection 

and promotion of its staff. The Council's responsibility for staff 

matters is in turn assigned to a Standing Committee, the Board 

of Selection, composed of Council members. They are given full 

responsibility for examining all recommendations for appointment 

or promotion, for seeing that personnel policies laid down by the 

Council and the government are adhered to, and for maintaining 

a high standard of excellence throughout the organization. The 

Board meets more frequently than the Council, perhaps five or 

six times a year depending upon the need and submits its 

recommendations to the Council. Thus, the Council, is respon

sible for staff appointments, which is considered to be vital to 

the operation of a scientific laboratory.

The Director of each of the Council's Divisions is 

responsible for the assessment and development of his staff and 

for making all recommendations concerning staff to the Board of 

Selection. To achieve uniformity of treatment, each Director 

has his recommendations for appointments and promotions reviewed



130 Special Committee

by an interdivisional committee consisting of laboratory directors 

before presenting them to the Board. The Selection Board, has 

set a high standard of excellence for the Council and ensures that 

it is maintained.

For the purpose of evaluating scientific personnel, 

information on each candidate is considered under 5 main headings

1. Factual data about the individual including 

such information as age, educational background 

and salary history.

2. The candidate's academic record. Although 

it does not always hold, a high scholastic record 

is usually directly related to high achievement in 

the field of scientific research.

3. The candidate's achievements in the field of 

science. This includes his publications and an 

evaluation of their quality. Patents and engineering 

reports are also included among his achievements.

4. Relevant experience - where the scientist or 

engineer has worked, on what projects, and how 

his experience is related to the job for which he is 

now being considered.

5. Confidential references from previous employers 

and supervisore.
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Educational leave may be granted to members of the 

professional staff who do not have a doctor's degree but have 

rendered at least two years of satisfactory service in the division 

concerned and have demonstrated outstanding ability. An employee 

recommended for such leave must have academic qualifications of 

scholarship calibre and be considered suitable to become a con

tinuing member of the staff. Special training leave may be granted 

to members of the professional staff for short terms in order that 

they may obtain experience and training required in connection 

with the research programme of the division. Postdoctorate 

leave may be granted to members of the scientific staff who have 

completed formal academic training, and who have established 

outstanding records of scientific achievement in the Council 

laboratories, for the purpose of enabling them to derive benefit from 

contact with research workers in other established laboratories.

Scientific staff are normally appointed on a term basis, 

the standard length of term being three years. This arrangement 

provides at regular intervals an opportunity for reviewing each 

employee's relationship to the work of the Council. In practice, 

only a very small proportion of terms are not renewed but the term 

appointment system, together with high standards of selection, is 

considered to play an important part in maintaining a research staff 

of high quality. Term appointees enjoy the same general benefits,
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including superannuation, group medical plan, and payroll deduction

privileges, as do permanent public servants.
b) Postdoctorate Fellowships

The personnel policies outlined above apply to research

scientists formally appointed to the Council's staff. It should be 

noted however that a significant proportion of the scientific staff 

(in recent years approximately 20 per cent) is made up of post

doctorate fellows who have been awarded fellowships which are 

tenable for one year and are usually renewed for a second. The use 

of postdoctorate fellowships has provided, in addition to the research 

experience obtained by the fellows themselves, a steady turnover of 

keen young scientists whose diversity of training, experience and 

ideas has had a very stimulating effect on the research carried out 

in the Council's laboratories. The fellowships are open to nationals 

of all countries and have attracted to Canada large numbers of highly 

trained scientists who have then been available for recruitment by 

Canadian industry and universities.

A similar program of postdoctorate fellowships is 

administered by the National Research Council on behalf of several 

government departments with scientific laboratories.

c) Personnel Statistics and other Personnel Information

A variety of details relating to the nature and composition 

of personnel associated with scientific activities is attached in 

Appendix K. Also attached (Appendix L) is some information about



Science Policy 133

individuals who had the opportunity to train themselves in specialized 

fields with N. R. C. and who have subsequently left and made important 

contributions to their fields. This information is incomplete as it 

has not been possible to follow the paths of a number of professionals 

after they left the Council.

IV-4 SOME SIGNIFICANT PROJECTS

Outstanding achievements in areas of applied research 

and development are usually quite tangible in character, such as a 

piece of hardware, a process, or a compilation of technology-based 

information like the National Building Code. On the other hand basic 

research programs seem more likely to be noteworthy for the 

cumulative effect of a series of advances. As an example, the 

extensive work in our spectroscopy laboratory on determining the 

structures and properties of simple molecules has yielded a 

tremendous amount of highly significant data - in fact, it has been 

estimated that more than half of the total of the world's information 

on lighter molecules has originated in this laboratory. In a much 

more specialized field, NRC scientists have had until fairly recently 

a virtual monopoly on the observation and analysis of transient 

meteor spectra, a subject which has suddenly become of keen interest 

to space scientists studying the re-entry problem.

A recent highlight of the radio astronomy work was the 

successful measurement of the angular diameters of a number of
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quasars, carried out by Canadian scientists by means of simultaneous 

observations at NRC's Algonquin Radio Observatory, E. M. & R. 's 

Dominion Astrophysical Observatory at Penticton, B. C. , and the 

Jodrell Bank Observatory near Manchester, England. Worthy of 

remark is that not only were two government agencies and two 

universities (Toronto and Queen's) intimately involved, but that the 

job was done by an interdisciplinary group of astronomers, physicists, 

electrical engineers and technicians. An unexpected practical outcome 

of this work is the potential application of the technique to geodetic 

surveying.

As a by-product of their basic studies program the 

electron physics laboratory has produced several novel instruments 

for the production and measurement of high vacua, which is now of 

very great interest in technology and space operations. Perhaps of 

even greater benefit, following from this work, is the experimental 

extension of physical absorption isotherms well beyond previous work 

elsewhere, and the demonstration that these isotherms are universally 

applicable for the adsorption of all gases on all surfaces.

Basic research in chemical kinetics and photochemistry 

personally initiated by a former president of NRC (Dr. Steacie) has 

shed a good deal of light on the air pollution problem, and has also 

greatly helped the rubber, plastics, and petrochemical industries.

The synthesis of several commercially important chemicals has
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been made much less expensive by a process known as autoxidation.

The discovery in one of our laboratories of a suitable membrane for 

the process of "reverse osmosis" may permit even the largest city 

to re-cycle its water supply.

Through the co-operative efforts of scientists at the 

National Research Council and Canada Department of Agriculture, 

rape seed has been developed as a major crop in Western Canada.

Not only has this replaced nearly 1, 500, 000 acres, equivalent to 

about 30,000,000 bushels, of wheat, with an alternative profitable 

crop, it provided Canada with an excellent domestic source of 

edible oil. This advance was made possible when NRC scientists 

developed procedures for providing a complete analysis of the oil 

in half a rapeseed, thus preserving the germ end, and enabling CDA 

to make appropriate selections in their breeding program. In this 

way erucic acid, a component of rapeseed oil considered undesirable 

by industry, was eliminated. Rapeseed meal provides a high protein 

feed for domestic animals but it contains unpalatable substances. 

Methods have been devised at PRL to eliminate these undesirable 

effects.

An airborne magnetometer has been developed, using 

the latest techniques of the basic physics laboratory to push the 

limiting sensitivity of such instruments down to less than one ten- 

millionth part of the earth's magnetic field. With this device extensive

29009—8
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surveys of the Continental Shelf have been made which have added 

enormously to our store of geological information and, in particular 

have aided the search for off-shore oil. Among other applications 

it has been shown that the new magnetometer should double the 

detection range of anti-submarine aircraft.

The absorption of sound waves in acoustic tile suggested 

the idea of a perforated breakwater which, it turns out, not only 

absorbs the incident waves almost without relfection but also induces 

a shoreward current to prevent the washing-out of the footings, which 

is a usual source of breakwater failure. The prototype full-scale 

installation at Bale Comeau, Quebec, based on the NRC model, has 

been highly successful.

Critical analysis of aerial photographs showed that perma

frost areas could clearly be distinguished by certain characteristic 

shadings. This has greatly speeded up preparation of a permafrost 

map of Canada by the Division of Building Research. DBR also came 

up with the answer to a costly and bothersome problem posed by the 

residents of the "Limestone City" (Kingston, Ontario). It was shown 

that the reason concrete basements, and other concrete structures 

exposed to damp, tend to disintegrate was that the commonly available 

course aggregates in the district were limestones which reacted in 

an unusual way with the cement to produce an undesirable expansion 

of the concrete. Once identified, the solution to the problem was
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simply to use Portland cement with a very low alkaline content.

A listing of some highlights of our achievements should 

also include one or two "near misses" - projects which were 

scientifically successful and which appeared to have great promise 

for commercial exploitation but which did not quite come off, for 

one reason or another.

The ethylene oxide story is a case in point with many and 

involved ramifications which, at one phase, included the setting up 

of a pilot plant in our own laboratories. The new NRC technique 

promised to be more economical than the existing processes of 

oxidizing ethylene, but several attempts to introduce it to industry 

appear to have been frustrated in part by built-in vested interests in 

the older processes and in part by a lack of entrepreneurship in the 

licensees.

Another technological success was the NRC counter- 

mortar radar set, which to this day outperforms its rivals developed 

in the U.S. A. and U. K. In a limited sense it was a commercial 

success too, since ten of the units were built in Canada (Raytheon, 

Waterloo, Ontario) and sold to DND, while two others were sold 

overseas. However, despite the admitted superiority of the equipment, 

Canada lost the large and lucrative NATO market which would have 

been numbered in the hundreds of units, mainly because the final 

decision was not made solely on technical grounds.
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V. FINANCE

Attached in Appendix M is a number of tables relating to 

the financial expenditures of the National Research Council over the 

past five years.
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Appendix A

OFFICE CONSOLIDATION

NATIONAL RESEARCH COUNCIL ACT

R.S.C. 1952, c. 239 
as amended by 

1953-54, cc. 40, 42; 

1966, c. 26.

1966
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Appendix A 
- 1 -

Chapter 239.

An Act respecting the National Research Council of Canada.

SHORT TITLE.

1. This Act may be cited as the National Research Council
Act.

INTERPRETATION.

2. In this Act,
(o) “Chairman” means the Chairman of the Committee of 

the Privy Council on Scientific and Industrial Research ;
(6) “Committee” means the Committee of the Privy Council 

on Scientific and Industrial Research;
(c) “company” means a company incorporated pursuant to 

paragraph (o) of subsection (1) of section 17 and any 
company the direction and control of which is assumed 
by the Council pursuant to paragraph (fc) of subsection 
(1) of section 17;

(d) “Council” means the Council referred to in section 3;

(e) “Minister” means such member of the Queen's Privy 
Council for Canada as may be designated by the Gover
nor in Council to act as the Minister for the purposes of 
this Act; and

(/) “President” means the President of the National Re
search Council of Canada.

(g) Repealed. 1966, c. 26, s. 3.

*3. There shall be a Council to be called the National Re
search Council of Canada.

•Note: The corporation called The Honorary Advisory Council for 
Scientific and Industrial Research and the National Research Council of 
Canada are declared for all purposes to be one and the same corporation.

Wherever in any Act, order, regulation, deed, contract, lease or other 
document, the Honorary Advisory Council for Scientific and Industrial 
Research is mentioned or referred to, there shall, in each and every case, 
be substituted the National Research Council of Canada. (1966, c. 26, se. 12 
and 13.)

Rep. and 
new. 1966,
c. 26, a. 1.

Short
title.
Rep. and 
new. 1966, 
c. 26, s. 2.
Definitions.
“Chairman.”

“Com
mittee.”

“Company."

"Council.” 
Rep. and 
new. 1966, 
c. 26, s. 3.
“Minister.” 
Rep. and 
new. 1966,
c. 26, s. 3.

“President 
Rep. and 
new. 1966, 
c. 26, s. 3.

Council 
established. 
Rep. and 
new. 1966, 
c. 26, s.4.
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Committee 
on Scientific 
and Indua- 
trial Re
search.
Rep. and 
new. 1966, 
c. 26, a. 4.

Appointment 
of Council.

Tenure of 
office.
Rep. and 
new. 1966, 
c. 26, l. 6.
Re-appoint
ment.
Executive
Committee.

President of 
the Council.

Vice-Presi
dent (Ad
ministra
tion).

Vice- 
P residents
(Scientific).

Salaries as
prescribed 
by Governor 
in Council.

Duties of 
Council.
Rep. and 
new. 1966, 
c. 26, s. 6. 
Council 
incorpo
rated.
Rep. and 
new. 1953- 
64, c. 42, s. I.

4. There shall be a committee of Ministers to be called the 
Committee of the Privy Council on Scientific and Industrial Re
search, consisting of a Chairman to be nominated by the Gover
nor in Council, the Minister, and such number of other members 
of the Queen’s Privy Council for Canada as the Governor in 
Council may determine, to be nominated by the Governor in 
Council.

5. (1) The Council consists of a President, a Vice-President 
(Administration) and two Vice-Presidents (Scientific) and not 
more than seventeen other members, to be appointed by the Gov
ernor in Council.

(2) Each member of the Council, other than the President, 
the Vice-President (Administration) and the Vice-presidents 
(Scientific) shall be appointed to hold office for a term of not 
more than three years.

(3) A retiring member is eligible for re-appointment.
(4) There shall be an Executive Committee of the Council 

consisting of the President, the Vice-President (Administration), 
the Vice-Presidents (Scientific), and at least three other members 
selected by the Council.

6. (1) The President is the chief executive officer of the 
Council and has supervision over, and direction of, the work of 
the Council and of the officers, technical and otherwise, appointed 
for the purpose of carrying on the work of the Council.

(2) Subject to the direction and control of the President, 
the Vice-President (Administration) has charge of all matters 
relating to administration and shall perform such other duties 
as the President may from time to time assign to him.

(3) Subject to the direction and control of the President, 
each of the Vice-Presidents (Scientific) has supervision over 
such scientific matters and shall perform such other duties as 
the President may from time to time assign to him.

(4) The President, the Vice-President (Administration) 
and the Vice-Presidents (Scientific) shall receive such salaries 
and be employed for such terms of office as the Governor in 
Council may prescribe, and such salaries shall be paid out of 
moneys provided for the work of the Council.

7. The Council has charge of all matters affecting scientific 
and industrial research in Canada that may be assigned to it by 
the Committee.

8. (1) The Council is a body corporate, capable of suing 
and being sued and having power to acquire and hold real and 
personal property for the purposes of and subject to this Act.

(2) Repealed. 1966, c. 26, s. 7.
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9. (1) The Council is for all purposes of this Act an agent Agent of 
of Her Majesty and its powers under this Act may be exercised ^egty 
only as an agent of Her Majesty.

(2) Actions, suits or other legal proceedings in respect of Proceeding» 
any right or obligation acquired or incurred by the Council on by 
behalf of Her Majesty, whether in its name or in the name of Council. * 
Her Majesty, may be brought or taken by or against the Coun
cil in the name of the Council in any court that would have 
jurisdiction if the Council were not an agent of Her Majesty.

10. The Council shall meet at least three times a year in Meetings, 
the City of Ottawa on such days as are fixed by the Council *gg3. 
and at such other times and places as the Council deems neces- 54, c. 42, «.2. 
sary.

11. The Executive Committee of the Council may exercise Powers of 
the powers of the Council and shall submit at each meeting of committee 
the Council minutes of its proceedings since the last preceding 
meeting of the Council.

12. (1) No member of the Council, with the exception of Travelling 
the President, the Vice-President (Administration) and the Vice- expense” 
Presidents (Scientific) shall receive any payment or emolument
for his services, but each member shall receive such travelling 
and other expenses in connection with the work of the Council 
as may be approved by the Governor in Council.

(2) Notwithstanding subsection (1), a member of the Coun- ^e"“°era" 
cil other than the President or a Vice-President may, for any „°mbere 
period during which he performs with the approval of the Coun- for addi- 
cil any duties on behalf of the Council in addition to his ordi- 
nary duties as a member thereof, be paid such remuneration as New. 1966, 
may be authorized by the Council. c.26, a. 8.

13. Without thereby limiting the general powers of the Powers of 
Council conferred upon or vested in it by this Act, it is hereby Councl1, 
declared that the Council may exercise the following powers, 
namely:

(а) to make by-laws for the conduct of its business ;
(б) to control and direct the work of the Council through 

the President, and, in case of the illness, absence or sus
pension of the President, or in the case of vacancy in the 
office of President, through an Acting President tem
porarily appointed by the Council;

(c) to undertake, assist or promote scientific and industrial Amended, 
research, including, without restricting the generality 19®^‘54’ ... 
of the foregoing, c.42.».3(i).
(i) the utilization of the natural resources of Canada, Rep. and

new. 1953-64, 
c. 42,e.3(l).
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Rep. and 
new. 1966, 
e. 26. i.t(l).

New.
1966, c. 26, 
■9(1).

Rep. and 
new. 1966, 
c. 26, a. 9(2).

(ii) researches with the object of improving the techni
cal processes and methods used in the industries of 
Canada, and of discovering processes and methods 
that may promote the expansion of existing or the 
development of new industries,

(iii) researches with the view of utilizing the waste 
products of said industries,

(iv) the investigation and determination of standards 
and methods of measurements, including length, 
volume, weight, mass, capacity, time, heat, light, 
electricity, magnetism and other forms of energy, 
and the determination of physical constants and the 
fundamental properties of matter,

(v) the standardization and certification of the scien
tific and technical apparatus and instruments for 
the Government service and for use in the indus
tries of Canada, and the determination of the 
standards of quality of the materials used in the 
construction of public works and of the supplies 
used in the various branches of the Government 
service,

(vi) the investigation and standardization, at the re
quest of any of the industries of Canada, of the 
materials which are or may be used in, or of the 
products of, the industries making such a request, 
and

(vii) researches, the object of which is to improve condi
tions in agriculture;

(d) to have charge of, and direction or supervision over, 
the researches which may be undertaken, under condi
tions to be determined in each case, by or for single 
industrial firms, or by such organizations or persons, as 
may desire to avail themselves of the facilities offered 
for this purpose ;

(e) to expend, for the purposes of this Act, any money 
appropriated by Parliament for the work of the Coun
cil;

(co) to acquire any money, securities, or other property by 
gift, bequest or otherwise, and to expend, administer or 
dispose of any such money, securities or other property 
subject to the terms, if any, upon which such money, 
securities or other property is given, bequeathed or 
otherwise made available to the Council;

(/) with the approval of the Minister, to appoint such sci
entific, technical and other officers as are nominated by 
the President, to fix the tenure of such appointments,
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to prescribe the several duties of such officers, and, sub
ject to the approval of the Governor in Council, to fix 
their remuneration ;

(fa) to authorize the President or any other officer of the New. 1986, 
Council to appoint persons to perform duties of a tem- c.26, ». 9(2). 
porary nature for a period not exceeding six months ;

(fb) to establish, operate and maintain a national science New. 1986,
library ; e.2«,s.#(2).

(ÿ) subject to the approval of the Minister, to publish and Rep and 
sell or otherwise distribute such scientific and technical °e^ ^g8^, 
information as the Council deems necessary ;

(h) to carry on work and manufacturing of an experi
mental and developmental nature with respect to the 
matters referred to in paragraphs (c) and (d) so as 
to render the processes, methods or products to which 
the said matters relate more available and effective in 
useful arts and manufacturing and for scientific pur
poses and otherwise ; and

(t) to license, sell or otherwise grant or make available 
to others, Canadian or other patent rights or any other 
rights, vested in or owned or controlled by the Council, 
to or in respect of any discovery, invention or improve
ment in any art, process, apparatus, machine, manufac
ture or composition of matter, and to receive royalties, 
fees and payments therefor.

*14. The Minister may authorize the President to approve Delegation, 
on his behalf the publication, sale or other distribution by the NewJ®6®- 
Council of scientific and technical information.

15. All receipts and expenditures of the Council are sub- Audit of 
ject to examination and audit by the Auditor General. tures"11

* Note: The previous sec. 14, which was repealed by 1963-54 c. 40, sec. 16, 
provided:

"(1) Every discovery, invention or improvement in any art, process, 
apparatus, machine, manufacture or composition of matter made by a 
member or any number of members of the scientific and technical staff of 
the Council or a company and all rights with respect thereto are vested 
in the Council.

(2) The Council, with the approval of the Governor in Council, may 
pay to its scientific and technical officers and to others working under its 
auspices who have made any valuable discovery, invention or improvement 
in any art, process, apparatus, machine, manufacture or composition of 
matter, such bonuses or royalties as in its opinion may be warranted. 1950, 
c. 21, s. 7."

The Public Servants Inventions Act, chapter 40 of the Statutes of 
1953-54, which was proclaimed in force as of the 1st day of June, 1955, 
repeals section 14. The Act, however, applies only to inventions that were 
made, or for which an application for a patent was made, after June 1st, 
1954. Section 14, therefore, remains in force for all prior inventions.
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16. The President shall, within four months after the termi
nation of each fiscal year, transmit to the Minister a report of 
the operations of the Council for that fiscal year and the Minis
ter shall cause such report to be laid before Parliament within 
fifteen days after the receipt thereof, or, if Parliament is not 
then sitting, on any of the first fifteen days next thereafter that 
Parliament is sitting.

17. (1) The Council may, with the approval of the Gover
nor in Council,

(o) procure the incorporation of any one or more com
panies under the provisions of Part I of the Companies 
Act, for the objects and purposes of exercising and per
forming on behalf of the Council such of the powers 
conferred upon the Council by paragraphs (c), (d), (h) 
and (i) of section 13 of this Act as the Council may 
from time to time direct and all the issued shares of the 
capital stock of each such company shall be owned or 
held in trust by the Council for Her Majesty in right of 
Canada except shares necessary to qualify other per
sons as directors ; or

(t>) assume, by transfer to the Council in trust for Her 
Majesty in right of Canada of all the issued share 
capital thereof except shares necessary to qualify other 
persons as directors, the direction and control of any 
one or more existing companies incorporated under the 
provisions of Part I of the Companies Act all the 
issued share capital of which is owned by or held in 
trust for Her Majesty in right of Canada except shares 
necessary to qualify other persons as directors and may 
delegate to any such company any of the powers con
ferred on the Council by paragraphs (c), (d), (h) and 
(t) of section 13 of this Act.

(2) Every company shall keep and maintain such books 
and records, in addition to those required by the Companies 
Act as the Council may prescribe and shall make such reports 
and returns to the Council as the Council may require.

(3) The accounts of a company shall be audited by the 
Auditor General.
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Appendix D

GRANTS TO UNIVERSITIES

National Research Council
4

Scholarships
and

Fellowships
Research

Grants F acilities Other

1
Totals

( $ Millions )

1963-64 2.6 8. 0 1. 7 0. 5 12. 8

1964-65 3. 1 11.9 1.9 0. 5 17. 4

1965-66 4. 3 15. 2 2.0 0. 6 22. 1

1966-67 5. 5 24. 6 3. 7 0. 8 34. 6

1967-68 6.9 31. 3 6. 1 1. 5 45. 8
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National Research Council of Canada: 
Fifty Years of Scholarships

B. A. Glngras, F.C.I.C.
Awards Office
National Research Council
Ottawa
T. W. West
Personnel Services
National Research Council

E1C-67-EDUC 4 
Issued as N.R.C. No. 9619

To mark the fiftieth anniversary of the 
National Research Council of Canada's 
scholarship program, which coincides 
with Canada’s Centennial, a survey of 
all NRC scholarship recipients during 
the period 1917-1966 was conducted, 
with a view to tracing the careers of these 
recipients subsequent to their awards. 
Questionnaires were sent to 94% of 
award holders and about 90% returned 
the completed questionnaires from 46 
countries.

In the overall program the Council 
awarded some 11,000 scholarships with 
a total value of $17 million to 5,378 in
dividuals. At the inception of its scholar
ship program in 1917 the Council award
ed nine scholarships to promising young 
graduate students; this year the Council 
awarded 2,171 scholarships, with a value 
of $6,562,200.

Of the total sample, 91.2% were male 
and 8.8% female. Of the scholars 75.6% 
were born in Canada, 2.5% in the 
United States, 6.6% in the United King
dom, and 15.3% in other foreign coun-

Tablc I shows the distribution by field 
of study for the Bachelor's degree.

Field of Study
Chemistry and Chemical Engineering
Engineering
Biological Sciences

General Sciences 
Mathematics 
Earth Sciences 
Psychology

For purposes of analysis the total 
group has been subdivided into the five 
samples shown in Table II.

Table H

Distribution of all NRC Scholars by Work 
Status 1917-66

Current Work Status Number
Professionally employed 2,395
Students 1,964

81
Housewives 71

12

The latter three groups will not be 
examined in detail because they are rela
tively small. Eighty-one of the former 
scholarship holders have retired. Three 
of them hold a Bachelor’s degree, 24 a 
Master’s degree and 54 a Doctor’s degree, 
of whom seven have had postdoctorate 
training. The oldest living scholarship 
holder was born in 1887. Their employ
ment orientation upon retirement is 
shown in Table III. Of the 71 house
wives, four hold a Bachelor’s degree, 42 
have a Master’s degree and 25 have a 
Ph.D. Of the latter, 11 have had post
doctorate experience. 62% of the house
wives are located in Canada and 31% 
in the United States.

28.4
18.1
17.7
15.3
8.4 
7.0
3.5
1.6
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Table III 

Retired Sample
Distribution by Employment Orientation 

upon Retirement

Percent of the
Orientation Retired Sample
Teaching 29.0
Basic Research 21.0
Research and Development

Management 17.7
Applied Research and

Development 9.7
General Management 9.7
Prevention and Treatment 

of Diseases 6.5
Production 3.2
Others 3.2

Of the twelve people who reported a 
work status other than student, profes
sionally employed, housewife, or retired, 
four were unable to work at their pro
fession because of ill health, two were 
farming, one was a missionary, and five 
were unemployed.

Student Sample
Figure 1 shows the growth of the awards 
program from 1917 to 1967. It shows 
why, from a sample of 4,500 covering 
a period of 50 years, over 40% (1,964) 
are shown as currently being students. 
The average age of the student group, 
however, is 26 with only 10 of the group 
being over 35 years of age.

Analysis of this group by the highest 
degree held shows that 972 hold a 
Bachelor’s degree, 789 a Master's degree, 
and 203 a Doctor’s degree of whom 117 
have done some postdoctorate work.

Ninety percent of the students are 
men. Seventy-one percent were born in 
Canada, two percent in the United 
States, seven percent in the United King
dom and twenty percent in other foreign 
countries.

Professionally Employed Sample
The most interesting information to come 
from a survey such as this deals with 
the group that is currently professionally 
employed. Data on this group, represent
ing several fields of employment and 
many geographic locations, provide an 
opportunity to look at such things as 
migration, job orientation, employment 
field, and salary levels.

There were 2,395 people in this cate
gory, 95% were male, 3% married 
female, and 2% single female; 78.9% 
were Canadian born, 2.6% U.S., 6.1% 
U.K., and 12.4% were bom in other 
foreign countries.

The average age of the group was 39. 
The rapid growth of the program in re
cent years explains the relatively youth
ful age of the group (Fig. 1). Three per
cent of the sample held only a Bachelor’s 
degree, 20% a Master’s, and 77% a

Table I

Distribution of all NRC Scholars by Field of Bachelor’s Degree 1917-66

Reprinted from The Engineering Journal, November, 1967 
The Journal of the Engineering Institute of Canada
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Ph.D. Of the latter group, slightly over 
one-third had postdoctorate training.

Table IV shows the percentages of the 
professionally employed sample holding 
a Bachelor's degree in the fields in-

Table IV

Professionally Employed Sample 
Distribution by Field of Bachelor’s Degree

Field Percent
Chemistry 31.6
Engineering 16.4
Physics 14.9
General Sciences 10.1
Life Sciences 7.8
Mathematics 5.6
Earth Sciences 3.8
Agriculture 3.2
Animal Sciences 2.7
Plant Sciences 2.3
Psychology 1 -6

Employment Orientation 
In the questionnaire each respondent 
was asked to identify his main employ
ment orientation. In the final tabulation, 
teaching accounted for 31.6%, basic re
search 29.4%, applied research and 
development 16.4% and research and 
development management 10.4%, with 
12.2% distributed over the five remain
ing orientation choices.

When the individual’s first and second 
orientations were scanned simultane
ously, basic research led with 61% stat
ing that either main or second employ
ment orientation was in this field. The 
only other orientation that approached 
the level of basic research was teaching, 
which was a main or second orientation 
reported by 45% of the sample.

It is of interest here to compare the 
reported relationship between teaching 
and basic research. From a total of 702 
reporting basic research as their main 
orientation, 261 reported that their 
second orientation was teaching (35.8%). 
From a total of 753 reporting teaching 
as their main orientation, 568 reported 
that their second orientation was basic 
research (75.4%).

As might be expected, the highest pro
portion of those reporting a second em
ployment orientation occurred with the 
teachers (83%).

An analysis of the main employment 
orientation for each of the three major 
fields of employment: government, in
dustry, and education is given in Table 
V.

It may be easily seen here that each 
of the fields dominates one employment 
orientation: basic research in govern
ment, applied research in industry, and 
teaching in education.

Employment Location
With the great amount of current dis-

Table V

Professionally Employed Sample 
Distribution by Employment Orientation for 

Three Main Employment Fields

Employment Government Industry Education
Orientation %
Research and 
Development 
Management 12.4

Management 5.3

Research 53.4
Applied
Research 21.8

Teaching

%

24.0

17.5

36.9

%

1'6

24.2

1.9
68.3

cussion on scientific migration and the 
“brain drain", it was of interest to exam
ine employment location and change of 
location in some detail.

As a starting point, the professionally 
employed sample was analyzed in terms 
of the location of present employment. 
The result is shown by country in Table 
VI, and by province in Table VII.

Table VI

Professionally Employed Sample 
Distribution by Country of Employment— 

July-December 1966

Canada 
United States 
United Kingdom

of Sample
74.2
20.8

1.9
0.3

Professionally Employed Sample 
Employed In Canada—July-December 1966

Comparison of distribution of NRC 
Scholars with general population distri

bution for Canadian Provinces (1961 census)

Percent of

population 
Percent of Canada 
of NRC located 
Scholars in 

In Province Province
British Columbia
Alberta
Saskatchewan
Manitoba
Ontario
Québec
New Brunswick 
Nova Scotia 
Prince Edward Island 
Newfoundland 
Yukon-Northwest 

Territories

9.4
6.7
4.7
3.4 

48.9 
21.2

1.9
3.1
0.1
0.6

9.0
7.4
5.0
5.0

34.1
28.9

3.2
4.0
0.6
2.6
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Examination by province indicates 
that the ratio of scholars employed in 
British Columbia and Ontario is above 
the general population ratio while in all 
other provinces it is below.

If the sample is examined by location 
of bachelor graduation, the ratios shown 
in Table VIII are obtained.

Table VIII

Professionally Employed Sample 
Distribution of Sample by Province of 

Bachelor Graduation

Province of Percent
Bachelor Graduation of Sample
British Columbia 13.2
Alberta 5.7
Saskatchewan 9.3
Manitoba 7.1
Ontario 32.0
Québec 21.7
New Brunswick 5.0
Nova Scotia 5.9
Newfoundland 0.1

When comparing this table with Table 
VII, it is interesting to note that British 
Columbia, Saskatchewan, Manitoba, 
New Brunswick and Nova Scotia have 
all graduated a higher ratio of scholars 
than their general population ratio but 
none has been able to employ as high a 
ratio as it trains. Ontario, it would ap
pear, is the only province that is able 
to hire a greater ratio than it trains. 
Quebec is very close to breaking even 
as it granted Bachelor's degrees to 21.7% 
and employs 21.2% of the total sample.

A natural question concerns the per
centage of those currently employed in 
the province where they received their 
Bachelor’s degree. Quebec, possibly be
cause of cultural ties, leads in this 
respect. Sixty-two percent of those lo
cated in Quebec received their Bachelor’s 
degree there. For British Columbia, Sas
katchewan, Manitoba, Ontario, New 
Brunswick and Nova Scotia the ratio is 
approximately 45%, and in Alberta 
23%. The numbers employed in the re
maining provinces are too small to per
mit comparisons.

Migration
Thirty-six percent of those in the pro
fessionally employed group indicated 
that they had made a major change in 
employment location during their ca
reers. Most of the changes reported were 
from one province to another, or one 
country to another.

The greatest number of country-to- 
country changes occurred between Can
ada and the United States. However, 
this analysis shows that the migration 
was not at all unilateral. Most disserta
tions on the “brain drain" refer to an 
irreplaceable loss of Canadian scientific 
talent to the United States. Our informa
tion would indicate that this is not the
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case. The results of this survey show that 
of the group reporting location changes, 
38.0% had moved from Canada to the 
United States, while of these, one-third 
had returned to Canada.

Extrapolation of this fact indicates 
that while, at any given point in time, 
20.8% (see Table VI) of our scientific 
talent is employed in the United States, 
one-third of them are in fact gaining 
valuable training and experience which 
they will eventually bring back to 
Canada. At the present time the net loss 
would be about 14%. A number of 
respondents added notes to their ques
tionnaires stating that they had returned 
to Canada in spite of the fact that the 
move cost them several thousand dollars 
in annual salary.

The highest proportion of changes 
were reported from province to province 
within Canada (41.1%), with only minor 
movement (approximately 3% each) re
ported from Canada to the United King
dom, the United Kingdom to Canada, 
Canada to other, and the United States 
to the United States. Without exception 
the migration question showed more 
people moving from any given Canadian 
province than moving to it.

Employment Field
Respondents were asked to indicate 

whether their sphere of activity could be 
classed as government, industry, educa
tion, or other. The resulting distribution 
is shown in Table IX.
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GROWTH OF THE N.R.C. SCHOLARSHIP PROGRAM 
1917-1967

5 I 500

60 61
YEAR

-1957 58

CANADA-U.S SALARY COMPARISON

Professionally Employed Sample 
Distribution of Sample by Current 

Employment Field

Government
Industry
Education
Other

of Sample
25.3
25.5
45.5 
3.7

Those indicating "other" were working 
mainly in the consulting field with a few 
working for private research organiza-

Of the total professionally employed 
sample 21.1% indicated that in the 
course of their careers they had made a 
major change in field. Forty percent had 
left government; thirty percent industry; 
and twenty-five percent education.

The field of education benefited the 
most from those who left government 
and industry, with two-thirds of the 
government and industry people moving 
into education. Of those leaving the field 
of education, 39% went to government, 
51% to industry, and 10% to other 
fields.

Two-thirds of those who had made a 
change in field also had made a major
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CANADA

SALARY COMPARISON BY EMPLOYMENT FIELD

GRADUATIONBACHELOR

Fig. 3.
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CANADA

SALARY COMPARISON BY GEOGRAPHICAL LOCATION

YEARS FROM BACHELOR GRADUATION

Fig. 4.

change in location. No information was 
gathered on whether these changes were 
made simultaneously.

Salary Levels
The questionnaire asked each respond
ent to give the total of his annual earned 
income, including stipends, bonuses, etc., 
and asked for these figures in Canadian 
dollars. Over 96% of the respondents 
were kind enough to provide this infor
mation. These salaries ranged from a 
low near $4,000 to a maximum near 
$100,000, with year of bachelor gradua
tion going as far back as 1918.

Canadian salary data were first com
pared with those of the United States 
and then were broken down by field and 
by location and analyzed separately.

The resultant salary distributions were 
smoothed by calculating the 5-year 
centred moving average and then plot
ting this against number of years from 
bachelor graduation.

(For any one year, the 5-year moving 
average is calculated by determining the 
mean salary for that year, adding to it

the mean salaries for each of the two 
years immediately preceding and the two 
immediately following, and dividing by 
five.)

In Fig. 2, the 5-year moving average 
annual salaries for Canada and the 
United States are compared. It is easily 
seen that for individuals of similar quali
fications the salary difference is of the 
order of $3,000-$6,000 Canadian.

The salaries of those currently em
ployed in Canada were examined in 
more detail. As shown in Fig. 3 salaries 
were analyzed for the three major em
ployment fields. The industry group 
leads for the entire 24 year range by 
amounts varying from $500 to $1,500.

University and government salaries 
are quite close for the first few years, but 
the university group increases more 
rapidly and leads for the largest part of 
the range. Only at maturity levels beyond 
23 years does the university curve begin 
to drop off and is overtaken by the rela
tively steadily increasing government

To obtain salary data by employment

location the sample was divided into 
three geographic sections, a) Quebec, 
the Maritimes and Newfoundland; b) 
Ontario; and c) Manitoba, Saskatchewan, 
Alberta and British Columbia. These 
curves plotted in Fig. 4 are almost co
incident. It should be noted however that 
for the Quebec, Maritimes and New
foundland curve the indicated distribution 
is heavily weighted with the salaries of 
those employed in Quebec and does not 
accurately reflect Maritimes and New
foundland salaries. All curves increase 
steadily over the first 20 years of the 
range at which point the slope of the On
tario curve tends to drop off. Comparison 
with Fig. 3 would lead us to conclude 
that the Ontario curve for 20 to 25 
years from bachelor graduation reflects 
the result of a majority in that range 
being employed in the field of education.
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INDUSTRIAL RESEARCH ASSISTANCE PROGRAM

The concept of IRAP was based on a memorandum 'Federal Support 

on Industrial Research in Canada" dated 19 October 1961 from Dr. Steacie, then 

President of N. R. C., to the Committee of the Privy Council on Scientific and 

Industrial Research. This presented a consensus of the views of a number of 

senior executives and scientists in research-oriented government departments 

and industry as to the relatively small research effort in non-defence areas of 

Canadian industry, and the proposed plan for building it up. The Committee 

recommended the basic proposal to Cabinet and the program was authorized by 

Cabinet Decision dated November 27, 1961, incorporated later in Privy Council 

Order 691 dated 14 April 1965. See Attachment 1.

N. R. C. was given the responsibility for administering the Program 

and a Committee on Industrial Research A ssistance (CIRA) was organized to 

review applications and establish operational policies. An organizational block 

diagram is shown in Attachment 2. The Chairman and Secretariat are from 

N. R. C. and the members from government departments and agencies concerned 

with industrial research, production, marketing and finance. They include 

Atomic Energy of Canada Limited, the departments of Energy, Mines and 

Resources, National Defence, Industry, Trade and Commerce,and Treasury.

The members are at deputy minister level or equivalent and meet as necessary to 

consider major changes in policy. Otherwise, senior executives from their 

departments attend the regular meetings of CIRA held every four to six weeks 

to consider applications.

29009—91
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These members also provide cross representation from the Defence 

Industrial Research Program (DIR) of National Defence, and the Program for 

Advancement of Industrial Technology (PAIT) of Industry and Commerce.

Liaison is also maintained secretarially with the Defence Development Sharing 

Program (DDSP) and the Industrial Research and Development Incentive Act 

(IRDIA) Program in Industry and Commerce, to avoid duplication or overlapping.

The N. R. C. Committee on Applied Science and Engineering Research, 

consisting of senior executives from industry, university and government, advises 

the Council on overall policy governing IRAP and industry itself makes direct 

representation to the Council, CIRA and the government.

Proposals from companies may be presented throughout the year and 

are reviewed for suitability by the Secretariat, composed of N. R. C. staff 

possessing scientific degrees and some industrial experience. Every assistance 

is given to companies to present a sound proposal and to ensure it is placed in 

the most appropriate departmental program. The proposals are assessed as 

to their scientific content, their feasibility and the quality of professional 

personnel by scientific advisors to the Committee. These are Directors of 

N. R. C. divisions or other government laboratories, who also nominate senior 

sciei ists from their staffs to act as Liaison Officers on approved projects.

Liaison officers officially make only one visit per year to assess and 

report on company progress although companies are encouraged to use their 

knowledge and government laboratory facilities as needed. Their reports and 

company reports are used by the Committee when considering the annual renewal 

of grants. Over 100 liaison officers and many other government scientists have
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been associated with 131 companies over periods of three to five years, leading 

to improved communications between government and industrial scientists and 

a better understanding of industrial research needs.

In recent years support has been given to university professors 

participating directly in IRAP projects or providing guidance leading to the 

upgrading of competency of research teams. This also leads to better 

communication between industrial and university scientists and a feedback which 

may affect university teaching and research. 31 companies presently have 41 

professors associated with them, and 42 university students were supported this 

year to expose them to industrial research careers.

The Program is experimental in nature and considerable flexibility 

is exercised by the Committee in adjusting guidelines and ground rules to meet 

industrial needs as they develop, both in long term policy and on the merits of 

each case. Every effort is made to avoid red tape, unnecessary conditions 

and restrictions, and supervision, direction or policing of projects. All proposals 

are considered, and decisions reached within three months of submission, on 

an average.

The technical background of a company, its record of competence and 

quality, its continuity of interest in research, and the technical capabilities and 

accomplishments of its staff are considered in the selection process.

The potential affect on Canadian production and exports, and the 

general commercial soundness of proposals also are considered, although the 

company's willingness to share half the cost is taken as strong evidence in 

this regard.
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Projects which have a bearing on industry-wide or national problems, 

in addition to company interest, such as the economic utilization of industrial 

wastes as by-products, reduction of water pollution, lowering of consumer costs, 

and meeting of higher standards in domestic and foreign specifications, are given 

favourable consideration. Large companies wishing to undertake more 

sophisticated applied research are encouraged to do so.

Companies that are small, new to research or located in the Western 

and Maritime provinces are treated more flexibly to encourage their participation 

and regional development.

Until the current year 1968/69, sufficient funds have been available to 

support all suitable proposals. Proposals now awaiting further funding have been 

given a priority rating by the Committee after weighing the above factors.

Under these circumstances, the committee tends to support companies new to 

research rather than companies already receiving support, other considerations 

being equal.

Companies renew their applications each year, at which time they may 

propose changes in staffing, scope or the objectives of the project, although this 

also can be done, if essential, at any time. The Committee assesses progress 

and approves continuation as requested, or on a conditional basis subject to 

improvement in company performance.

Either party may terminate projects at any time, the Committee 

generally doing so because of poor performance, the company because of changes 

in company policy or economic conditions and difficulties in financing or staffing 

a project. Time is allowed for the project to be wound up and staff to transfer.
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The success of IRAP is measured by its effectiveness in establishing 

competent research teams and the creation or expansion of scientific and 

technical expertise in companies, primarily to innovate and secondarily to 

provide back-up support to development and production teams. Accordingly 

the Committee requires that an IRAP project and the people in it are readily 

identifiable as such. This creates some administrative difficulties in larger 

companies but not of a major nature.

The complete impact of IRAP on the Canadian economy will not be 

felt for some years, but several companies have produced commercial 

products and processes, as well as scientific papers and patents. The Secretariat 

attempts to keep a general record of this but the information is not readily 

obtainable and is difficult to evaluate in dollars and cents.

Considerable statistical data has been recorded as to the numbers 

and background of scientists in IRAP and the distribution of grants by industrial 

fields, size of companies and geographical areas. Attachment 3 includes some 

of this material.

In 1965, 138 U. S. A. companies reported R&D expenditures of 10 million 

dollars or more, including 29 companies over 100 million dollars. A comparison 

(1968 figures) with a medium-size U. S. A. research laboratory, Ford Motor 

employing 385 professionals with a 14 million dollar budget of which one half is 

for salaries, Northern Electric's central laboratory in Ottawa employing 216 

professionals in applied research with a 7. 6 million dollar budget, and IRAP 

supporting 450 professionals with a combined company-government budget of 

15. 2 million dollars, shows the respective costs per professional in Canadian 

dollars as $39, 300, $35, 200 and $33, 800.
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Although showing that IRAP costs are in line, this comparison also 

illustrates the gap between the U. S. A. and Canadian research effort.

The Committee has been able to operate effectively within its present 

terms of reference, responsibilities and authority. Administration is simple 

and, until the current year, funding has been adequate. Acceptance of the 

program by industry, in general, has been most favourable although some 

companies feel they should have much more freedom to spend the grants as 

they see fit within their total research organization, a thought more related to 

the successful development of a product than the objectives of the program. 

Accordingly it is felt that the growth of the program has been governed by the 

shortage of senior scientists, the time required to build and equip laboratories, 

and the availability of company funds to invest in IRAP rather than by any 

limitations imposed on the Committee.

However, the overall expenditure in industrial research in Canada 

still is generally regarded as undesirably low. If IRAP is to increase its 

contribution towards this goal, more government expenditure will be required 

to match the further expenditure from the private sector. The Council and its 

Advisory Committees have also considered various possible ways of broadening 

the concept of IRAP. These include such measures as the support of research 

in research organizations, either of their own initiation or on behalf of 

companies, the support of operational or systems research projects, and the 

contracting of government research requirements such as reduction of 

pollution, forest fire protection, fete, to commercial research or manufac

turing organizations.
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EXTRACT FROM DR. STEACIE’S MEMORANDUM DATED SEPTEMBER 1961 

TO THE COMMITTEE ON THE

PRIVY COUNCIL ON SCIENTIFIC AND INDUSTRIAL RESEARCH

THE NECESSITY FOR FEDERAL GOVERNMENT ASSISTANCE

There is no question that Canadian industry is not spending the same 
relative amount of money on research as is the case in the United States and 
United Kingdom. On the other hand, perhaps the most striking discrepancy is 
the relatively small amount of Government financing of research performed in 
industry as shown in Table 6. Here Canada is low by a factor of between 10 and 
20. The reason for this is a quite simple and quite logical one because of the 
very large scale development of expensive weapons in the United States and 
United Kingdom. A very large amount of research is carried out in industry in 
these countries under Government development contracts. With the relatively 
small amount of development of new weapons in Canada it is obvious that the 
Government has not the same need for such contracts. In spite of this, contracts 
via the Department of Defence Production, Defence Research Board and Atomic 
Energy of Canada Limited are of appreciable magnitude. There is no question 
that such development contracts have been placed in the United Kingdom and in 

Tnited States primarily for defence purposes and to fill a specific need. On the 
other hand, they have carried with them an enormous bonus in the building up 
of research facilities in British and American industrial firms and this has 
resulted in a very large amount of increased spending by industry itself. It 
seerns unlikely that further tax concessions or exhortation of industry will 
produce an increase of any appreciable magnitude in the spending by private 
industry for research and it seems certain that the only way in which the 
situation can be rectified is by some form of direct Government financial aid.
On the other hand, there is no question that any financial aid given to industry 
to expand its research facilities and performance must be on a selective and 
matching basis. No permanent impression will be made on industry unless it 
is spending its own money on research.

HOW CAN FEDERAL FINANCIAL AID BE USED TO STIMULATE INDUSTRIAL 
RESEARCH?

To a degree an increase in development contracts as at present 
carried out under the auspices of the Department of Defence Production, the 
Defence Research Board and Atomic Energy of Canada Limited cannot fail to 
have a beneficial effect. However, it would appear that direct aid to companies
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xpanding research for their own purpose is essential. If such aid is given it is 
very important that it be given through a source experienced in the problems of 
supporting research rather than through a high-level council of industrialists 
who might well have little experience in industrial research. In fact one of the 
main problems is to convince management of the need for industrial research.
If Federal funds are to be awarded in the form of grants there will certainly be 
many difficulties in administration. The body administering the grants must 
pick and choose among firms making submissions, must try to sell the program 
to firms capable of making use of it, and must be able to assess the scientific 
feasibility of the project, and above all the attitude of management. Actually the 
problems are not too different from those associated with making "grants in aid" 
to universities and in view of the National Research Council's 45 years of experience 
along these lines, it is recommended that any scheme of industrial research grants 
be set up under the National Research Council. If such a policy were adopted the 
Council would, of course, set up a variety of advisory committees with representa
tives from industry and other federal Government organizations to help in making 
decisions. It is, of course, possible to set up the scheme with responsibility 
placed in the hands of other Government organizations, and the interests of the 
Treasury and the Department of Trade and Commerce must be considered.
However, our experience in handling "grants in aicT'has convinced us of the 
desirability of placing responsibility for the success of the program firmly in the 
hands of one organization, even if much power is delegated to coordinating or 
advisory committees.

The experience of those agencies which have given out development 
-ontracts has shown that there is a great deal of difficulty in monitoring such 
ontracts in a detailed financial way. If assistance is being given for projects of 

the industry's own choice these difficulties will become even greater. The only 
successful method of operating such a scheme would be to avoid driving a hard 
bargain, since this will not be attractive to industry and since it will almost be 
impossible to sort out real costs. At the same time it is essential that roughly 
half the cost be borne by industry itself. It is suggested that an easy way to do 
this would be for the Government to agree to finance salaries and wages for 
expanded research programs, and to leave it to industry to pay all equipment and 
overhead costs. This would probably work out at an approximately equal 
distribution of expenditures. It is suggested that such grants be on an outright 
basis, and that there should be no strings on patent rights, etc.

It is, therefore, recommended that the Government take as a long-range 
objective the matching of industrial research expansion up to say a limit of 
$50, 000, 000 or $100, 000, 000 a year to be reached within five to ten years, and 
that this develop somewhat slowly at the start. If anything along these lines is 
done it is essential that it be on a long-range basis, and there must be continuity. 
The industry must be assured that provided the work done is good, aid will be 
forthcoming over a period of from five to ten years, since a team cannot be built
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up in an atmosphere of uncertainty. Also the terms of such grants must be care- 
rully defined so as to exclude market research, technical sales and minor types 
of product development for specific customers. In short, the aim must be to 
build up real and permanent applied research and development competence rather 
than customer service or trivial modification of gadgets or products.

This memorandum is the result of discussions with a variety of 
Government agencies concerned with research and with a number of senior 
executives in Canadian industry. The ideas are in particular the joint ones of 
Dr . C. J. Mackenzie, Dr.A.H. Zimmerman, Dr.J.L. Gray and myself. We all 
feel it is important that something be done to improve the Canadian position in 
industrial research. There has been much discussion going on about this. Briefs 
are being submitted by various organizations to the Glassco Commission and else
where and it is felt that it would be highly desirable for the Government to take 
positive action now rather than to defer action until it is forced into some sort of 
industrial research support in a rush. It is necessary certainly to proceed some
what slowly. However, the matter has been under discussion for a long time and 
we appear to be gradually arriving at a fair degree of unanimity as to what is 
necessary and how it should be carried out. It is important that no further delays 
should occur and that something should be done immediately to offset our grave 
deficiencies in research in industry. The whole thing must be tackled on somewhat 
the same basis as the university grants of the National Research Council when they 
were started 45 years ago. We must aim at building up real technological com
petence in Canada and it is essential to recognize that this can only be done by 
continuous support and that it will be five or more years before the impact on our 
economy will be fully realized.

1 HE TIMING OF THE PROGRAM

The limiting factor in the development of such a program is the 
availability of staff. This means two things: the recruiting of experienced people, 
say from 30 years of age and up, and the hiring of recent graduates with master's 
or doctor's degrees. In both fields there will be difficulties. The whole object of 
the scheme is to increase the number of research workers in Canada. Nothing will 
be gained if companies recruit staff mainly by taking them away from other com
panies, Government laboratories, or universities. As a result it would be unwise, 
and in fact impossible to proceed too fast. For this reason, it is felt that a maximum 
of $2,000,000 could be used in the first year, although it would be helpful to be able 
to make commitments for the following years. It is therefore recommended that a 
sum of$2,000,000 be made for the first year on the understanding that supplementary 
estimates might be submitted if the program went exceptionally well. In view of the 
negotiations required to get things started no provision need be made for the 
remainder of the current fiscal year, but it would be essential to be able to make 
commitments for 1962-63 immediately. The requirements in further years would 
depend on the rate of development of the program. It is suggested that eventually 
$5,000,000 to $10,000,000 a year in new grants might be awarded. This would 
mean an annual Government commitment which would rise to $50, 000, 000 to 
$100,000,000 per year.

September, 1961.
E.W.R. Steacie, President, 
National Research Council.
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MEMORANDUM TO CABINET

At a meeting on October 2, 1961, the Committee of the Privy Council 
on Scientific and Industrial Research considered a submission on government 
aid to stimulate research and development in industry. ("Research and 
development" is being used here in such a way as to exclude technical sales, 
market research, minor product changes, etc.)

(1) It was the unanimous opinion of the Committee that the relative magnitude
of the research effort carried out in the laboratories of industrial firms in Canada 
was far below that in the United States and the United Kingdom; and that not only 
was industry itself spending less on research, but also that the government 
financing of research and development in industry is, relative to Gross National 
Product, below that in the United States and the United Kingdom by a factor of 
15 to 20.

(2) It was agreed that financial assistance by the government was essential 
to stimulate a build-up of competent research teams in industry. It was also 
agreed that further progress cannot be made by tax concessions, and that some 
form of direct financial assistance was essential.

(3) If such aid is given it is essential that:

(a) It should be on a matching basis with industry contributing 
at least half the cost of any project.

(b) There should be a reasonable assurance of continuity so that 
research teams may be built up.

(c) That projects submitted by industry should be judged on their 
merits and on the competence of the existing or proposed staff.
Any across-the-board scheme would be too expensive, and would 
defeat its own purpose. The purpose of the scheme is to establish 
a number of competent research teams in industry each year over 
a 10 year period. If this can be done the whole complexion of 
Canadian industrial research will be changed.

(d) That decisions on the award of financial aid be made by 
committees of people competent in applied restarch and development.

(e) That projects should preferably be those in which industry is 
itself interested, and that all rights arising out of the work done be 
the property of the company concerned. Unless a generous attitude 
in this regard is taken it is unlikely that industry will be interested 
in accepting aid.
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(f) That such a program must be built up carefully because of the 
necessity of recruiting competent staff without disturbing other 
work which is already in progress, and also to surmount the very 
considerable administrative difficulties envisaged.

(g) That industry be consulted on detailed matters of procedure 
before any scheme is initiated.

(4) To give effect to the above considerations it is recommended:

(a) That the program be initiated immediately under the National 
Research Council on an experimental basis. The Council would 
appoint committees of experts from other government organizations 
and from industry.

(b) That a sum of $2, 000, 000 be made available to the National 
Research Council for this purpose in 1962-63 estimates.

(c) That industry be invited to apply to the National Research 
Council for research assistance for specific projects of interest 
to themselves. Tentatively it is proposed that such assistance be 
on a matching basis with the government paying salaries and wages 
and industry paying all other costs.

(d) If the scheme is a success its fairly rapid expansion would be 
contemplated.



164 Special Committee

Appendix F 
Attachment 1 (B)

RECORD OF CABINET DECISION

Meeting of November 23rd,1961.

Oovernment aid to stimulate research and development 
in industry

The Cabinet agreed that financial 
assistance be made available for research by 
industrial firms in Canada on the following 
basis:
(a) the assistance would be on a matching 

basis, with Industry contributing at 
least half the cost of any project;

(b) the general purpose of the scheme 
would be to establish a number of 
competent research teams in industry 
each year over a period of years, and 
the research and development projects 
submitted by industry should be Judged
on their merits with this general purpose 
in mind;

(c) that a sum of $1,000,000 be provided for 
this purpose in the 1962-63 estimates
of the National Research Council;

(d) that the programme be initiated by the 
National Research Council on an experimental 
basis after consultation with industry on 
matters of procedural detail;

(e) that decisions on the award of financial 
aid be made by committees of people 
competent in applied research and development, 
and that as necessary the Council should 
establish committees of experts from 
departments or agencies of the government
and from industry; and,

(f) that rights arising out of the research 
projects would be the property of the company 
concerned.

Privy Council Office 
November 27th,1961.

Registrar of the Cabinet.
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CANADA

AT THE GOVERNMENT HOUSE AT OTTAWA 

WEDNESDAY, the 14th day of APRIL, 1965.

PRESENT:

HIS EXCELLENCY
THE GOVERNOR GENERAL IN COUNCIL.

His Excellency the Governor General In Council, 
on the recommendation of the Chairman of the Committee 
of the Privy Council on Scientific and Industrial Research, 
pursuant to any enactment of the Parliament of Canada for 
defraying the several charges and expenses of the public 
service from and after the first day of April, 1965, that 
provides for payments in respect of Assistance Towards 
Research in Industry, is pleased hereby to approve the 
following terms and conditions which are to govern the 
National Research Council's industrial research assistance 
program:

1. Financial assistance is to be given to assist industry 
in establishing competent research teams for 
relatively long-term applied research projects in 
science and engineering which offer reasonable 
potential for achieving major advances.

2. Assistance is to be confined to companies incorpora
ted in Canada and to research to be carried out
in Canada.

3. Financial assistance is to be granted to companies 
only after their applications have been approved by 
the Committee on Industrial Research Assistance of 
the National Research Council.

4. The costs of projects are to be shared on the basis 
of approximately equal contributions by the National 
Research Council and industry.

2
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5. Grants are to be made annually on a fiscal 
year basis, subject to the provision of funds 
by parliamentary vote, and any unspent balance 
is to lapse at the end of the fiscal year.

6. Matters of administrative procedural detail are 
to be determined by the Committee on Industrial 
Research Assistance and the National Research 
Council.

7. No patent or property rights shall accrue to the 
Government of Canada as a result of a research 
project.
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GSO'.VTH OF PROGRAM

i-J.RC. INDUSTRIAL RESEARCH ASSISTANCE PROGRAM

APPLICATIONS (TOTAL) 
APPROVED (TOTAL) 
REJECTED(TOTAL)

1962 1963 1964 1965 1966 1967 1968
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CUMULATIVE TOTALS OF COMPANIES RECEIVING GRANTS 
BY

SIZE OF COMPANY AND GEOGRAPHICAL DISTRIBUTION 

April 1962 to September 1968

PROVINCE 199 or Less 
Employees

200 to 299 1
Employees j

1000 or More 
Employees

Total
Companies

Associations Overall
Total

B.C. 2 2 5 9 1 10

ALTA 3 1 3 7 2 9

SASK 1 0 0 1 0 1

MAN 2 1 0 3 1 4

ONT 31 10 28 69 1 70

QUE 9 9 15 33 3 36

N. B. 0 1 1 2 0 2

TOTALS 48 24 52 124 8 132

PERCENTAGES 39%
U

19% 42% 100%

TABLE 2

APPLICATIONS FOR ASSISTANCE (BY FISCAL YEAR)

1962/63 1963/64 1964/65 1965/66 1966/67 1967/68 1968/69
(To July 1968)

Received 124 30 57 38 34 54 10

Withdrawn by 
Company 1 2 4 5 1 0 0

Pending - - - - - 1 2

Reviewed 123 28 53 33 33 54 8

Approved 78 22 44 27 32 47* 6

% Approved 63% 79% 83% 82% 97% 87% 75%

(*2 subject to evailability of funds 1968/69)

29009—101
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FINANCIAL SUMMARY

FUNDS APPROVED 1962/63 1963/64 196-4/65

Commitment Authority - - 3,000,000

Funds Provided 1,200,000 2,400,000 2,700,000

Committed 843.922 2,093,100 2,981,233

Expended 537,318 1,603,605 2,171,269

Percentage 64% 77% 73%

Renewals - 1,646,100 2,440,400

No. of Renewals 60 79

TABLE 4

AVERAGE ANNUAL COSTS OF PROJECTS

1962/63 1963/64 1964/65

Average Grant
Est. Company Cost
Total

13,500
13,400
26,900

25,000
24.900
49.900

26,800
33,500
60,300

Actual NRC Support 
Actual Company Costs 
Total

8,700
14,800
23,500

19,100
23,500
42,600

19,200
30,300
49,500

Maximum Annual Grant 70,300 99,700 115,000

Minimum Annual Grant 6,000 6,000 3,900

Est. Months Duration 37 42

1965/66

4,500,000

1966/67

6,000,000

1967/68

6,900,000

1960/69
(To July "1968) 
7,300,000

3,500,000 4,500,000 5,700,000 6,100,000

4,246,500 5,293,600 6,361,600 7,147,400

3,306,262 4,198,994 5,036,849

78% 79% 80%

3,543,900 4,604,000 5,487,450 6,233,400

105 122 122 130

1965/66 1966/67 1967/68 1968/69
(To July 1968)

30,000 35,100 42,400 41,600
39,300 41,700 56,600 53,300
69,300 76,800 99,000 94,900

23,500 27,800 32,000 -

32,600 41,700 43,000 -

56,100 69,500 75,000 > > 
rr T3

147,500 215,000 322,000 292,800 • 8 * 
U, er y

4,200 4,700 5,600 7,900 - 1 If

52 50 55 58

Special C
om

m
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TABLE 5

TOTAL PROGRAM

NO. NRC COMPANY
DATE PROJECTS SUPPORT COSTS TOTAL

1 Jun 1963 74 7,412,000 (51%) 7,193,000 (49%) 14,605,000

1 Jun 1964 98 11,200,000 (47%) 12,675,000 (53%) 23,875,000

1 Apr 1965 122 13,314,305 (46%) 15,601,198 (54%) 28,915,503

1 Apr 1966 159 19,389,826 (44%) 24,454,346 (56%) 43,844,172

1 Apr 1967 188 22,962,895 (44%) 29,001,404 (56%) 51,964,299

1 Apr 1968 223 30,594,767 (42%) 41,540,436 (58%) 72,135,203

1 Jul 1968 254 37,293,331 (43%) 49,544,197 (57%) 86,837,528

ACTIVE -

1 Jul 1968 172 32,474,232 (43%) 42,508,803 (57%) 74,982,535

COMPLETIONS AND TERMINATIONS TO DATE (1 July 1968)

80 4,819,099 (41)6) 7,035,894 (59%) 11,854,993

Note: 68 of the 131 companies involved in IRAP were new to research and 44 of them 
currently in IRAP have created 300,000 sq. ft. of laboratory space, employ 
197 professionals Including 52 Ph. D. 's, and are spending a total of 6 million 
dollars on applied research in 1968/69.

The remaining 43 companies had previous research experience. Between 
January 1962 and December 1967 they have expanded laboratory space from 
930,000 to 1,650,000 sq. ft. (77%), increased total capital investment in 
research buildings and equipment from 31. 3 million dollars to 74 million 
dollars (136%), increased annual research operating expenditures from a 
total of 25. 3 million to 58. 6 million dollars (135%).
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1962/63
INDUSTRY 1963/64 1964/65 1965/66 1966/67 1967/68 1968/69*

FOOD 5 BEVERAGE 325.5 290.1 399.7 447.4 619.7 642.6

RUBBER 189.0 215.0 290.0 474.2 558.0 575.9

TEXTILE 28.5 61.6 115.7 114.0 57.9 88.0

WOOD 63.2 128.0 175.8 205.0 231.4 239.5

PAPER & ALLIED 
INDUSTRIES 198.1 149.5 204.1 475.1 776.6 865.1

PRIMARY METALS 202.3 282.1 356.0 272.5 346.1 342.9

METAL FABRICATING 128.2 104.5 36.2 24.4 70.6 139.4

MACHINERY 128.3 112.1 232.7 379.5 400.4 361.8

TRANSPORTATION
EQUIPMENT 31.4 36.6 36.5 - - 80.8

ELECTRICAL PRODUCTS 511.1 433.0 578.9 655.6 674.8 860.3

NO -METALLIC MINERALS 154.8 118.6 214.2 276.3 435.2 404.2

PETROLEUM & COAL 
PRODUCTS 71.1 54.5 101.3 111.2 110.7 141.4

CHEMICAL & CHEMICAL 
PRODUCTION 532.0 529.5 877.1 1063.8 1190.8 1345.8

PHARMACEUTICALS 311.0 394.6 495.2 645.0 698.3 875.4

OTHER MANUFACTURING 62.7 71.5 133.1 149.6 191.2 184.3

TOTAL 2937.2 2981.2 4246.5 5293.6 6361.7 7147.4

Note: IHAP companies are mostly in fields other than aircraft and electronics, 
whose applications are directed generally towards DIE and PAIT.

65% of IRAP funds have gone to the chemical, rubber, drugs, petroleum, 
food, paper and wood industries. In 1965, this represented over 90% 
of the government applied research support received by these industries.

July 1968



Science Policy 173

TABLE 7

TOTAL POSITIONS
(for current projects only on date shown)

Appendix F 
Attachment 3 

- 6 -

l)cte Professional Technician Student Total

1 June 1963

Created 200 121 321
Filled 143 (71%) 88 (72%) - 231 (72%)

1 June 1964

Created 266 176 442
Filled 214 (80%) 162 (92%) - 376 (85%)

1 October 1965

Created 389 294 683
Filled 286 (76%) 209 ( 75%) - 495 (75%)

1 September 1966

Created 412 316 728
Filled 357 (87%) 271 (86%) - 628 (86%)

30 June 1967

Created 431 357 33 821
Filled 377 (87.5%) 312 (87.4%) 28 (85.7%) 717 (87.3%)

30 June 1968

Created 505 395 49 949
Filled 448 (88.7%) 346 (87.6%) 34 (69.4%) 828 (87.3%)

Note: 705 professional and 541 technician positions have been created by IRAP. 
03S reports show that scientists and engineers engaged in applied re
search increased from 1148 in 1963 to 1673 in 1965, an increase of 45.5% 
as compared to 1.8% in basic research and 7.7% in development. I RAP 
contributed one-third of this 45.5% increase.

liJS reports also show that Ph.D.'s engaged in RSD in manufacturing 
industries increased from 514 in 1961 to 739 in 1965, a total of 225 
of 44%. IRAP companies accounted for 125, of which 90 were supported 
by IRAP. IRAP projects now support 140 Ph.D.'s, an increase of 55% 
in 2\i years.
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TABLE 8

ORIGIN OF PERSONNEL ENGAGED ON SPPPORTED PROJECTS

30 June 1967 30 April 1968

Transfer from within firm 246 (34.4%) 288 (38.2%)

Recruit from Canadian industry 136 (19.2%) 153 (20.4%)

Recruit from U.S. industry 13 (1.8%) 9 (1.2%)

Recruit from U.K. industry 18 (2.5%) 23 (3.1%)

Recruit from other industry 29 (4.0%) 39 (5.2%)

Recruit from University 172 (24.0%) 162 (21.5%)

Recruit from Technical Institute 32 (4.5%) 32 (4.2%)

Recruit from School 29 (4.0) 19 (2.5%)

Origin unknown 40 (5.6%) 28 (3.7%)

TOTAL 717 753
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LISTING OF RESEARCH PROJECTS

To accomplish its goals the NRC has one program 

covering all matters related to science and engineering.

This program is supported by four main activities or 

sub-programs which, though separable in principle, are 

to some extent intermeshed. These are respectively, 

assistance to the universities, assistance to industry, 

general administration and promotion in support of research, 

and intramural research.

This Appendix lists the intramural projects of the 

Divisions which together make up the sub-program of 

intramural research. Included in the compilation, of 

course, are a number of projects in which the intramural 

activity interacts more or less strongly with the university 

and industrial programs.

There are a number of ways in which the information 

could be tabulated. It could be done by discipline but modern 

research methods tend to blur the conventional lines between 

disciplines. One might better attempt to trace the thread of 

an identifiable activity through the disciplinary and administrative 

structure. This is not always an easy exercise, though it is
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actually being followed in the current re-alignment of 

intramural activities. We should eventually be in a 

position to present our program in such a manner.

For the present, though, a listing by Divisions as they 

are now constituted seems to be a reasonable and 

useful compromise.

The internal structure of most of the Divisions is 

made up of groups of research workers known unofficially 

as Sections. Usually a Section will be involved in one 

specific and identifiable part of the Division's activity, 

though it is not uncommon for several more or less 

loosely related projects to be going on within a given 

Section. Co-operative and complementary projects are 

often undertaken involving two or more Sections, either 

within the same Division or in different Divisions. The 

administrative structure in NRC is largely vertical, but 

the control and guidance of the scientific program is both

vertical and horizontal.
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Division of Applied Chemistry

Analytical Chemistry

(a) Emission spectroscopy of inorganic materials

(b) Gas chromatographic and infrared analysis of 
organic mixtures

(c) Analytical chemistry of thorium and associated 
rare earths

(d) Ion exchange resins and spectrophotometric methods 
in inorganic analysis

(e) X-ray fluorescence inorganic analysis

A
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Chemical Engineering

(a) Separation of suspended solids in liquids by inclined 
settling and spherical agglomeration

(b) Separation of substances in solution by membrane 
permeation

(c) Studies on physical and chemical properties of 
fluidized and spouted beds

(d) Solid state inorganic chemistry

(e) Separation of solids in packed fluidized beds

Colloid Chemistry

(a) Dielectric properties of polar molecules

(b) Applications of differential vapor pressure 
measurements

(c) Stability characteristics of suspensions

W Q
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Corrosion

(a) Oxidation of metals

(b) Electrochemistry of corrosion

(c) Electron Diffraction and microscopy

(d) Metallography

High Polymer

(a) Ionic and radical polymerization mechanisms

(b) Characterization of polymer solutions

(c) Lignin reinforcement of rubbers

(d) Molding and testing of rubbers

High Pressure

(a) P.V.T. properties of vapors and liquids

(b) Accurate measurement of high pressures

(c) Chemical kinetics

(d) Properties of high pressure phases (dielectric, 
X-ray, thermodynamics, etc.)

(e) Far infrared spectroscopy

Hydrocarbon Chemistry

(a) Oxidation of liquid hydrocarbons

(b) Reactions of phenols and amines with peroxy radicals

(c) Organic synthesis
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Kinetics and Catalysis

(a) Atomic and free radical reactions in the 
vapor phase

(b) Catalytic processes in hydrocarbon chemistry

(c) Electron spin resonance spectroscopy
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Division of Applied Physics

High Temperature Research

Determination and analysis of the transport 
properties of solids at high temperatures.

Acoustics

(a) Noise control in industrial machines

(b) Audiometric techniques and calibration

(c) Acoustic absorbers

(d) Hearing conservation - ear defended development

(e) Studies of molecular structure using ultrasonic 
methods

A
P
P
L
I

Standards

The development and maintenance of calibration 
services in the fields of acoustics, colorimetry, 
electricity, mechanics (length, mass, hardness, 
etc.)» optics, temperature, time, X-ray and 
nuclear radiations.

Neutron Physics

(a) Development of neutron source standard

(b) Studies of energy distribution from radioactive 
neutron sources

Photogrammetry

(a) Systematic investigation of limiting factors in 
photogrammetric accuracy

(b) Application of digital techniques to the analysis 
of aerial photographs

M D 
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A
P

Photogrammetry (cont1 d. )

(c) Development of Analytical Plotter and of a precise 
monocomparator

(d) Development of a system for the production of 
orthophotographs. Includes a new type of 
orthoprojector, contouring table and facilities 
for automatic contouring and shading.

Radiation Exposure Measurements

Development of equipment for measuring low and 
medium energy x-rays and gamma-rays and 
development of a total energy calorimeter for 
Cobalt 60 sources

Optics

Research on photometry and color vision; design 
and calibration of instrumental optics; diffraction 
optics, aimed at enhancing instrument resolution.

W Q
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Atlantic Regional Laboratory

The following projects are basic in nature, but are grouped 

under headings which indicate the field in which application may 

occur.

Food Production

(a) Chemistry of seaweed polysaccharides; cultivation 
and drying of seaweeds

(b) Ecology, biochemistry, and physiology of marine algae

(c) Taxonomy of peat mosses; biosynthesis of lichens

(d) Production of toxic substances by fungi isolated from 
Nova Scotian pastures

(e) Biosynthesis of lignin and related compounds

(f) Growth of phytoplankton organisms in pure culture

(g) Photosynthesis by marine algae

(h) Metabolism of aromatic compounds by higher plants

Medicine

(a) Chemistry of psychotomimetic compounds

(b) Chemistry of aminochrornes and catecholamines

(c) Biosynthesis of antibiotics by actinomycètes

(d) Spectral studies of hydration of ribonucleic acids

(e) Metabolic control of biosynthesis in fungi
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Chemical Industry

(a) Studies of liquid silicates and molten salts at 
high temperatures

(b) Kinetics of decarbonization of liquid iron- carbon 
alloys and of liquid iron- sulphur alloys

(c) Synthesis of aromatic compounds by the Diels-Adler 
process, and temperature effects in the substitution 
reactions of aromatic compounds

(d) Reactivities of the hydroxyl groups of carbohydrates

(e) Hydrogen bonding in ice and water

A
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(f) Electrochemical studies on inorganic compounds at 
high temperatures

(g) Determination of gases in metals by isotopic dilution

(h) Determination of the structures of natural products 
by spectroscopic methods
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Division of Biosciences

Food Research

(a) Effects of freezing and storage on the biochemistry 
and quality of foods

(b) Refrigerated transport

(c) Chemistry of milk

(d) Meat biochemistry

(e) Fluoride in food

(f) F at chemistry

Biometrics

(a) Agrometeorological studies

(b) Sensory comparison tests

(c) Numerical taxonomy of bacteria

Animal Physiology

(a) Acclimatization to cold

(b) Physiology of flight in birds

Plant Physiology

(a) Photosynthesis

(b) Translocation of photosynthetic products

B
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(c) Toxic algae
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Chemistry of Natural Products

(a) Properties of polysaccharides of plant origin

(b) Polysaccharides of microbial origin - relation 
between chemical structure and immunological 
reactions

(c) Lipids of plants 

Cell Biology

(a) Morphogenesis of plant cells

(b) Production of biological fibres - celluloses, chit in 
and keratin

(c) Structure and synthesis of plant cell components

(d) Organization and development of yeast cell wall

(e) Structure of ribosomes

(f) Effects of freezing on cellular components

Protein Studies

(a) Egg-yolk proteins

(b) Blood lipoproteins and glycoproteins

(c) Protein synthesis

(d) Structure of hemoglobin

(e) Glycoproteins from plasmas

Microbiology

(a) Structure and metabolism of halophilic and 
psychrophilic bacteria, and of yeasts

(b) Lipids of microorganisms
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Microbiology (cont'd. )

(c) Proteases of microorganisms

Radiation Biology

Effects of ionizing radiations on animal cells
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Division of Building Research 

Building Materials Research

(a) Paints and protective coatings

(b) Concrete, unit masonry and mortar

Building Services

Environmental aspects — heating, cooling and humidity 
control, together with mechanical services including 
water and drainage system.

Building Structures

Studies of buildings in relation to snow and wind loads, 
and assistance in preparing codes and standards.

R
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Building Physics

Applications of physics to building problems, with 
emphasis on vibrations and acoustics

Fire Research

Studies of combustion of materials, fire behaviour 
in buildings, extinguishment of building fires

Snow and Ice

Studies of formation, growth and break-up of ice
as it affects buildings, harbors, bridges, towers, etc.

Soil Mechanics

Studies of the fundamental behaviour of soils, and 
investigation of improved foundation design and 
construction techniques

oz
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Building Practice

(a) The provision of technical advice to the building 
industry

(b) Housing studies — assistance to CMHC in their 
program of acceptance of materials and equipment 
and methods for construction under the National 
Housing Act

(c) Provision of services for the Associate Committees 
on the National Building Code and National Fire Code

(d) Regional services — stations at Halifax, Saskatoon, 
and Vancouver to provide advice to those concerned 
with building in these areas.
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Division of Mechanical Engineering

Hydrodynamics

(a) Coastal engineering, river hydraulics, sedimentation, 
ice in rivers, wave studies

(b) Propeller and hull studies, steering and rough water 
characteristics

Thermodynamics

(a) Study of thermally ionized gases

(b) Aerodynamic studies of gas turbine components

(c) Boundary layer studies

VTOL Aircraft Propulsion Systems

(a) Optimization of turbo fan engine cycles for VTOL 
applications

(b) Interaction effects between intakes, nozzles, and 
environment

(c) Experimental studies of engine intakes
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Fuels and Lubricants

(a) Low temperature gear lubricants

(b) Long term storage of hydrocarbon fuels

(c) Filtration of aviation fuels

(d) Steam turbine lubricants

(e) Solid lubricants

O
 2
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Railway Transportation

(a) Gas turbines for locomotive traction

(b) Air brake studies

(c) Effect of ice and snow on traffic control systems

(d) Freight car design

(e) Lubricating oils for diesel locomotives

Medical Instrumentation

(a) Vascular suturing instruments and techniques

(b) Instrumentation for neurosurgical procedures

Control Systems

(a) Optimization control of pyrometallurgical processes

(b) Human factors in engineering

(c) Biological control systems

Air Transportation

(a) Aircraft icing

(b) Study of bird collisions with aircraft

(c) Cold weather refuelling hazards
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National Aeronautical Establishment

Flight Research

(a) Airborne simulation of VTOL & STOL aircraft, 
using a specially converted helicopter

(b) Cooperation with Geological Survey on high resolution 
airborne magnetometry

(c) Studies of atmospheric turbulence

(d) Continuing development of Crash Position Indicator 
and accident data recorder

(e) Assessment of potentialities of air cushion vehicles 
in arctic areas

(f) Cooperative studies on the uses of aircraft in 
agriculture and forestry

Low Speed Aerodynamics

(a) Long-term research projects in aerodynamic design

(b) Assistance related to design and operational problems 
in the Canadian aircraft manufacturing and air transport 
industries

(c) Aerodynamic investigations of a non- aeronautical nature 
i. e. , related to bridges, towers, ships superstructures,
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High Speed Aerodynamics

(a) Long-term studies of boundary layer flows and 
hypersonic flow

(b) Specific investigations for the aerospace industry, 
including extensive studies of rocket vehicle problems
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Unsteady Aerodynamics

(a) Development of free flight techniques to study models 
performing in simultaneous motion in several degrees 
of freedom

(b) Aerodynamics of sounding rockets

(c) Gas phase reaction kinetics

Structures and Materials

(a) Aircraft response and load statistics — program to 
record velocity, acceleration and altitude and load 
counts data for a number of Canadian built aircraft

(b) Structural analysis and optimization, with emphasis 
on airframes and rockets

(c) Research into the properties of materials used in the 
aerospace industries, and including evaluation of the 
oxidation resistance of superalloy coatings

(d) Studies of structural fatigue, and the development of 
techniques in fractographic analysis
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P
Prairie Regional Laboratory ^

I

Microbiology ^

Directed towards selecting specific strains of 
organisms and growing them to produce enzymes, antibiotics, ^
amino acids, etc. Examples of projects are: ^

G
(a) Development and patenting of a system of continuous I

synchronous fermentation O
N

(b) Development and patenting of a process for producing A
glyco-lipids L

(c) Study of the mechanism of obligate parasitism in L
bacteria A

B
(d) Isolation of cholesterol from a microorganism and O

study of its effects on temperature sensitivity and R
permeability of cell membranes A

T
(e) Isolation and purification of enzyme systems involved O

in breakdown of carbohydrates and phenolic materials R
by microorganisms Y

(f) Studies on the production, structure and biosynthesis 
of microbial products, that have growth promoting or 
antibiotic activity

(g) Study of cell structure in relation to localization of 
functions

(h) Investigations of cell wall constituents and their break 
down by enzyme systems

(i) Breakdown of flavonoid materials by microflora in 
the rumen

(j) Studies on nitrogen fixation
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Plant Breeding and Nutrition

Directed to establishing relations between the chemical 
components of plants and genetic factors that can be controlled 
through plant breeding. Representative projects are listed

(a) Development of vapor phase analysis to permit 
studies in depth on fatty acids, terpenes, thioglucosides, 
carbohydrates, amino acids and phenolics

(b) Collaborative studies with plant breeders in C.D. A. 
and universities to develop rapeseed varieties that 
are low in erucic acid

(c) Collaborative studies with nutrionists on relations 
between the fatty acid composition of the diet and the 
depot fats of test animals

(d) Development of methods of analysis for thioglucosides 
and application of these methods to problems of plant 
breeding and nutrition

(e) Studies on the occurrence and biosynthesis of aromatic 
amino acids, flavonoids and phenolic compounds and 
their resistance to degradation by enzymes in micro
organisms

(f) The structure and nature of seed proteins in relation 
to nutritional problems

(g) Determination of terpenes in evergreens, and relations 
between composition and species

(h) Development of single cell cultures from wheat, soy 
bean, flax, potatoes and other crop plants. For use 
in the study of enzymatic synthesis

(i) Exploration of possibilities of producing new hybrids 
by using single cell cultures

(j) Study of effects of mutagens on single celled cultures
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Division of Pure Chemistry

Organic Studies

Bioorganic Chemistry

Chemistry of Transient Species

Natural Products and Organic Reactions

Organic Spectrochemistry

Organic Synthesis

Pyrroles and Porphyrins

Total Synthesis of Natural Products

X-ray Analysis

Physical Studies

Electron Spin Resonance 

Mass Spectrometry 

Molecular Spectroscopy

Nuclear Magnetic Resonance; Organic 
Crystal Semi-Conductors

Photochemistry and Radiation Chemistry 

Physical Organic Chemistry

Thermodynamics at Low Temperatures; 
Imperfections in Solids

Thermodynamics of the Solid Gas Interface 

Thermodynamics of Solutions

Theoretical Studies

Exciton Transport, Radiationless Transitions

Many-body Studies on Optical Properties of 
Solids
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Quantum Chemistry
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Division of Pure Physics

Cosmic Rays and High Energy Particles

(a) Studies of charged particles in the Van Allen 
radiation belt, using satellites

(b) Studies of charged particles associated with 
auroral events, using sounding rockets

(c) A continuing study of long and short-term 
variations in the intensity of cosmic rays

(d) Study of high energy nuclear interactions 
induced by cosmic rays

Laser and Plasma Physics

(a) Experiments on the interaction of laser 
beams with plasmas

(b) Development of a ruby laser having a 
narrow spectral line-width, for use in 
scattering experiments
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Solid State Physics

(a) Studies of the conduction electrons in 
metals and alloys

(b) Studies of the crystal chemistry and 
magnetic properties of alloys

Spectroscopy

A continuing study of the spectra and the 
structures of atoms and simple molecules.
The laboratory contains the world's largest 
collection of high resolution spectrometers 
and spectrographs, and its accomplishments 
are universally recognized within the 
scientific community

Crystallography

X-ray diffraction studies of selected crystalline 
substances

01
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Radio and Electrical Engineering Division

Radio Astronomy

(a) Investigation of radio emissions of solar, planetary, 
galactic and extra- galactic origins

(b) Operation of National Radio Observatory, Algonquin 
Park

Upper Atmosphere Research

Studies of auroral phenomena, meteors, infrared 
emissions and air glow, using radar, photographic 
and visual techniques, together with rocket-borne 
instrumentation

Electron Physics

(a) Research in surface science, quantum electronics 
and gaseous electronics

(b) Development of ultrahigh vacuum instrumentation 
and techniques

Solid State

(a) Optical and electrical processes in organic and 
ionic crystals

(b) Theoretical studies of solid state devices

High Voltage

(a) Corona and interference tests on high voltage 
lines

(b) High voltage measurement techniques 

Medical Electronics

Development of instrumentation used in diagnoses, 
treatment and research
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R
A
D

Navigational Aids

Development of navigational radar, beacons,
position-fixing equipment ^

Precision Measurements and Standards E
L

AC and DC current comparators, microwave E
calorimeters, impedance and attenuation C
standards T

R
Instrumentation and Circuit Design ^

A
Telemetry systems development; low-noise ^
receivers, electrical-mechanical-optical
instrumentation for basic research projects £

N
Computer Techniques G

I
Data processing, man-machine communications , N
computer interfaces, information classification E
and retrieval, computer-aided teaching E

R
Antenna Development I

Basic studies in electromagnetics together with 
the provision of specialized services for the 
design of antennas and RF devices

o z
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Space Research Facilities Branch

The thirty-five staff members of this branch direct 

the activities of more than two hundred contract workers in 

the operation of a rocket-launching facility at Fort Churchill, 

Manitoba, for the use of scientists in Canada and the U.S. A.
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TECHNICAL INFORMATION SERVICE 

OF THE

NATIONAL RESEARCH COUNCIL OF CANADA

The N.R.C. Technical Information Service (T.I.S.) was established 

in 1945 to assist secondary manufacturing industry, small companies of less than 

200 employees in particular, to keep abreast of new developments in technology 

and research. Of the 33,000 manufacturing companies in Canada, 96% employ 200 

employees or less, representing 40% of the factory labour. They produce 40 % of 

the factory shipments. These figures correspond generally to those current in 

other industrial nations.

Small companies depend a great deal upon suppliers, competitors, 

trade associations, conferences and verbal contacts for technical information. 

They may subscribe to a few technical journals dealing with their own field 

but generally are not aware of technical information sources and channels.

Furthermore, technical and scientific literature holdings in public 

libraries across Canada, with few exceptions, are limited, and university 

libraries generally are not designed or suitable for industrial use.

Accordingly T.I.S., which consists of a group of professional engineers 

familiar with provincial industry and commerce, visits these small companies 

individually and, supported by a group of specialists in Ottawa having access to 

world-wide channels of information, provides them with a service which large 

companies have the resources, channels and experience to undertake for themselves.

The concept of T.I.S. originated personally with Mr. C.D. Howe and 

Dr. C.J. MacKenzie in 1945. Initially, it was established in the Research and 

Development Branch, Department of Reconstruction and Supply. One year later, 

at Mr. Howe's suggestion, it was transferred to N.R.C. because of better
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technical facilities and the information channels available. Paragraph 

13(g) of the N.R.C. Act authorizes N.R.C. "to publish and sell or otherwise 

distribute such scientific and technical information as the Council deems necessary".

In 1952 the Provincial Research Councils or Foundations, by agreement, 

began taking over T.I.S. work in their provinces, for which they are paid an 

annual fee. (See Attachement 1.) These Councils are concerned with developing 

and exploiting the province's natural resources. Their field engineering 

services normally provide liaison between industry and the laboratories, and 

technical assistance with production. They are technically qualified to 

undertake T.I.S. work, thus avoiding duplication of travelling costs, waste of 

technical manpower, and confusion between federal and provincial services.

At first, to meet an obvious and pressing demand, T.I.S. concentrated 

on technical enquiry and answer activities. At the present time field officers 

from all field offices across Canada are visiting small companies periodically to 

discuss and help with their technical problems. In the Maritime and Western 

Provinces, where industry is less concentrated, many large companies are 

included. Large companies, of course, often request help directly.

Both field and Ottawa staff, with two or three exceptions, are 

graduate engineers with from 5 to20armore years of production experience. They 

are mostly mechanical or chemical engineers, to match the job. A statistical 

analysis of their background is shown in Attachment 2.

Field officers are key men in the information chain and deal personally 

with all levels of company personnel. In general they are the equivalent 

of sales engineers in industry.

The Ottawa staff officers generally are somewhat older, from 35 to 

65. Personality is not so important except as related to their ability to get 

along with their colleagues and the field officers. Their industrial experience 

has been more varied and at a more senior level than the field officer. They

29009—121
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must have a wide interest and curiosity in technology, judgment in assessing 

a query and the depth of answer required, ability to express themselves in 

writing to enquirers varying from technical laymen to chief engineers and senior 

scientists, and be capable of maintaining interest in a desk job in which the 

variety of technical content is intriguing but the output is a continuous 

flow of written replies every working day.

Their training is of the "on the job" contact type, concentrating 

mainly on locating and using information sources and dealing by correspondence 

with a wide variety of people in a wide variety of technical fields.

Staff officers are encouraged to attend scientific and industrial 

conferences in their fields at suitable intervals. Industrial engineers are 

sent on short, specialist courses to improve their capabilities and broaden 

their knowledge in specific areas.

The Head of T.I.S., with committments in several international 

organizations, travels abroad once or twice a year. Advantage of this is taken 

to visit other information services to exchange experiences, techniques and 

procedures, and to compare results. Section heads make occasional foreign 

trips to compare and improve their own operations.

An annual conference of field officers has been held for many years, 

rotating in location between field offices. Informal interchange of experiences 

and unilateral cooperation between field offices upgrades their operating 

effectiveness.

An understanding of the needs of small industry cannot be reached by 

simple scaling down of the experience and requirements of large companies. A 

technical information service designed for small companies will not entirely meet 

the needs of large companies and vice versa, and coverage of both sectors 

involves compromises.

The small industrialist generally will not take time to write to N.R.C.
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or other government laboratories about his technical problems, partly because 

he may feel his problems are at too low a level for N.R.C. consideration, and 

partly because he may lack the technical ability to assess and describe his 

problem. He welcomes the visit of a personable and knowledgeable engineer, 

sometimes just as an outlet for his gripes against the government, business 

conditions, competitors, etc. Eventually he will mention technical problems 

which he knows exists in his operations, or a trip through his plant reveals 

others of which he is unaware.

Any queries unanswerable locally are referred to T.I.S. in Ottawa. 

Queries are also received directly from companies who have become aware of 

T.I.S., or by referral from other government departments. Attachment 3 

indicates the origin of the enquiries.

The Ottawa staff has numerous and wide-ranging sources and channels 

of information available:- firstly, their own personal knowledge and experience 

and that of their colleagues; secondly, over 75,000 previous enquiries and 

answers; thirdly, the National Science Library and its associated library 

networks; fourthly, numerous scientists and engineers in government research 

laboratories and operating divisions; fifthly, large companies and industrial 

associations; and, finally, technical information centres, government and 

commercial organizations in foreign countries.

Technical information provided by T.I.S. differs from that given by 

the National Science Library. The two organizations work closely together 

and cross refer enquiries as needed.

By agreement, T.I.S. refers all queries in their particular fields to 

the Forest Products Laboratories and the N.R.C. Division of Building Research.

Canada is the second country in the world, after the Netherlands, to 

use the field officer approach to manufacturing industry, and a number of 

countries since have followed suit. The association of T.I.S. with a scientific
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institution rather than a government department has been most advantageous.

Small companies seem to distrust the motives of government departments.

However,a scientific organization such as a research council, although it is 

a government agency, is regarded as a neutral organization, objective in nature, 

and with which discussion can be open. Other countries report the same attitude.

Aside from assisting with technical problems, field officers provide 

a cross-fertilization of ideas, techniques and procedures between companies, 

subject always to the maintenance of commercial security. They sometimes 

put companies in contact with each other to build up local sources of supply 

and profitable business cooperation, or even mergers. They also help on 

small-town problems concerning community development, tourist trade, establishment 

of cooperatives and other items of a nontechnical nature.

However, although the Question and Answer Service performs a most 

useful function, much of its output necessarily is passive in nature. It 

generally supplies only information that is asked for by industry, including 

only such new technology as is related to the enquiry. In 1960, Dr. Steacie, 

then President of N.R.C., directed that T.I.S. should broaden its activities 

to meet its responsibilities in a more positive manner.

The first step was a planned expansion of staff on a 5 year basis 

(See Attachment 2(c)).

The T.I.S. operating budget, which does not include salaries and 

other administrative and overhead costs absorbed by the general N.R.C. budget, 

has increased from $20,000 to $45,000 per year. The provincial fees have 

increased from a total of $62,000 to $387,000, which covers salaries and some 

administrative overhead. Each province receives approximately the same sum, 

averaging $64,500. This is an unbalance in favour of the Western and Maritime 

provinces which, however, are less favoured as to availability of information.

The second step was the organization of the Industrial Engineering
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Section in 1962. Since our Technical Enquiry officers had only general knowledge 

and experience in this area, professional engineers specializing in such work 

were employed and now number 15 in the field and 1 in Ottawa. A description 

of their work area is given in Attachement 4 and their distribution of effort 

in Attachements 5 and 6. To meet this need, the Industrial Engineering Section 

informs small companies of IE techniques and assists them in their application, 

on a do-it-yourself basis. It encourages companies to hire trained staff or 

send their own staff on training courses and promotes the establishment of 

suitable training facilities by educational authorities.

The third step in expanding T.I.S. activities was the formation of the 

Technological Developments Section in 1964 to provide selected information 

covering all areas of industrial technology and research.

This is done by mail directly from Ottawa in the form of Checklists 

of technical articles selected from the world's scientific and technical literature, 

Technical Reviews of technological processes, and Technical Films provided to 

the National Film Library for loan to industry.

Over 30,000 manufacturing companies have been asked to submit a 

"profile of interest", a listing of the product fields of interest to their 

company; 3,000 have replied and their profiles have been registered in a computer.

All answers to technical enquiries and all items selected by the 

Technological Developments group and IE Section are put into the computer. 

Periodically the profiles of particular companies in a particular field of 

industry are matched by the computer to these items. The items selected 

by the computer are sent directly to the companies as a checklist.

Items are selected not only from the literature directly related to 

a company's interest, but from literature covering associated production 

fields and scientific disciplines. For example, an electronic device developed 

for a control in the machine tool industry may be recognized by T.I.S. as 

having an application in the chemical industry, which may be unaware of its

existence.
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Technical Review are summaries of "state of the art" written for 

technical laymen on developments that generate a number of similar enquiries 

due to publicity on their industrial potential,such as "thermoelectricity",

"spark erosion machining", etc.

A film collection has been started which is handled on behalf 

of T.I.S. by the National Science Film Library for loan to industry at 

nominal charges, control of the distribution being maintained by T.I.S. 

to ensure that first priority is given to industry. These films cover 

industrial engineering techniques and new or current industrial processes, 

and are chosen to illustrate their nature and potential application to 

industrial processes.

If a program of foreign aid were launched under the auspices of the 

External Aid office and T.I.S., it is thought that a most useful contribution 

to the development of industry in developing countries could be made at 

relatively low cost. Aside from the social and political effects of such 

aid, it could also lead to a development of trade between Canada and these 

countries.

In considering the future development of T.I.S. in the next five 

years it is felt that the existing activities of T.I.S. are meeting definite 

industrial needs, in fields more than large enough to occupy a service many 

times the size of our present organization. Advances in mechanical retrieval 

and transmission of information will assist our service, but will give us 

a greater mass of material to read, select and disseminate, involving more 

manpower.

The manpower factor also is involved in the amount of publicity 

given to T.I.S. activities. Criticism is sometimes directed at TIS that the 

service is not well known or sufficiently publicized. This is true to some 

extent but there are two major reasons for it. One is that companies do not 

need to use the service daily. Changes of personnel occur frequently in industry
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and we often find, when a company executive indicates he has never heard of TIS, 

that we have helped his company many times over a period of several years.

Furthermore, TIS always has a backlog of work and must be careful 

to preserve a balance between the number of field officers, who are the salesmen, 

and the Ottawa staff who are the producers. It is definitely harmful to publicize 

a service which cannot meet the demand created by publicity. Unlike a business, 

which can expand as advertising increases the demand for its product, TIS 

expansion is related to a more or less fixed rate of growth, governed by its 

share of NRC's budget and manpower allocation.

It is felt, therefore, that the major hindrance to the effective 

performance of TIS functions will continue to be the lack of manpower and budget 

to meet both the existing and potential requirements for technical information.

Small industry is becoming more sophisticated, a trend which is 

noticeable in the queries received in recent years. Accordingly, upgrading 

of the level of staff competence by courses and other means will be of increasing 

importance, and will involve a number of problems.

The Province of Quebec presents some special problems. Bilingual 

engineers are most difficult to obtain, being few in number and greatly in 

demand by industry. Percentages of TISstaff operationally effective in both 

languages are given in Attachment 2 (c)(vi). Unless the technical literature 

from France becomes more acceptable, or French Canadian literature increases, 

or the small companies become more bilingual, this problem will continue to exist.

From time to time the provision of information free of charge is 

queried, frequently based on the old cliché that the only information industry 

holds in high regard is that which has to be paid for. However, the small 

industrialist generally is not prepared to pay for something, the effectiveness 

of which he cannot assess or evaluate in advance - particularly if it is 

software rather than a product or a process. If it is costly by his standards
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he will get along without it, regardless of its potential value.

If TIS were obliged to charge for its services, it would either die 

or its efforts would be chained to a small circle of clientele whose needs 

could be served by a commercial organization, if one could be found. Nevertheless, 

some aspects of the work of the Technological Developments Section may prove 

suitable for the development of a subscription service and this will be borne 

in mind.

The possibility of extending TIS operations to meet the needs of 

large companies has been a continuing consideration for several years. The 

field service type of operation is not considered suitable for large companies, 

due to the size, complexity and sophisticated nature of their organization and 

technical information needs. The Technical Enquiry and Industrial Engineering 

Sections can be of some direct assistance but it is in the Technological 

Developments Section that the greatest potential exists. Even here, the basic 

differences between large and small companies present problems but our future 

development will attempt to meet the needs of both sectors of industry.
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TECHNICAL INFORMATION SERVICE

Note:-
T. I. S. provides the administrative staff, 3 professional and 2 clerical, and the 
operating costs of the Industrial Research Assistance Program, the operations 
of which are described elsewhere. IRAP staff are qualified for T. I. S. work and 
are included in the summary below as T. I. S. personnel. Total funds show the 
total operating costs of T. I. S. and IRAP but do not include the IRAP grants. 
Under operating funds, the division between IRAP and T. I.S. costs is shown.

2. 5) Personnel associated with scientific activities

a) Current personnel establishment and people on strength (in brackets).

Secretarial,
Clerical & Stenographic,

Professional Technical Regulatory Typing

32 (32) 1 (1) 6 (6) 12 (12)

b) Professional staff on administrative duties -

TIS 2 IRAP 3

c) i) Country of birth

Bachelor Master Doctorate

Canada 15 
U.K. 2 
U. S. A. 1 
B. W. I. 1

Canada 5
Poland 1
China 1
Netherlands 1 
France 1

Canada 2
U.K. 1
Switzerland l

c) ii) Country in which secondary education taken.

Bachelor Master Doctorate

Canada 16 Canada 5 Canada 2
U.K. 2 U.K. 1 U. K. 1
U. S. A. 1 Poland 1 Switzerland 1

Netherlands 1
France 1
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c) iii) Country in which university degree taken.

Bachelor Master

Canada 15 Canada 3
U.K. 2 U.S.A. 3
U.S.A. 2 Poland 1

Netherlands 1 
France 1

Doctorate

C anada 1
U.K. 1
U. S.A. 1
Switzerland 1

c) iv) Working years since graduation and in present organization.

Number of 
Years

2
3
4
5
6
7
8
9

10 
11 
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32

Working Since
Graduation With N, R.C.

B. M. D.

1

1

B. M. D.

4 4
2 2 
3
1 3
2

1 1

2 1
1

1 1 
2
1 1

3
1

1

1
1

2
2

2 1
1

1 1 
1

1

3

1
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2.5) Personnel associated with scientific activities 

c) iv) (CONT'D)

Number of Working Since
Years Graduation With N.R. C

B. M. D. B. M. E

33
34
35 1 1
36
37
38 1
39 1 1
40
41 1

c) v) Average age

Bachelor Master Doctorate

50 50.8 50.5

c) vi) Percentage operationally effective in English and French.

Bachelor Master Doctorate

36.8% 33.3% 25%

d) Total professional staff In each degree category.

Bachelor Master Doctorate

1962 10 2 1
1963 11 5 2
1964 13 6 2
1965 14 7 2
1966 19 6 3
1967 18 6 4
1968 19 9 4
1969 22 (25) 8 4
1970 26 9 5
1971 29 10 6
1972 31 10 6
1973 33 10 7
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e) Turnover of professional staff.

Retired Resigned Hired

B. M. D. B. M. D. B. M. D.

19G2 1 3 2 1
1963 2 3 2
1964 1 1
1965 1 1 6 1
1966 1 1 1
1967 1 3 2 4

f) Percentage employed by industry, universities, provinces and federal govt.

Bachelor Master Doctorate

(1) Industry 95% 100% 75%
(11) Universities 5% 33% 50%
(ill) Provinces 10%
(iv) Federal 20% 10%

g) Number on educational leave - none

h) University summer students - 8

2. 6) Expenditures associated with scientific activities

a) Total Funds

Functions: (3) scientific information

Scientific discipline: (1) engineering and technology 
(5) support of R&D in industry

Areas of application: (9) industry

Funds

1962-63 $ 346,500.
1963-64 450,000.
1964-65 510,500.
1965-66 598,273.
1966-67 733,766.
1967-68 844,000.
1968-69 940,000.
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2. 6) Expenditures associated with scientific activities

b) Operating and capital funds.

Operating Funds

LR. A. T. I. S.

1962-63 $ 16,500. $ 330,000.
1963-64 20,000. 430,000.
1964-65 25,000. 485,500.
1965-66 25,000. 573,273.
1966-67 33,000. 700,766.
1967-68 50,000. 794,000.
1968-69 50,000. 890,000.

Capital Funds

1965-66 $ 10,000.

c) Ftuxds to further professional university education - NIL
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NATIONAL RESEARCH COUNCIL OF CANADA

TECHNICAL INFORMATION SERVICE

ORGANIZATION 8 OPERATING REPORT FOR 1967

♦See Note

T.LS. FIELD OFFICE

CANADIAN INDUSTRIES

TECHNICAL INFORMATION SERVICE

OTTAWA OFFICE

KEY! mcoMMH w event!--------- SUMMARY :
■tFvtt te mevmite---------  mevieiti maholeo at t.i i.ittwi

• T LETT** MM
VIMALLT MOO

leouiem MAH EH. 10 AT FICLt OFFICE!
IT LETTE* I/M VtMM.LT Wit!

T.I.S. PUBLICATIONS DISTRIBUTED IN 1967- 1355 TOTAL INOUIRIES IN 1967-14660

* Note: 215 enquiries transferred to other government departments
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Now . . . industrial engineers are moving up
D THE TRADITIONAL VIEW of an industrial en
gineer is fast becoming obsolete. Just a short time 
ago, the term "industrial engineer" was considered 
just another way of saying "time study man". The 
terms were virtually interchangeable.

But now the industrial engineer is starting to 
come into his own. With only one Canadian uni
versity (University of Toronto) offering a course 
in industrial engineering, the field is making rapid 
progress despite lack of university-level recognition.

The big change is that industrial engineers arc 
breaking the organizational tics that have bound 
them to the production side of the business. Man
agement is recognizing that their special skills and 
talents can be applied on a broad scale to all parts 
of the organization. So industrial engineering is be
coming recognized as a staff function covering vir
tually every area in the organization.

Some of the larger companies arc still bucking 
this trend by establishing multiple staffs of special
ists; one for production, one for office systems 
and procedures, and even separate groups devoted 
to operations research. The tools and techniques 
they use are virtually identical, and this -form of 
organization creates duplication and minimizes the 
effectiveness of each of the groups. The very pres
ence of organizational lines inhibits the effective 
use of their talents.

That is where smaller companies arc finding the 
big benefit. By moving the industrial engineer up 
to a staff position reporting to the general manager 
(or equivalent) a single department is free to coor
dinate efforts in every phase of the company's 
activities.

Take a look at the box below. This is a listing 
of the areas of experience being proposed by the 
American Institute of Industrial Engineers to eval
uate membership qualifications. You can recognize 
a number of areas that arc currently trying to es
tablish themselves as separate specialties. Yet each 
of them requires a broad general knowledge of 
many of the other areas and techniques listed.

It would be a criminal waste to reduce the 
effectiveness of any of the powerful new techniques 
currently being developed and applied through failure 
to recognize the interdependence of them. This 
can only be avoided by centralizing responsibility 
for these vital management techniques.

The industrial engineering department is the log
ical place for this centralization. It contains most 
of the needed skills now. Restricting the applica
tion of these skills by setting up artificial organiza
tional barriers can only result in weakening the 
entire organization.

Don't let it happen in your plant, O

- ■ssm & : m z'-zvMsmmam

Here’s a new look at what Industrial Engineers do:
Industrial Engineering experience . . . shall 

:i consist of experience in research, design, devel- 
II opment, and installation of plans, methods, 
11 systems, and controls involved in the following 

: recognized Industrial Engineering activities as 
applied to any function in any enterprise:

1. Selection of processes and assembling 
methods.

il 2. Selection of tools and equipment.
3. Design of facilities, including layout of 

buildings, machines, and equipment, ma
terials handling equipment; raw materials 
and product storage facilities.

4. Design and/or improvement of planning 
and control systems for: Distribution of 
goods and services, production, inventory, 
quality, plant maintenance and engineer
ing, or any other function.

5. Development of cost control systems such 
as budgetary controls, cost analysis, end

;1 standard cost systems.

6. Product development.
7. Develop and install wage incentive systems.
8. Development of performance measures and . 

standards (including work measurement 
and evaluation systems).

9. Job evaluation.
10. Evaluation of reliability and performances.
11. Operations research, including such items os 

mathematical analysis, systems simulation, 
linear programming, and decision theory.

12. Design and installation of data processing 
systems.

13. Office systems, procedures and policies.
14. Organizational planning.
15. Plant location surveys which consider po- •* 

tenliol market for plant, row memorial 
sources, labor supply, financing, and taxes.

(Proposed categories of experience to deter- ;
mine membership qualifications in American -l
Institute of Industrial Engineers.)

NOVEMBER, 1961 5
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J National Research Council of Canada - Technical information Service
Industrial Engineering Section

Summary of Companies Assisted Within Noted Manufacturing Groups
June 1967 - May 1968

All
Group Canada N.S./Nfld. N.B./P.E.I. Oue. Ont. Man. Sask. Alta. B.C.

1. Food 42 1 7 4 7 - 2 9 12
2. Tobacco - - - - - - - - -
3. Rubber 5 - - 1 1 - 2 - 1
4. Leather 8 1 - 4 2 - - - -
5. Textile 8 - - 5 - - 1 1 1
6. Knitting 1 1 - - - - - - -
7. Clothing 14 2 1 7 2 - - 2 1
8. Wood 35 5 2 4 4 - 1 6 14
9. Furniture 16 2 - 6 - - 1 2 6
10. Paper 9 1 1 4 4 - - - -
11. Printing 14 1 - - 3 - 6 1 3
12. Primary Metal 8 - 1 3 2 - 1 - 1
13. Metal Fab. 65 1 8 15 17 - 5 3 17
14. Machinery 21 - 1 6 4 - 4 1 6
15. Transportation 22 3 1 8 1 - 1 4 5
16. Electrical 19 1 - 11 5 - 2 1 -
17. Non-Metallic 17 - 1 9 3 - - 4 -
18. Petroleum - - - - - - - - -
19. Chemical 19 - - 8 2 - - 7 4
20. Miscellaneous 30 - 1 8 7 - 2 6 7
21. Other than 

Manufacturing
109 1 8 9 14 - 24 22 21

Total 462 20 32 112 78 0 52 69 99
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INTERNATIONAL EXCHANGES

(a) Formal agreements with organizations outside Canada.

(i) Since 1959, the National Research Council has had an 

agreement with the Soviet Academy of Sciences providing for the 

exchange of (a) three senior scientists and (b) seven research workers 

each year. A copy of the current agreement is attached ( Attachment 1). 

Also attached is a list of Canadian scientists who have visited the 

U. S. S. R. under the agreement (Attachment 2).

(il) Under the Cultural Agreement between the Government 

of Canada and the Government of France, the National Research Council 

has accepted responsibilities for a programme of exchanges of scientists 

with France. A copy of the agreement is attached (Attachment 3). Also 

attached is a list of Canadian scientists who have visited France under 

the agreement (Attachment 4).

(ill) Under the agreement between the Government of Canada 

and the Government of Brazil, signed August, 1968, the National 

Research Council has agreed to a programme of scientific exchanges 

with the Conselho Nacional de Pesquisas of Brazil. A copy of the agree

ment is attached (Attachment 4).
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(b) International representation and the monitoring of Scientific Activities 
Outside of Canada. 

The National Research Council is the adhering body for 

Canada for a number of international scientific unions and non

governmental organizations ( see attached list) and takes respon

sibility for Canadian representation at meetings of these organizations 

acting on the recommendations of national committees established 

to advise Council on Canadian participation.

The National Research Council makes use of all traditional 

methods of monitoring scientific activities outside of Canada. Through 

the National Science Library the N. R. C. takes responsibility to ensure 

that there is in Canada access to all published scientific and technical 

reports. The N. R. C. provides support for Canadian scientists to 

attend scientific conferences and symposia taking place outside Canada 

and also supports symposia in Canada at which foreign scientists are 

invited to present scientific papers. The N.R.C. also receives through 

scientific liaison offices abroad reports on the scientific activities of 

foreign governments and on developments in the organization and financing 

of research. Finally, representation at various international organizations 

such as O. E. C. D. and Unesco provides an opportunity to observe and to 

compare scientific developments in countries outside Canada.
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(c) Overseas Offices:

From 1945 until early this year the National Research 

Council operated Scientific Liaison Offices abroad as part of its 

responsibility for the promotion of science in Canada. N. R. C. 

officers abroad have had responsibility for scientific liaison on 

behalf not only of the National Research Council, but of all scientific 

organizations in Canada who might have use for their services. The 

N. R. C. officers were accredited to the respective Canadian Missions 

as Scientific Attaches and had responsibility to advise the Head of 

Missions on Scientific matters and to undertake scientific activities 

on his behalf.

In August 1967 the decision was taken that N. R. C. should 

no longer have responsibility for Scientific Attaches at Embassies 

abroad. At the time of this decision N. R. C. had officers at four 

missions: Washington, London, Paris and O. E. C. D. (Paris).

Although N. R. C. ceased to have responsibility for Scientific 

Attaches, an N. R. C. Liaison Office has been maintained in London in 

order to carry out technical liaison on behalf of the scientific and 

engineering divisions of N. R. C.
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Leningrad, 
April 28, 1966

Academician M.V. Keldysh, 
President of the Academy of 

Sciences of the U.S.S.R., 
Moscow.

On the exchange of scientists 
between the National Research 
Council of Canada and the 
U.S.S.R. Academy of Sciences.

Dear Academician Keldysh,

1 have the honour to inform you that the National 
Research Council of Canada accepts the following proposals on 
the continuation of the programme of scientific exchanges 
between the National Research Council of Canada and the 
U.S.S.R. Academy of Sciences. I agree that scientific 
exchanges during two years starting September 1, 1966 be 
implemented in conformity with the principles stated below and 
that the present Agreement be re-examined at the end of the 
two-year period at the wish of one of the two contracting 
Parties or be prolonged by mutual consent of both Parties.

L The National Research Council of Canada and the
U.S„S.R. Academy of Sciences during these two years will 
exchange scientists as follows :

a) Six eminent scientists from each side for a period in each 
case up to one month to give lectures, conduct seminars and to 
become familiar with research and scientific institutions 
engaged in research in various problems of science. The 
sending side will propose the names of lecturers and subjects 
of lectures; if acceptable the receiving side will make all 
necessary arrangements for the visit,

b) Fourteen research workers from each side for periods up
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to nine months for the purpose of conducting research or of 
acquainting the visiting scientist with current research in 
his field in the receiving country. The field of specialisa
tion in which the scientist intends to work will be agreed 
between the two sides in each separate case,

2. The Parties agree to encourage and assist in 
implementing mutually acceptable visits of scientific 
workers, organised by scientific institutions of both 
countries, over and above the visits under item 1. The 
details of such visits, including the choice of fields of 
specialisation, duration of visits and financial conditions, 
will be negotiated directly by the National Research Council 
of Canada and the U.S.S.R. Academy of Sciences.

3. Nominations for visits in accordance with item 1 
will be submitted by the sending side for the consideration of 
the receiving side not later than four months before the 
proposed date of arrival in the host country. In each case 
the sending side will accompany the nomination with the 
essential details of the nominated scientist : field of 
specialisation, short biography, list of scientific publica
tions, outline programme of scientific work (including 
scientific centres and institutions which it is wished to 
visit and specific scientists with whom meetings are desired), 
knowledge of foreign languages and subjects of lectures which 
he might make during his stay in the host country.

The receiving side undertakes to reply to each 
request within three months of receiving it. In accepting a 
visit, the receiving side may make suggestions for changes 
in time or duration cf the visit and in the list of 
institutions to be visited. Having recei/ed consent, the 
sending side, not later than 10 days in advance, will advise 
the receiving side of the date of arrival of the scientist.

4. Financial arrangements for the exchanges under 
item 1 shall be as follows :

a) The sending side will meet the travel expenses of the 
scientist to and from the ma in arrival point, which normally 
will be Ottawa or Moscow.

b) The receiving side will provide living accommodation and 
medical services as well as meet the travel expenses within 
the country when such travel is connected with the object of 
the visit. All the expenses connected with the scientific
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work of the visiting scientist will be defrayed by the 
receiving side.

c) In addition to covering the expenses stipulated in 4b 
above, the receiving side will pay a basic allowance to the 
visiting scientist according to the following per diem 
rates:

Category I (Eminent scientists 
as specified in

$12.00 Canadian

item la): 10.00 Roubles

Category II (Research workers 
as specified in

$ 9.00 Canadian

item lb): 7.50 Roubles

Any additional allowances which may be required shall be 
paid by the sending side.

5. Visas shall be procured through normal
channels. Both sides will take steps to facilitate the 
obtaining of the visas by exchange scientists to enable 
them to arrive in the receiving country at the agreed time. 
All correspondence connected with the implementation of 
scientific exchanges will be conducted directly between the 
National Research Council of Canada and the U.S.S.R. Academy 
of Sciences.

Yours sincerely.

K.F. Tapper,
Vice-President (Scientific) , 
National Research Council of 

Canada ,
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CANADIAN SCIENTISTS WHO HAVE VISITED THE USSR _ j _

UNDER THE NATIONAL RESEARCH COUNCIL AGREEMENT

NAME AFFILIATION DISCIPLINE YEAR

Dr. J.W. Boy es McGill University Genetics 1960

Prof J.M. Ham University of Toronto Electrical Eng. 1960

Prof H.R. Rice University of Toronto Mining Engineeringl960

Dr. W.B. Pearson National Research Council Physics 1960

Prof L.H.J. Shebeski University of Manitoba Plant Science 1960

Dr. C.A. Winkler McGill University Chemistry 1960/61

Dr. J.G. Foulks University of British Columbia Pharmacology 1960/61

Dr. R.T. Coupland University of Saskatchewan Plant Ecology 1961

Dr. J.C. Ritchie University of Manitoba Bo tany 1961
Dr. B. Conway University of Ottawa Chemis try 1961

Dr. G.J. Odgers Dominion Observatory - Victoria Astronomy 1961

Dr. W.E. Sackston Department of Agriculture Plant Pathology 1961
Dr. J.E. Gill McGill University Geo logy 1961
Dr. B.D. Burns McGill University Physio logy 1961

Dr. I. I. Glass University of Toronto Aeronautical Eng. 1961
Dr. G.F. Wright University of Toronto Chemistry 1961/62
Dr. C.S. Beals Dominion Observatory Astronomy 1962
Dr. W.R. Boyle Department of Mines & Technical 

Surveys
Geochemistry 1962

Dr. P.A. Hacquebard Department of Mines & Technical 
Surveys

Palaeontology 1962

Dr. J.D. Keys Department of Mines 6 Technical 
Surveys

Physics 1963

Dr. F.R. Lipsett National Research Council Physics 1963
Dr. W.G. Henry National Research Council Physics 1963
Dr. J.M. Cameron Department of Forestry Pathology 1963
Dr. R.U. Lemieux University of Alberta - Edmonton Chemistry 1963
Dr. R.W. Stewart University of British Columbia Oceanography 1963
Dr. J.L. Bolton Department of Agriculture Forage Crops 1963

Dr. K. Winterton Department of Mines & Technical 
Surveys

Physical
Metallurgy

1963

Dr. J.V. Basmajian Queen's University Anatomy 1963
Dr. L.J. Kamin McMaster University P sychology 1963
Dr. H.E. Welch Department of Agriculture Bio logy 1963
Dr. F.L.M. Pattison University of Western Ontario Chemistry 1963

12
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NAME AFFILIATION DISCIPLINE YEAR

Dr. K. Ronald Fisheries Research Board Parasite logy 1963
Dr. L.G. Berry Queen’s University Geo logy 1964
Dr. P.A. Kondra University of Manitoba Poultry Science 1964
Dr. S.G. Mason Pulp & Paper Research Institute Physical Chemistry 1964
Dr. H. Reeves University of Montreal Physics 1965
Dr. R.E. Bell McGill University Physics 1965
Dr. S.K. Brownstein National Research Council Chemistry 1965
Dr. G.G.E. Scudder University of British Columbia Zoo logy 1965
Dr. W.W. Moorhouse University of Toronto Geo logy 1965
Dr. P.C. Trussell British Columbia Research Council Applied Biology 1965
Dr. J.W.T. Spinks University of Saskatchewan - 

Saskatoon
Chemistry 1965

Dr. W.A. Alexander National Research Council Chemistry 1965/66
Dr. B.K. Bhattacharyya Department of Mines and 

Technical Surveys
Earth Sciences 1965/66

Dr. G.A. Gross Department of Mines and
Technical Surveys

Geology 1966
Dr. D.H. Hall University of Manitoba Geophysics 1966
Dr. I. Halperin Queen's University Mathematics 1966
Dr. G.M. Weaver Department of Agriculture Plant Breeding 1966
Dr. J.K.N. Jones Queen's University Chemistry 1966
Dr. L.A. Lorch University of Alberta - Edmonton Mathematics 1966/67
Dr. S. Pond University of British Columbia Oceanography 1966/67
Dr. W.M. Tupper National Research Council Geo logy 1967
Dr. J.R. Co Ivin National Research Council Bio sciences 1967
Dr. P.K. Anderson University of Calgary Biology 1967
Dr. W.D. Finn University of British Columbia Civil Engineering 1967
Dr. A.D. Booth University of Saskatchewan Engineering 1967
Dr. R.G. Albright University of Toronto Chemistry 1967/68
Dr. C.M. Woodside National Research Council Mechanical

Engineering
1967/68

Dr. M.J. Freeman University of British Columbia Physics 1967/68
Dr. R.J. Rossiter University of Western Ontario Biochemistry 1968
Dr. R.E. Beschel Queen's University Geobotony 1968
Dr. F.L. Curzon University of British Columbia Physics 1968
Dr. J.R. Prescott University of Calgary Physics 1968
Dr. J. Genest Clinical Research Institute 

Montreal
Pathology 1968

/ 3



Science Policy 227

Appendix I 
Attachment 2 

- 3 -

name AFFILIATION DISCIPLINE YEAR

Dr. W.O. Pruitt Memorial University Newfoundland Ecolo gy 1968
Dr. M. Weintraub Department of Agriculture - 

Van co uver
Plant Virology 1968

Dr. G.B. Craig University of Toronto Metal1urgy 1968
Dr. R.J.W. Douglas Department of Energy Mines and 

Resources
Geo logy 1968
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Paris,
January 27, 1967.

SCIENTIFIC EXCHANGES: PROGRAMME ACCEPTED 
IN DISCUSSIONS BETWEEN THE NATIONAL 
RESEARCH COUNCIL DELEGATION AND THE 
DIRECTION GENERALE DES AFFAIRES CULTURELLES 
ET TECHNIQUES DU MINISTERE DES AFFAIRES 
ETRANGERES

The Joint Committee has noted the results of the 
work carried out during the stay in France in January, 1967 
of a Canadian Scientific Delegation which, in accordance with 
the decision mentioned in point IV (5) of the Minutes of the 
Franco-Canadian Cultural Conversations of September 29, 1967, 
went to Paris for detailed discussion of the program of 
scientific exchanges between the two countries.

The Joint Committee approves the program adopted 
during this visit and resolves to include it hereinafter in 
the minutes of the present meeting.

PROGRAM OF SCIENTIFIC EXCHANGES 
FOR 1967

The exchanges pertain to the following scientific 
disciplines: exact and natural sciences (mathematics,
astronomy, geophysics, earth sciences, physics, chemistry, 
biology, oceanography, etc.).
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Complete freedom is afforded to each country 
regarding the nature of the disciplines chosen by the exchange 
specialists.

I - EXCHANGES OF INDIVIDUALS

A) - The exchanges will involve first of all eminent 
scientists, if possible as many as ten a year, who will carry 
out missions lasting two to four weeks. The National 
Research Council of Canada, on the one hand, and LA 
DIRECTION GENERALE DES RELATIONS CULTURELLES, on the other, 
will be responsible for the travel and living expenses of 
their respective nationals.

B) - The exchanges will also involve research workers, if 
possible as many as eight a year, who already have a certain 
amount of experience in research, and are capable of 
executing programs of several months up to one year, with a 
view to pursuing research programs in the universities or 
scientific institutes of the other contracting party. The 
travel expenses of the research worker and his salary shall 
be the responsibility of the country of origin.

II - EXCHANGES OF SCIENTIFIC INFORMATION

The exchange of scientific information at the 
present time is based on the agreements concluded between the 
National Science Library of Canada on the one hand, and the 
CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE and L'ACADEMIE
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DES SCIENCES, on the other.

It is understood that the National Science Library 
of Canada and LE CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE 
are jointly considering what additional arrangements might 
facilitate an increase in the exchanges.

Ill - COLLOQUIA

A) - One or two colloquia will be organized each year in one 
or the other of the two countries. They will be followed by 
visits to laboratories and scientific institutes. The number 
of these colloquia and the choice of subjects will be 
determined on the basis of advice from the French and 
Canadian scientific authorities.

The travelling expenses of the members of each 
delegation will be the responsibility of their country of 
origin.

B) - The two countries are promoting the invitation of a 
certain number of scientists and research workers, as many as 
ten from each side, on the occasion of scientific meetings 
organized in their respective territories. The travelling 
and living expenses are the responsibility of the host 
country.
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IV - CO-OPERATIVE RESEARCH

On approval of the French and Canadian scientific 
authorities, especially when colloquia are being held, the 
possibility and usefulness of a co-operative research in a 
given subject may be examined.

V - DURATION

The 1967 program will be repeated in 1968.

29009—14
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PROGRAM FOR 1967

1. Eminent Scientists for visits up to one month
Dr. R.A. Abramovitch University of 

Saskatchewan
Chemistry

Dr. G.L. Pickard Institute of 
Oceanography, 
University of 
British Columbia

Oceanography

Dr. S.J. Bourget Laval University Soil Science
Dr. L. Dessureaux Department of 

Agriculture
Forage Crops

Dr. M.B. Ives McMaster
University

Metallurgy

Dr. J.K.N. Jones Queen's
University

Chemistry

Dr. I. Takahashi McMaster
University

Biophysics

Dr. W. Opechowski University of 
British Columbia

Physics

Research workers for visits up to one year
Dr. F. Claisse Laval University Metallurgy
Dr. C. Godin University of

Ottawa
Biology

Dr. K.G. Standing University of 
Manitoba

Physics

Dr. B.P. Wisnicki University of 
British Columbia

Architecture

Dr. D.E. Elrick University of
Guelph

Soil Science

Dr. J.A. Mandarine Royal Ontario
Museum, University 
of Toronto

Mineralogy

Dr. G.H. Schmid University of 
Toronto

Chemistry

Dr. G. Talbot Laval University Biochemistry
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3. French Scientists invited to Symposia in Canada -2-

Dr. G. Bessis Second Canadian Symposium on
Quantum Chemistry

Prof. Oudin Canadian Society for Immunology - 
Immunological Aspects of
Polymorph!sm

Prof. J. Chatonnet Thermoregulation
Prof. H. Becart NRC - Thirteenth International

Colloquium on Spectroscopy
Dr. C. Peaud-Lenoel Fourth International Conference 

on Carbohydrate Chemistry
Prof. M. Lelubre Geological Association of Canada - 

Field Conference
Dr. J.J. Breusse Associate Committee on Geodesy and 

Geophysics, Geological Survey of
Canada - Canadian Centennial
Conference on Mining and Groundwater 
Geophysics

29009—141
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PROGRAM FOR 1966

1. Eminent Scientists for visits up to one month
Dr. J.E. Desnoyers University of 

Sherbrooke
Chemistry

Dr. J.W. Hodgins McMaster
University

Chemical
Engineering

Dr. J.B. P. Kennedy University of 
Windsor

Civil
Engineering

Dr. J.G. Paquet Laval University Electrical
Engineering

Dr. H.I. Schiff York University Kinetics
Dr. M.E. Spencer University of 

Alberta
Plant
Biochemistry

Dr. D.T. Suzuki University of 
British Columbia

Genetics

Dr. W.K. Dawson University of 
Alberta

Nuclear Physics

Dr. A. N. Sherbourne University of 
Waterloo

Engineering

Research workers for visits up to one year
Dr. L.P. Blanchard Laval University Chemical

Engineering
Dr. C.M. Boyd Da lhou sie

Univers!ty
Oceanography

Dr. A.D. May University of 
Toronto

Physics

Dr. J.C. Richer University of 
Montreal

Chemistry

Dr. J.P. Val leau University of 
Toronto

Chemistry

Dr. G. A. Woonton McGill University Physics
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Prof. L. Lliboutry

Hr. C.L. Lackme 

Dr. J. Villain 

Dr. G. Biozzi

Prof. H. Benoit

Dr. H. Clerc

Prof. J. Neveu 
Dr. J.P. Burger

Mme C. Vermeil

(Name to be 
submitted later)
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invited to Symposia in Canada
Seminar on the Causes and Mechanics 
of Glacier Surges
International Symposium on Research 
in Cocurrent Gas-Liquid Flow
Banff Summer School on Critical 
Phenomena
NATO Advanced Study Institute on 
Cellular and Genetic Aspects of 
Antibody Formation
International Union of Pure and 
Applied Chemistry - Macromo1 ecu 1ar 
Chemistry Symposium
International Symposium on 
Laboratory Measurements of Aéronomie 
Interest
Séminaire de Mathématiques Supérieure
Advanced Summer School on Super 
Conductivity
Eighth Informal Conference on 
Photochemistry
A.C.F.A.S. Assemblée Generale 
Annuelle
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Ottawa, August 29, 1968.

No. CA 1607 
Excellency:

I have the honour to acknowledge with thanks receipt 
of your Note No. 48 of August 29, 1968, in which you propose 
that our two governments conclude an agreement with the object 
of improving scientific relations between our two countries 
by way of an exchange of notes.

The terms and conditions for the agreement set out in 
your note under reference have met with the complete approval 
of the Canadian Government. I therefore have the honour to 
propose that your note, together with this reply, the text of 
which is equally authentic in English and French, constitute an 
agreement between our two Governments which shall enter into 
force upon the date of this note.

Accept, Excellency, the renewed assurances of my highest 
consideration.

Secretary of State for 
External Affairs.

Her Excellency Dora Alencar de Vasconcellos, 
Ambassador of Brazil,
Ottawa.
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Ottawa, 29 August, 1968.

NO. 48

Sir.
I have the honour to inform you that, further to 

discussions between the National Research Council of Brazil 
and the National Research Council of Canada, the Government 
of Brazil, with the objective of improving scientific 
relations between the two countries, has instructed me to 
propose that our two governments conclude an agreement by 
way of an exchange of notes in the following terms.

The National Research Council of Brazil will place at 
the disposition of the National Research Council of Canada, 
for the upkeep of Canadian scientists in Brazil, a sum in 
cruzeiros, and in turn, the National Research Council of 
Canada will place at the disposition of the National Research 
Council of Brazil, for the upkeep, in Canada, of Brazilian 
scientists, an equal sum in Canadian dollars, both sums 
convertible into United States dollars; and for reference 
puposes all accounts are to be kept in United States currency. 
For the two-year duration of the agreement, each Council 
shall place at the disposition of the other the sum of U.S. 
$20,000 per year. Thereafter, should this agreement be 
renewed, the two Councils shall agree on the sum each is to 
place at the disposition of the other per year.

Each contracting party will pay the expenses of 
transportation of its own scientists to and from the principal 
point of their stay in the other country, and will grant 
fellowships to, or otherwise provide living expenses for, 
the visiting scientists from the other country, such expenses 
being chargeable against the sum of money set aside by each 
of the Research Councils. Travel expenses for visiting 
scientists Within the country visited will be paid by the 
host Council from the same fund.

Although in general visiting scientists will be expected 
to make their own arrangements with the institutions where 
they will carry out their research, each Research Council will 
formally obtain consent of the other for visits of its own 
scientists and will authorize use of the funds under Article 1 
for support of said visits. When desirable the Research 
Councils will assist with arrangements for visits. The visits 
may be of two kinds ;



238 Special Committee

Appendix I 
Attachment 5

(1) Visits of Six months to one year to undertake - 3 - 
research projects in laboratories, or,

(2) Visits of shorter periods of time to attend 
conferences, visit laboratories, conduct seminars 
or give lectures.

For visits under (1), expenses will be paid in the form of 
a fellowship equivalent to those awarded in that country to 
scientists of comparable status. For visits under (2) expenses 
will be paid on the basis of hotel plus per diem living expenses.

If one of the Councils does not within a given year 
utilize the total sum placed at its disposal by the other 
Council, the amount not utilized will be carried forward to the 
next year and will be available in addition to the amount 
otherwise agreed to for that year.

Each Council agrees to take the necessary steps to 
ensure that all publications put out under its auspices for 
general distribution be available to the other Council either 
through exchange or through other arrangements.

This agreement shall be in force for a period of two 
years, and thereafter until terminated by either party giving 
three months 1 notice in writing to the other. At the time of 
termination, the parties will conclude a separate arrangement 
for the disposal of any unexpended funds made available under 
paragraph one for the operation of the agreement.

If the above terms meet with your approval, I have 
the honour to propose that this note, together with your 
reply to that effect, constitute an agreement between our 
two Governments which will enter into force upon the date of 
your reply.

Please accept. Sir, the assurances of my highest 
consideration.

Dora Alencar de Vasconcellos, 
Ambassador of Brazil.
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TYPICAL LIST OF CONFERENCES 
AND

SYMPOSIA SUPPORTED BY GRANTS 
IN ONE YEAR

Item
Location and
No. of Participants Awarded

C.A.P.
Summer School 
"Quantum Optics

U.B.C.
60 participants 
(40 Canadians)

5,000

C.I.C.
Symposium
"Synthesis"

Banff
235 participants

1,500

C.I.C.
Symposium
"Inorganic Reaction 
Mechanisms"

U. of Toronto
8 invited speakers 
approximately
120 participants

750

C.I.C.
Can. Biochem. Soc. 
International Symposium 
on Cell Membranes

Laurentians
100 - 120 
participants

5,000

Canadian Societies 
Phytopathological
Plant Physiologists 
Botanical

U.B.C.
250 participants

630

Meeting of American 
Society of Limnologists 
and Oceanographers

Memorial Univ. 
of Newfoundland

1,500

M.O. Morgan 
Newfoundland

Canadian Association 
of Physicists - 
Theoretical Physics Div
B. Margolis 
McGill

"Nuclear t Particle 
Physics"
McGill
5 invited lecturers 

75 participants
7th School in a 
continuing series

5,000

Cold Physiology Ottawa University 1,800
Conference 60 participants
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Item
Location and
No. of Participants Awarded

D.B. Scott
Computing Science
Alberta
"Time-sharing Session"

Banff 2,000
6 invited speakers

J.F. Heard
David Dunlap Obser.
Univ. of Toronto 
International Symposium 
"The Determination of 
Radial Velocities and 
their application"

Toronto University 4,500
50 participants

"Third International 
Conference on Atomic 
Masses" sponsored by 
I.U.P.A.P.

Manitoba 5,000
80 - 100 participants

Canadian Centennial 
Conference on Mining and 
Ground Water Geophysics: 
(organized by Subcomm. on 
Exploration Geophysics)

Niagara Falls 10,000
Approx. 650 
participants

Department of Mathematics 
Queen's Univ.
Dr. A.J. Coleman

Queen's 3,000
30 - 50 participants (1967 only)
(physicists, chemists, 
mathematicians)

Chemical Institute 
of Canada,
Analytical
Chemistry Div.

Mt. Allison Univ. 1,250
Symposium in 
conjunction with annual
Meeting of Atlantic
Section of C.I.C.
6 invited keynote speakers

Computer Science 
Association 
"Computer Science
Research Seminar"

Toronto 3,000
3 lecturers
100 participants
75 Canadian
25 U.S.

George Setterfield
Biology
Carleton
"6th International 
Conference on Plant 
Growth Substance"

Carleton University 5,000
150 participants (2,500 recoverable

from royalties)
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Location and
No. of Participants Awarded

G. Ucrzbcrg Ottawa
Pure Physics 70 participants
NRC
"International Conference 
on Deformation of 
Crystalline Solids

ACFAS Laval U.
34th Congress 1200 participants

"Second Can. Symposium 
on Quantum Chemistry" 
C. Sandorfy 
M.A. Whitehead

U. of Montreal 
Speakers 
12 European 
20 North American

Fourth Inst. Conf. on Queen's U.
Carbohydrate Chemistry 200 - 250
J.M.N. Jones, Chm. participants
C.T. Bishop, Gen. Secty.

7,500 to Royal 
Society

4,000

7,500

7,000

Int. Conf. on Non-Aqueous McMaster U. 4,500
Solvent Chemistry 
R.J. Gillespie

Canadian Society for Laval U. 2,000
Immunology Minimum of
Didier Dufour 300 participants
Faculty of Medicine

Can. Congress of Applied Laval U. 4,000
Mechanics. 200 participants
I.P.J. Rdmrott

6th Int. Conf. on Toronto 5,000
Cloud Physics 300 - 400

participants
C.I.C. Montreal 500
Meyer-Oakes Manitoba 1,800
June 1966
International Electronics 
Conference (Inst, of 
Electrical t Electronics 
Engineers)

Toronto 3,500
1965 Conference drew 
11,000 visitors 100 
formal technical papers

Canadian Operational Ottawa
Research Society - 9th 150 participants
Annual Conference

Not to exceed 2,000
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Location and
No. of Participants Awarded

Faraday Society 
"Molecular Dynamics of 
Chemical Reation"
(3rd meeting in Canada)

Toronto
200 registrants plus 
graduate students 
and others

6,000

Geological Assoc, of Canada Queen's 
Mineralogical Assoc, of 500 - 1000 participants
Canada. Field Conference 
jointly with AZOPRO and 
Mineralogical Society 
of America at time of 
Annual Meeting.

in annual meeting 
Registration fee $8.00 
Approx. 50 participants 
in field conference at 
a charge of $180.00 each

7,500

L ' Abbé 
Mathematics 
Montreal University 
International Seminar 
on Higher Mathematics

Cold Physiology 
Conference, Alberta 
Cottle, W.H.

Cold Thermogenesis

Ninth International 
Symposium on Free 
Radicals

Thirteenth Radar 
Meteorology Conf.
Department of Physics 
McGill
Stevenson, D.R.

Montreal University 20,000
100 participants 
in 1964

U. of Alberta (1,500
40 participants (

(
U. of Alberta !
40 participants
Banff School of 15,000
Fine Arts
150 participants
(50 from outside
North America)
McGill Univ. 1,600
300 participants
"A review of the 5,000
foundations of the 
theory of magnetism”
Director: A.J. Freeman
MIT Nat. Magnet Lab.;
Lecturers from U.S. and
Great Britain
75 - 100 participants
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TOTALS BY CATEGORY OF PERSONNEL

APRIL 1. 1968

Table 1

Professional :

Scientific Research 607

Post Doctoral Fellows 181

Scientific Services 102

Technicians:

Technical (Laboratory) 721

Technical (Services) 399

Other Supporting Personnel :

General Service Staff 587

Sténos 1 Typists 200

Plant Craftsmen and 
Maintenance Staff 242

Total 3039

(b) Number of Scientific Professional Staff devoting 
most of their time to Administrative duties 

(not including Scientific Services Staff)

Total 16
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(c)
Ph D. (483) Master (165) Bachelor (140)

(i) (TT) (ill) (i) (11) (1«i) (i) (TTT (THT
COUNTRY of of of of of of of of of

Birth Sec'y 
Ed'n

Degree Birth Sec'y 
Ed'n

Degree Birth Sec'y 
Ed'n

Degree

Australia 7 9 7 1 1 1 5 6 6
Austria 4 2 1 2 2 2 1 - -
Belgium 1 1 1 2 2 1 - - -
British Guiana 1 - - - - - - - -
Canada 172 190 131 90 97 83 81 95 98
Ceylon 2 2 - - - - 1 - -
China 4 1 - 1 1 - 1 1 -
Czechoslovakia 15 14 14 1 1 1 1 - -
Denmark 1 - - 1 - - - - -
Egypt 2 2 1 - - - - - -
England 93 88 137 16 14 22 27 26 27
Estonia 1 - - - - - 1 - -
Finland 2 2 1 1 1 1 - - -
France 4 5 4 - - - 1 - -
Germany 10 9 11 4 3 2 2 2 3
Greece 3 3 - - - - 1 1 -
Hong Kong 8 6 - 1 1 - - - -
Hungary 6 6 2 2 2 1 2 - -
India 32 31 24 1 2 1 1 1 -
Indonesia 1 - - 1 i - 1 - -
I rag 1 - - 1 1 - - - -
Ireland 3 2 3 2 2 2 - - -
Israel 1 2 1 - - - - - -
Italy 3 3 2 2 2 2 - - -
Jamaica - - - 1 - - - - -
Japan 20 21 20 1 1 1 1 1 1
Korea 3 4 - - - - - - -
Latvia - - - 1 1 - - - -
Lithuania - - - 1 1 - - - -
Netherlands 8 5 5 6 6 7 1 - -
New Zealand 6 6 3 2 2 1 - - -
Norway - - - - - - 1 1 -
Pakistan 3 3 1 1 - - - - -
Poland 15 10 6 8 7 7 - - -
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(C)
Ph .0. (483) Master (165) Bachelor (140)

m (11) (I'D CD (11)(TTD DT ffTT rmy
COUNTRY of of of of of of of of of

Birth Sec'y Degree Birth Sec'y Degree Birth Sec'v Degree
Ed'n Ed'n Ed'n

Romania 2 1 - - - - - . .

Scotland 17 22 20 3 2 - 5 4 3
South Africa 2 2 2 1 1 1 - -

Sweden 2 3 2 2 3 3 - .

Switzerland 3 3 5 4 4 3 - .

Taiwan 1 2 - 2 2 - . .

Tasmania 1 - - - - - .

Trinidad 2 2 1 - - - .

Tunisia 1 - - - - - _ _

Turkey 1 2 - - - - - . -

U.S.A. 9 10 72 1 1 22 6 2 2
U.S.S.R. 3 2 2 1 - . _

Vietnam 1 1 - - - - - - -

Yugoslavia 6 6 4 1 1 1 - - -

lc) (cont'd)

Table 3

Ph. D. Master Bachelor

(1v) Average number of working 
years since graduation 9.3 12.8 17.2

Average number of years 
at NRC 7.4 9.8 12.7

(v) Average Age 37.7 39.9 41.3

(v1) Percent Bilingual 15* 21* 13*
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(d) TOTALS IN EACH DEGREE CATEGORY
(including Postdoctorate Fellows 
but not including Scientific Services)

Table 4

Ph. 0. Master Bachelor

1962-3 349 144 180

1963-4 342 144 160

1964-5 362 166 150

1965-6 381 170 151

1966-7 427 164 144

1967-8 483 165 140

TURNOVER
(Percent of Scientific Staff 
leaving the organization)

Table 5

Incl. PDF's Not Incl. PDF's

1962-3 16.2* 2.8*

1963-4 19.3* 2.1*

1964-5 14.8* 3.9*

1965-6 16.2* 4.7*

1966-7 15.5* 3.7*

1967-8 17.4* 3.5*
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(f) Table 6

Percent of Scientific Staff
who, since graduation, were:_______Ph. D.______ Master______ Bachelor

(1) Employed by industry
at one time 16.1% 37.6% 39.3%

(11) On the staff of 
universities 33.U 47.9% 36.4%

(iii)Employed by provincial 
dept's or agencies - 3.0% 5.0%

(1v) Employed by other Federal 
agencies 3.1% 7.3% 16.4%

(g) NUMBER OF STftFF IN EACH DEGREE CATEGORY ON EDUCATION LEAVE
1 April 1968

Table 7
Bachelor 0

Master 7

Doctor 0

(hi NUMBER OF UNIVERSITY STUDENTS GIVEN SUMMER EMPLOYMENT

Table 8

1962 131

1963 131

1964 128

1965 122

1966 138

1967 140

1968 121

29009—15
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FORMER SCIENTIFIC AND ENGINEERINQ STAFF 
WHO NOW HOLD SIGNIFICANT POSITIONS

IN OTHER AREAS OF ACTIVITY

The following are designed to be illustrative of 
the number and diversity of areas and activities where N.R.C. 
"Alumni" can be found :

a) Attachment I - There are over 100 former N.R.C.
scientific and engineering staff currently 
employed by Canadian Universities. Examples 
of some of those holding more senior positions 
are listed. There are also approximately 70 
former Postdoctorate Fellows employed in 
Canadian Universities.

b) Attachment II - There are Just under 100 recorded
former N.R.C. scientific and engineering staff 
who we believe are employed In Canadian industry 
at this time. Examples are listed. Approximately 
50 former Postdoctorate Fellowships holders are 
also now to be found employed in Canadian industry.

c) Attachment III - In addition to about 40 Postdoctorate
Fellows now employed with the Federal Government, 
a number of former N.R.C. scientific and 
engineering staff are to be found in other 
Federal Departments and Agencies. Large numbers 
of the existing staff of Atomic Energy of Canada
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Llmlted and the Defence Research Board were 
of course employees of the National Research 
Council before these organizations were separated 
from N.R.C. and set up as separate agencies. 
Examples of former N.R.C. employees In depart
ments other than A.E.C.L. and D.R.B. are listed.

Attachment IV - Of some 110 former N.R.C. scientific 
and engineering staff now employed abroad 
(Including U.S.A.), examples of the geographic 
and occupational variety can be observed from 
the attached examples.

Attachment V - A record was found of some 375 N.R.C. 
Postdoctorate Fellows now employed all over the 
world. A sample of the whereabouts of 24, In 
unedited consecutive alphabetical order, Is 
provided.
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NATIONAL RESEARCH COUNCIL OF CANADA

Former Scientific and Engineering St.x::
Who Now Hold Significant Positions 

in
UNIVERSITIES 

in Canada

No.ofYrs. Yr. Left
Name at N. R. C. N. R. C. Last Known Position or Affiliation

Amberg, C. H. 9 1964 Prof. , Chemistry, Carleton.

Baines, W. D. 8 1959 Prof. , Mech. Eng. , Toronto.

Bayley, S. T. 15 1967 Head, Dept, of Biology,
McMaster.

Bell, R.E. 3 1945 Vice-Dean, Physical Sciences, 
McGill.

Betts, R.H. 7 1952 Prof, and Head, Dept, of Chem. , 
Manitoba.

Blackwood, A. C. 8i 1957 Prof, and Chairman, Dept, of 
Microbiology, Macdonald Coll.

Boulet, M. A. 15 1962 Prof. , Agric. , Laval.

Dacey, J. R. 5 1945 Prof. , Chem. , Royal Military 
College.

Duckworth, H. E. 2 1945 Vice-President (Academic), 
Manitoba.

Fischer, G. 6 1962 Prof. , Physics, Montreal.

Gunning, H. E. 4 1943 Prof, and Head, Dept, of 
Chemistry, Alberta.

Hart, J, 4 1957 Dean of Science, Lakehead.

Heyding, R. D. 8 1962 Prof. , Chemistry, Queen's.

Hodgins, J. W. 5 1945 Dean of Engineering, McMaster.

Johnson, L.P.V. 18 1946 Prof. , Genetics, Alberta.
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Name
No. of Yrs. 
at N. R. C.

Yr. Left 
N. R. C. Last Known Position or Affiliation

Lemieux, R. U. 5 1954 Prof. , Chem. , Alberta, and
Head, R & L Molecular Research 
Lab. , Edmonton.

LeRoy, D. J. 5 1944 Chairman, Dept, of Chemistry, 
Toronto.

Marion, L. 35 1965 Dean of Pure and Applied
Science, Ottawa.

Milsum, J. H. 10 1961 Prof. , Control Engineering, 
McGill.

Perlin, A. S. 12i 1967 E.B. Eddy Chair of Chemistry, 
McGill.

Pidgeon, L. M. 7 1938 Prof. , Metallurgy and Head of 
Department, Toronto.

Rose, D. C. 36 1966 Prof. , Physics, Carleton.

Rosser, F. T. 30 1967 President, Algonquin College.

Setterfield, G. A. 6 1962 Prof, and Chairman, Dept, of 
Biology, Carleton.

Wilson, B.G. 3 1960 Dean of Arts and Science,
Calgary.

Winkler, C. A. 4 1940 Vice -Principal, Planning and 
Development, McGill.
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NATIONAL RESEARCH COUNCIL OF CANADA

Former Scientific and Engineering Staff 
Who Now Hold Significant Positions 

in
INDUSTRY 
in Canada

No. of Yrs. Yr. Left
Name at N.R. C. N.R.C. Last Known Position or Affiliation

Bell, J. W. 8 1945 Vice-President, Research and 
Development, CAE Industries Ltd.

Borth, L. A. 2 1950 Director of Engineering, Litton 
Systems (Canada).

Cox, W.J. 9 1951 Chief Test Engineer,
Massey-Ferguson.

Dilworth, P. 4 1946 President, Dilworth, Secord, 
Meagher and Associates.

Evans, R. S. 5 1956 Director of Research, Columbia 
Cellulose Co. Ltd., Vancouver.

G allay, W. 11 1943 Director of Research,
E. B. Eddy Co.

Gishler, P. E. 19 1955 Director of Research, Canadian 
Chemical Co. , Edmonton.

Grace, Norm. 1 1938 General Manager, Dunlop Res. 
Centre, Toronto.

Green, J. J. 12 1942 Vice-President, Litton Systems 
(Canada)

Hiscocks, R. D. 3 1946 Director, Future Projects and 
Planning, DeHavilland Aircraft 
of Canada.

Kenalty, B. J. 10 1942 President, Kenalty Industries Ltd.

Hewlett, L. E. 37 1968 President, Space Optics, Ottawa.

Mounce, G. R. 4i 1945 Chief Engineer, Electronic 
Associates, Toronto.
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Last Known Position or Affiliation

Nazzer, D. B. 12 1956 Manager, Heavy Water Projects, 
Canadian General Electric Co. , 
Port Hawkesbury, N. S.

Phibbs, M. K. 5 1951 Head of Research, DuPont of 
Canada, Kingston, Ont.

Phillips, N. W.F. 4 1941 Head, Electrometallurgical Div. , 
Aluminum Laboratories Ltd. ,

Manske, R. H. F. 12 1944 Retired Director of Research, 
Uniroyal, Guelph.

Sacks, W. 3 1952 Director of Research,
Allied Chemicals.

Smith, E. 7 1957 Vice-President, Engineering, 
United Aircraft of Canada Limited,

Stephenson, T. E. 14 1956 President, United Aircraft of 
Canada Limited.

Uffen, J.P. 6 1951 Chief Aerodynamicist,
DeHavilland Aircraft (Canada).
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NATIONAL RESEARCH COUNCIL OF CANADA 

Former Scientific and Engineering Staff
Who Now Hold Significant Positions 

in
FEDERAL DEPARTMENTS AND

AGENCIES

No. of Yrs. Yr. Left
at N. R. C. N. R. C. Last Known Position or Affiliation

Anderson, J. A. 9 1939 Director General, Research Br. , 
Canadian Department of 
Agriculture, Ottawa (Retired)

Baxter, D. C. 13 1965 Chief, Applications Division, 
Central Data Processing Service 
Bureau, Ottawa.

Farmilo, C.G. 2 1946 Head, Organic Chemistry and 
Narcotics Section, Food and Drug 
Directorate, Ottawa.

Hochster, R. M. 5 1956 Director, Cell Biology Research 
Inst. , Research Branch, Can.
Dept, of Agriculture, Ottawa.

Hoey, G. 8 1960 Group Leader, Corrosion,
Energy, Mines and Resources.

Hughes, E. O. W. 5 1956 Adviser, Science Secretariat, 
Ottawa.

Laurence, G. C. 23 1955 President, Atomic Energy
Control Board.

Neu, H. 13 1967 Bedford Institute of Oceanography.

Orr, J. L. 15 1955 Industrial Research Adviser, 
Department of Industry.

Petersen, E. R. 7 1967 Senior Analyst, Mathematical 
Programming Division, Operators 
Research Branch, National
Energy Board.



Science Policy 255

Appendix L 
Attachment III 

-2-

Name
No. of Yrs. 
at N. R. C.

Yr. Left 
N.R.C. Last Known Position or Affiliation

Pocock, P. J. 18 1964 Director of Research, Senate 
Special Committee on Science 
Policy.

Prince, A. T. 2 1942 Director, Inland Waters Branch, 
Department of Energy, Mines 
and Resources, Ottawa.

Quarterman, C. D. 13 1954 Chief, Electronics Division, 
Aerospace Branch, Department 
of Industry.

Sims, R. P. A. 5 1954 Director, Food Research Inst. , 
Research Branch, Canadian 
Department of Agriculture, Ottaw

Thomas, J. F. J. 7 1943 A/Chief, Water Quality Division, 
Energy, Mines and Resources.

Wadsworth, J. 9 1968 Treasury Board.

Wright, G. M. 6 1952 Senior Scientist, Geology Div. , 
Energy, Mines and Resources.

29009—16
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NATIONAL RESEARCH COUNCIL OF CANADA

Former Scientific and Engineering Staff 
Who Now Hold Significant Positions 

ABROAD 
(Incl. U.S. A. )

No. ofYrs. Yr. Left
Name at N. R. C. N. R. C. Last Known Position or Affiliation

Barron, T. H. K. ü 1958 Prof., Dept, of Physical and 
Inorganic Chem. , The University, 
Bristol, U. K.

Bauer, H. 4 1956 Group Leader, Kalle A. G~ 
Wiesbaden, W. Germany.

Baxter, R. M. 10 1962 Faculty of Science, University 
College, Ethiopia.

Beveridge, H. N. 4 1945 Vice-President, General Research 
Corp. , Santa Barbara.

Bidwell, R.G.S. 3 1959 Professor and Chairman, Dept, 
of Biology, Case Western Reserve 
University, Cleveland, Ohio.

B rown, A. G. 16 1954 Senior Director, Stanford Research 
Institute, Menlo Park, California.

Br unton, D. C. 4 1945 Manager, Nuclear Radiation Dept. 
Curtis Wright Corp. , N. J.

Charlwood, P.A. 3 1956 Medical Research Council,
Mill Hill, London, England.

Darwent, B. de B. 8 1952 Prof, of Chemistry, Catholic 
University of Washington.

Dugdale, J. S. 14 1965 Prof., Dept, of Physics, Univ. of 
Leeds, England.

Falconer, W. E. 2 1963 Group Leader, Bell Telephone 
Company.

Fenton, S. W. 1 1947 Prof, and Chairman, Dept, of 
Chemistry, Univ. of Minnesota

Happe, W.H. (Jr.) 4 1945 President, Research Enterprises, 
Inc. , Nutley, N. J.
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Name
No. of Yrs. 
at N. R. C.

Yr. Left 
N. R. C. Last Known Position or Affiliation

Harwood, V. D. 3 1952 Forest Research Institute, New 
Zealand Forest Service, Rotorva, 
New Zealand.

Helava, U. V. 12 1965 Head, Research, Ottico Mecannica 
Rome, Italty.

Jarlan, G. 11 1967 Consulting Engineer, Paris,
F rance.

Jone s, D. C. 3 1940 Vice-President, American
Optical Co.

Lama, R. 3 1958 Prof, of Chem. Eng. , Peru.

Lovejoy, D. R. 12 1966 United Nations Development
Prog., New York. Scientist.

Marcon, L. J. 3i 1956 Civil Engineering Construction, 
recently with large firm 
in Africa.

McKay, K. G. 4 1945 Vice-President, American 
Telephone and Telegraph.

Murphy, D. 9 1956 Research and Technology Survey, 
Dept, of Industry and Commerce, 
Dublin.

Papee, H. M. 2 1960 Centre for ACROSO/Nucléation,
N. R. C. of Italy.

Qurashi, M. M. 1 1963 Chief Scientist and Scientific 
Adviser to Ministry of Defence, 
Defence Science Organization,
West Pakistan.

Ritter, G. J. 3 1964 Section Leader, CSIRO, Pretoria, 
S. Africa.

Shu, Ping 7 1956 Senior Research Chemist,
Lederle Labs. Division American 
Cyanamid Co. , Pearl River, N. Y.

29009—161
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Name
No. of Yrs. 
at N. R.C.

Yr. Left 
N. R. C. Last Known Position or Affiliation

Smith, A. W. 2i 1960 Dept, of Public Works, New 
Zealand.

Smith, J. E. 4 1953 International Sales Manager, 
Continental Engines Ltd. , Detroit.

Stanier, R. Y. 2 1944 Head, Dept, of Bacteriology, Univ. 
of California, Berkeley, Calif.

Thorn, J. A. 3—5 2 1953 Manager of Laboratories, Yeast 
Division, Red Star Yeast and 
Products Co., Milwaukee, Wise.

Venkateswarlu, P. 1 1968 Senior Professor, Indian Institute 
of Technology, Kanpur, India.

Whealy, J. E. 3 1945 Assist. Chief Engineer, Oceanics, 
Bendix Corp. , North Hollywood.

White, G. K. 3 1958 Section Head, Division of Physics, 
National Standards Laboratory, 
Chippendale, N. S.W., Australia.
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NATIONAL RESEARCH COUNCIL OF CANADA

Former Postdoctorate Fellows 
Who Now Hold Significant Positions 

ABROAD 
(Incl. U.S. A. )

Name
No. of Yrs. 
at N. R. C.

Yr. Left 
N.R.C. Last Known Position or Affiliation

Augustyniak, J. Z. ii 1963 PI. Warynskicgo 8m8, Poznan, 
Poland.

Ausloos, P. 2 1954 Chemist, Photochemistry and 
Radiation Chemistry, National 
Bureau of Standards, Washington.

Avery, H. E. 3 1966 Lecturer, Liverpool Regional Coll, 
of Technology, Liverpool, England.

Awano, M. 1 1962 Senior Scientist, University of 
Tokyo, Japan.

Balazs, N. 1 1953 Professor of Physics, State Univ. 
of New York, Stony Brook.

Ball, D. H. 2 1958 U.S. Army Labs. , Natick, Mass.

Bandack Yuri, S. 2 1960 Domingo F. Sarmienta 28,
Santiago, Chile.

Barron, T. H. K. 2 1957 Professor, Dept, of Physical and 
Inorganic Chemistry, The Univer
sity, Bristol, U. K.

Bartha, L. ii 1964 University in Debrecen, Hungary.

Basu, S. N. 1 1952 Indian Jute Mills Assoc. Res. Inst. 
Calcutta, India.

Bauer, E. 2 1952 Inst, of Mathematics and Mechanics 
New York University.

Beer, M. 2 1958 Dept, of Biophysics, Johns Hopkins 
University, Baltimore.
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Name
No. of Yrs. 
at N.R.C.

Yr. Left 
N.R.C. Last Known Position or Affiliation

Benton, D. P. 2 1955 Senior Lecturer, University of 
Surrey, England.

Bernard!, G. 2 1959 Institut de Biologie Moléculaire, 
Paris, France.

Boocock, G. 1 1958 Research Officer, Shell Chemical 
Co. , Partington, Manchester, Eng.

Booker, C. J. L. 1 1962 Metallurgy Dept. , Sir John Cass 
College, London, England.

Boring, J. R. 1 1962 Epidemiology Branch, Communi
cable Disease Center, Atlanta, Ga.

Bovey, L. E. H. 2 1952 Staffordshire, England.

Br inton, R. H. 1 1955 Professor, Dept, of Chemistry, 
Univ. of California.

Broniewski, A. 1 1950 Paris, France.

Buob, K.H. 2 1958 Corrosion & Materials Group, 
Reactor Ltd. of Switzerland, Zuricl

Burchill, P. J. M. 2 1966 The University College, Cardiff, 
Wales.

Burley, R.W. 2 1961 C. S. I. R. O. , Division of Food 
Preservation, Australia.

Burma, D. P. 1 1955 Bose Research Institute, Calcutta, 
India.
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NATIONAL RESEARCH COUNCIL OF CANADA 
(excluding the Medical Research Council) 
Regional Pattern of Agency's Spending

1967- 68 (Millions of Dollars)

Region
Research 
Grants & 

Scholarships
Intramural
Operations Capital Total

Atlantic Provinces 3.0 1.3 1.1 5.4
Quebec 9.9 (i) - 9.9
Ontario

Ottawa - Operations
& Capital - 37.2 (ii) 7.2 44.4

Ontario - Grants &
Scholarships 20.8 - - 20.8

Prairie Provinces 8.3 5.3 1.1 14.7
British Columbia 5.9 (i) - 5.9
Outside Canada 1.2 - - 1.2
Unlisted (iii) 1.8 - - 1.8

Totals 50.9 43.8 9.4 104.1

Notes :
(i) Amount less than $50,000.
(ii) Amounts include $23.1 million for salaries spent in, and $14.1 

million for contracts originating from, the National Capital 
area.

(iii) Information as to regional pattern of spending not readily 
obtainable from records.
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Expenditures Associated with Scientific Activities 
(Millions of Dollars)

Expenditures Estimates
62-63 63-64 64-65 65-66 66-67 67-68 68-69

I - Functions
(1) Intramural R & D 24.1 25.5 25.9 30.6 37.4 42.3 45.8
(2) Data Collection .2 .2 .2 .2 .2 .3 .3
(3) Scientific Information 1.9 1.9 2.0 3.3 4.2 4.5 5.0
(4) Testing & Standardization 1.2 1.3 1.3 1.6 1.7 1.9 2.1
(h) Support of R & D

in Industry .5 1.5 2.2 3.3 4.2 5.1 6.1
(6) Support of R & D

in Universities 9.0 10.6 15.2 19.1 30.4 40.7 51.4
(7) Research Scholarships

and Fellowships 1.5 1.9 2.2 3.0 4.3 5.6 8.9

Total 38.4 42.9 49.0 61.2 82.4 100.4 119.6
II - Scientific Discipline
(l) Engineering & Technology 11.2 12.7 14.0 16.4 21.2 25.6
(2) Natural Sciences : (Basic & Applied)

(a) Agricultural .8 .9 1.2 1.6 2.3 2.9
(b) Astronomy 1.1 1.1 1.4 1.5 1.8 2.0
(c) Atmospheric - - .1 .2 .8 1.0
(d) Biological 3.3 3.9 4.8 5.8 8.0 10.3
(e) Chemistry 5.8 6.5 7.4 9.3 12.6 15.6
(f) Mathematics .2 .2 .4 .9 1.8 2.3
(g) Medical .6 .9 1.2 1.3 2.0 2.5
(h) Oceanooraphy .3 .3 .4 .8 1.2 1.5(i) Physics 8.5 9.3 9.8 12.5 17.1 20.4
(j) Solid Earth Sciences 1.8 1.8 2.6 2.8 3.2 4.0

(3) Social Sciences - - - - - -

Sub-Total 33.6 37.6 43.3 53.1 72.0 88.1 103.3
(4) Unclassified (Note 2) 4.8 5.3 5.7 8.1 10.4 12.3 16.3

Total 38.4 42.9 49.0 61.2 82.4 100.4 119.6
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NATIONAL RESEARCH COUNCIL OF CANADA 

(excluding the Medical Research Council) ~ j

Expenditures Associated with Scientific Activities 
(Millions of Dollars)

Expenditures__________________ Estimates
62-63 63-64 64-65 65-66 66-67 67-68 68-69

III - Areas of Application
(1) Nuclear Energy .3 .3 .3 .3 .3 .4
(2) Space Communications - - .1 .2 .9 1.2
(3) Defence 5.2 2.7 2.5 2.2 2.0 2.0(4) Agriculture - .1 - .1 .2 .2
(5) Construction 2.3 2.5 2.5 2.9 2.8 3.4
(6) Transportation 1.6 1.7 2.6 3.3 4.7 5.4
(7) Telecommunications - - - - .7 .6(s) Health .2 .4 .3 .4 .2 .2
(9) Industry 5.4 9.3 10.0 11.2 11.6 13.8

(10) Regional Development 1.7 1.7 1.9 2.1 2.6 2.9
(11) Basic Research - Extramural 8.4 9.7 14.3 18.0 30.2 39.7

- Intramural 8.5 9.2 8.8 12.4 15.8 18.3

Sub-Total 33.6 37.6 43.3 53.1 72.0 88.1 103.3
(12) Unclassified (Note 2) 4.8 5.3 5.7 8.1 10.4 12.3 16.3

Total 38.4 42.9 49.0 61.2 82.4 100.4 119.6

Note 1 - Figures used in tables are cross expenditures and do not reflect separately 
those offset by Revenues, Contributions, and Recoveries.

Note 2 - Expenditures for Data Collection, Scientific Information, Testing &
Standardization, and support for Research Scholarships and Fellowships are not 
classified as to scientific discipline or area of application.
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Operations.
Organizational or
_____Unit_____ Capital

Laboratories

Cap.

Ops. 
Cap.

Cap.

Ops. 
Cap.

Building Research Ops.

Mechanical Engineering Ops.

National Aeronautical
Establishment Ops.

Prairie Regional
Laboratory Ops.

Pure Chemistry (ii) Ops.

Pure Physics (ii)(iii) Ops.

Radiation Biology Ops.
Cap.

Radio & Electrical
Engineering (ill) Ops.

Space Research
Facilities Branch Ops.

Applied Chemistry

Applied Physics

Atlantic Regional 
Laboratory

Biochemistry and
Molecular Biology

Biology

Biosciences

Sub-Total

NATIONAL RESEARCH COUNCIL OF CANADA 

OPERATING AND CAPITAL EXPENDITURES 
(MILLIONS OF DOLLARS)

Expenditures Estimates
62-63 63-64 64-65 66-67 67-68 68-69

1.32 1.36 1.48 1.66 1.79 2.14 2.23
- - .06 .07 .08 .10 .03

1.70 1.66 1.89 2.06 2.33 2.67 3.02
.25 .05 .05 .57 1.75 .67 .33

.47 .53 .63 .71 1.02 1.18 1.31

.02 .02 .12 .07 1.32 1.14 -3L
(ii) .07(ii) .02

(11)
(ii)

1.07 1.05 1.15 1.27 1.43 1.64 1.75
.07 .01 .02 .09 .09 .03 .03

1.97 2.02 2.20 2.24 2.59 2.95 3.27
- - .02 .41 .15 .09 .55

3.24 3.14 3.46 3.64 4.12 4.48 4.81
.15 .19 .22 .64 .22 .18 .22

1.72 1.91 1.95 2.20 2.56 2.89 3.09
.25 .54 .36 .42 1.25 3.79 1.84

.82 .79 .88 .96 1.09 1.15 1.25

.01 - .01 .02 - .36 .02

1.11 1.08 1.14 1.26 1.40 1.61 1.69
.04 .02 .02 .03 .03 .02 .03

1.42 1.55 1.59 1.65 1.97 2.27 2.48
.08 .07 .13 .09 .06 .02 .03

.05 .20 .23 .31 .55
- .06 .42 1.91 .50

3.59 3.63 3.90 4.10 4.48 4.81 5.20
.73 1.27 1.94 1.70 .82 .19 .09

un) 2.66 5.17 6.05 6.59
- (in) .01 .27 .68 .57

18.43 18.69 20.32 24.61 30.18 34.15 37.29
1.60 2.17 2.95 4.18 6.46 9.18 4.57
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Industrial Research 
Assistance & Promotion
(including Technical 
Information Service)

Sub-Total Ops.
Cap.

University Grants 
and Scholarships
Awards Program for 
support of Univer- Ops.
sity Research (v) Cap.

Canadian Journals Ops.
of Research Cap.

International Ops.
Relations (vii) Cap.

Associate Committee 
Secretariat (viii)

Sub-Total Ops.
Cap.

Administration 
and Services
Administration & Ops.

Personnel (vi) Cap.
Plant Engineering Ops.
Services Cap.

Computation Centre Ops.
Cap.

Information Branch Ops.
Cap.

National Science Ops.
Library Cap.

Other (Administrative) Ops.
Planning Service, Cap.
Financial Services 
General Counsel)

Sub-Total Ops.
Cap.

Long-Term Policy 
and Planning

Studies)
Sub-Total Ops.

Cap.

(lv) .51 .60 .73 .84 1.01
- - - .01 - - -

.53 .09 .12 .16 .23 .29 .35

(v) .51 .57 .69 .89 1.09 1.63

. (lv) .26 .30 .32 .37 .37
.01

.53 .60 .95 1.15 1.44 1.75 2.35
" - - - - - .01

1.52 1.60 1.90 1.29 1.51 1.69 1.90
.33 1.91 1.11 .17 .08 .12 .08

1.58 1.75 1.75 2.39 2.63 2.85 3.05
.02 .01 .12 .36 .24 .08 .22

.16 .29 .47 .86 1.30
- .07 1.18 .10 (i) .13
1.29 1.35 (lv)
" .01 -

(lv) .63 .76 .98 1.07 1.17
" - " .01 .03 .07 .13

(vl) .17 .21 .23 .23

4.39 4.70 4.44 4.90 5.80 6.70 7.65
.35 1.93 1.30 1.72 .45 .27 .56

- - - - - (vil) .20
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Executive Offices
(including Information Services)

Sub-Total Ops. 
Cap. -

(vi) .48 .59 .38 .48

TOTAL Ops. 
Cap.

23.35 23.99
1.95 4.10

26.22
4.25

31.74
5.91

38.74
6.91

43.82
9.45

48.98
5.14

Notes
(i) Amounts of less than $5,000 are not shown in this table.
(ii) During 1968-69 two new Divisions were being organized (1) Biochemistry and Molecular

Biology ; (2) Biology) by a rearrangement of the Divisions of Biosciences and R
Radiation Biology and a transfer of parts of the Divisions of Pure Chemistry and 
Pure Physics. Other reorganizations are in prospect.

(ill) Effective 1965-66 the Space Research Facilities Branch took over form the U.S. Government, 
control of the Churchill Research Range, and the expenditures relating to some 
activities of the Divisions of Pure Physics and Radio & Electrical Engineering 
have been consolidated in those for the new Branch.

(iv) Prior to 19614—65 amounts for Technical Information Service, International Relations and N
National Science Library are included with Information Branch under Administration 
and Services.

(v) Prior to 1963-64 amounts for Canadian Journals of Research are included with Awards Program
(vi) Prior to 1965-66 amounts for Administrative Planning Service, Financial Services, General

Counsel and Executive Offices are included with Administration and Personnel.
(vii) Prior to 1968-69 amounts for Economic Studies are included with International Relations, 
(viii) Associate Committee Secretariat provided by Administrative Planning Service staff.
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Appendix M
- 7 -

NATIONAL RESEARCH COUNCIL OF CANADA
Funds expended to further professional 

university education of staff

Year Amount ($000)
1962-63 17.5 *
1963-64 21.8 *
1964-65 39.6 *
1965-66 35.9 *
1966-67 32.2
1967-68 43.3
1968-69 35 Forecast

♦Included is 3% to cover travel costs and tuition fees 
for which summary records are no longer available.
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ORDER OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday 
September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the 
light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the 
Federal Government in the fields of physical, life and human 
sciences;

(c) federal assistance to research and development activities 
carried out by individuals, universities, industry and other groups 
in the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements 
and the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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Extract from the Minutes of the Proceedings of the Senate, Thursday, 
September 19th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the 

Honourable Senator Benidickson, P.C.:
That the name of the Honourable Senator Robichaud be substituted 

for that of the Honourable Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER, 
Clerk of the Senate.



MINUTES OF PROCEEDINGS

Thursday, October 24, 1968.

Pursuant to adjournment and notice the Special Committee on Science 
Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Belisle, 
Bourget, Cameron, Grosart, Hays, Kinnear, Lang, Leonard, MacKenzie, O’Leary 
(Carleton), Robichaud, Thompson and Yuzyk—(15).

Present hut not of the Committee: The Honourable Senators Carter and 
Giguère—(2).

In attendance:
Philip Pocock, Director of Research (Physical Science).

The following witnesses were heard :
DEPARTMENT OF NATIONAL DEFENCE:

Dr. R. J. Uffen, Chairman, Defence Research Board;
Dr. L. J. L’Heureux, Vice-Chairman, Defence Research Board;
J. D. Houlding, Member, Defence Research Board and President of 

R.C.A. Victor Ltd.

(A curriculum vitae of each witness follows these Minutes.)

At 12.45 p.m. the Committee adjourned until 3.30 p.m. this day.

AFTERNOON SITTING

The Committee resumed at 3.30 p.m., the Chairman, Senator Lamon
tagne, presiding.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bour
get, Cameron, Grosart, Hays, Kinnear, Leonard, MacKenzie, O’Leary (Carle- 
ton), Robichaud, Thompson and Yuzyk—(13).

Present but not of the Committee: The Honourable Senator Giguère—(1).

In attendance:
Philip Pocock, Director of Research (Physical Science).

The following witness was heard:

DEPARTMENT OF NATIONAL DEFENCE:

Major-General D. A. G. Waldock, Deputy Chief of Technical Services 
for Engineering of the Canadian Armed Forces.

(A curriculum vitae of the witness follows these Minutes.)
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The witnesses heard at the morning meeting were further questioned.

The following are printed as appendices:
3. Brief submitted by the Department of National Defence regarding 

Defence Research Board Activities.
4. Brief submitted by the Department of National Defence regarding 

Armed Forces Activities.

At 5.25 p.m. the Committee adjourned to the call of the Chairman. 

ATTEST:
Patrick J. Savoie,

Clerk of the Committee.
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CURRICULUM VITAE

Uffen, Dr. Robert James, B.A.Sc., M.A., Ph.D., D.Sc., P.Eng., F.R.S.C., F.G.S.A.
Dr. Uffen was born in Toronto in 1923. He attended primary and secondary 
schools in that City, graduating from Danforth Technical School in 1940. At 
the age of 18, he volunteered for the Canadian Army and served in the Royal 
Canadian Artillery (Radar). He retired after the second world war as a lieu
tenant. Dr. Uffen then attended the University of Toronto and received a 
B.A.Sc. in Engineering Physics in 1949. After a year of post-graduate studies 
at the same University, he obtained the M.A. in Geophysics. Two years later, 
after further post-graduate studies at the University of Western Ontario, he 
obtained a Ph.D. in Physics. Dr. Uffen was the recipient of a number of awards, 
among them, Research Council of Ontario Scholarships during the years 1950- 
52 and a Research Fellowship with the Institute of Geophysics at the University 
of California in 1953. While working towards his Doctorate, Dr. Uffen was a 
lecturer at the University of Western Ontario, and during the period 1953-57 
was Assistant Professor of Physics and Geology. The following year he was 
named Associate Professor of Geophysics, and in 1958 he became Professor and 
Head of the Department of Geophysics. In July, 1960 he was also named Acting 
Head of the Department of Physics and, at the same time, assumed the respon
sibilities of Assistant Principal of the University College of Arts and Science. 
For the next four years he was Principal of University College and in 1965 
was named first Dean of the College of Science. Dr. Uffen has published a num
ber of original scientific papers in such diverse fields as operations research, 
volcanology and evolution. He is a member of the Society of Exploration Geo
physicists; the Association of Professional Engineers, Ontario; the American 
Geophysical Union; the Canadian Association of Physicists; the Geological 
Society of America; the American Institute of Mining, Metallurgical and 
Petroleum Engineers; the Canadian Institute of Mining and Metallurgy, and the 
American Association for the Advancement of Science. He was elected a Fellow 
of the Royal Society of Canada in 1964 and a Fellow of the Geological Society 
of America in 1967. In May, 1967 he was granted the honorary degree of Doctor 
of Science by Queen’s University. Dr. Uffen has represented Canada as a dele
gate at the International Union of Geodesy and Geophysics during meetings 
held in Rome, Toronto, Helsinki and Tokyo and was Chief Delegate for Canada, 
Switzerland, 1967. He was a Canadian delegate to the International Union of 
Geologic Science in New Delhi, 1964. Dr. Uffen has acted also as a consultant 
to exploration and construction companies as well as for the Stanford Research 
Institute on problems of the detection of nuclear explosions. In January, 1966 
he became a member of the newly-established Council of Regents which advises 
the Ontario Government on the setting up of new Colleges of Applied Arts 
and Technology. He is on the Editorial Boards of two scientific journals: Tec- 
tonophysics, and Earth and Planetary Science Letters. In April, 1963, Dr. Uffen 
was named a Member of both the Defence Research Board and the National 
Research Council, and on 1 August, 1966 assumed the full-time appointment of 
Vice Chairman, Defence Research Board. Effective 3 March, 1967 he became 
CHAIRMAN, DEFENCE RESEARCH BOARD and simultaneously a Member 
of Defence Council. Dr. Uffen was married to the former Mary Ruth Paterson 
of Toronto in 1949 and has two children (Joanne and Robert). He was a mem-
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ber of a small exploration team which discovered titanium ore in northern 
Quebec near a small body of water which was later named Lac Uffen. Dr. Uffen 
is an amateur painter. He is a member of the Rideau Club, Ottawa.

L'Heureux, Dr. Léon Joseph, B.A., B.Sc., M.E., D.Eng., Sigma XI. Dr. L. J. L’Heu
reux was born in 1919 in Gravelbourg, Sask. He received his primary education 
there, attended the College Mathieu, and received his Bachelor of Arts from 
the University of Ottawa in 1940. From 1940 to 1944 he studied at the Uni
versity of Saskatchewan and obtained a Bachelor of Engineering in Physics. 
In 1944 Dr. L’Heureux joined the Royal Canadian Corps of Signals and served 
in Kingston, Brockville and Ottawa. During his posting in Ottawa he was 
responsible for technical aspects of the Army north west radio communication 
system. He obtained his release from the Canadian Army in 1947 to join 
the newly formed Defence Research Board. In 1946 Dr. L’Heureux married 
Yvette McKenzie in Ottawa and they now have seven sons and one daughter. 
From 1946 to 1949 Dr. L’Heureux attended the John Hopkins University in 
Baltimore, Md., where in 1948 he received his Master’s Degree in Electrical 
Engineering and in 1949 he was awarded the degree of Doctor of Engineering 
and was made a member of the Sigma XI. In July 1949 Dr. L’Heureux was 
posted to the Canadian Armament Research and Development Establishment 
(CARDE) where he occupied a number of posts. From 1949-to-1952 he was 
Assistant Project Engineer on the Velvet Glove Guided Missile Project. In 
1953 he was promoted to Director of the newly formed Guided Missile Divi
sion and in 1955 was appointed Deputy Director-General. In 1960-61 he 
attended the National Defence College and in 1961 was appointed Scientific 
Adviser to the Chief of the General Staff, Canadian Army. In 1963 Dr. 
L’Heureux was transferred back to CARDE to take up the position of Director- 
General, which he held until 3 March, 1967 when he assumed his present 
appointment of Vice-Chairman, Defence Research Board. Dr. L’Heureux has 
been active in a number of fields, Clubs, etc. His primary form of relaxation 
has been in sports. While attending college he pitched professional baseball 
in the South Saskatchewan league to pay for his education. In recent years 
he has devoted much of his time to the promotion of science. He is presently 
President of “VAssociation Canadienne Française pour l’Avancement des 
Sciences”. (ACFAS).

Moulding, John Draper, B.A. Born: 26 November 1921, London, Ontario. 
Married: Margaret Gordon Thompson 1945—3 children Anne, 1946, David, 
1950, John, 1962. Education: Leamington High School, Ridley College, London 
South Collegiate BA, University of Western Ontario 1943 (Hon. Physics & 
Chemistry). Military Service: Royal Navy (on loan from Canadian Navy) 
1943-1945 Lieutenant (L). Society Memberships 1. Past-President, Electronics 
Industries Association of Canada 1962. 2. Vice-President, Metropolitan Board 
of Directors, YMCA 1967-1968. Employment: 1. Engineering Dept. Canadian 
Westinghouse Co. 1945. 2. Sales Manager Electronics Divisions, Cdn. West. Co. 
1950-51. 3. (On loan) Department of Defence Production 1951-1952. 4. Divi
sion Manager, Electronics Division, Atomic Energy Division 1951-1957. 5. Vice- 
President, Technical Products, RCA Victor Co. Ltd. 1957. 6. Director, RCA
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Victor Co. Ltd. 1958. 7. Vice-President and General Manager, RCA Victor Co. 
Ltd. 1958. 8. President, RCA Victor Co. Ltd. 1960. Clubs: Rideau Club Ottawa, 
Royal Montreal Golf Club, St. James Club, Royal St. Lawrence Yacht Club.

Woldock, Major-General Donald Albert George, C.D.: Major-General D. A. G. 
Waldock was born in Ramsgate, England, on August 30, 1915, and attended 
the University of London where he graduated in science and electrical engineer
ing. Prior to the war he was an installation and maintenance engineer with 
the British Broadcasting Corporation. General Waldock enlisted in the Royal 
Corps of Signals in 1939, was commissioned in 1940, and attained the rank of 
lieutenant-colonel in 1945. His service included tours with the British War 
office and with the British Army staff in Washington, D.C. General Waldock 
joined the Royal Canadian Artillery in 1946 as a major. In October of that year 
he became a technical staff officer in the Directorate of Armament Develop
ment for four years. He then attended the Royal Military College of Science in 
Britain after which he became Deputy Director of Armament Development at 
Army Headquarters in Ottawa. In August, 1952, General Waldock was ap
pointed Commanding Officer of the Canadian Armament Design and Experi
mental Establishment at Valcartier, Quebec, with the additional appointment 
of Deputy Director-General, Canadian Armament Research and Development 
Establishment (CARDE). Early in 1955 he was named Director of Armament 
Development at Army Headquarters. In November, 1955, he was seconded to 
the Defence Research Board as Director-General, CARDE. On May 15, 1959, 
he returned to duty in the joint staff branch at National Defence Headquarters, 
serving as Director of Strategic Studies. In 1961 he was appointed Deputy 
Quartermaster General (Equipment Engineering) and after integration of the 
forces in 1964, became Director-General Engineering (Land). In July, 1966, 
General Waldock was appointed Deputy Chief Engineering in the Technical 
Services Branch at Canadian Forces Headquarters.
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THE SENATE

SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE
Ottawa. Thursday, October 24, 1968.

The Special Committee on Science Policy 
met this day at 10.00 a.m.

Senator Maurice Lamontagne (Chairman) 
in the Chair.

The Chairman: Honourable senators, first 
of all this morning, for the purpose of the 
record, I would like to say that after the 
committee adjourned its public hearing yes
terday afternoon, we were of the opinion that 
we needed additional information from the 
National Research Council. It was decided 
that on behalf of the Committee I would 
write a letter to the President of the National 
Research Council, asking for this additional 
information, and that we would meet again 
with the Council at a later date when this 
information is available.

This morning we have the pleasure of hav
ing with us the Chairman of the Defence 
Research Board, Dr. R. J. Uffen, and his col
leagues Dr. L. J. L’Heureux, Vice-Chairman, 
on my left; Mr. J. D. Houlding, on my far 
right, President of R.C.A. Victor, and on my 
far left, Major-General D. A. G. Waldock, 
who presumably will be the main speaker 
this afternoon, when we hear the brief which 
has been prepared by the Department of Na
tional Defence on the Armed Forces research 
activities.

You already have the biographies of these 
gentlemen, so I will certainly not take time in 
recalling what they have done in life; it is 
public knowledge.

So, without any additional comment, I 
would ask Dr. Uffen to begin his representa
tion.

Dr. R. J. Uffen, Chairman, Defence Re
search Board: Thank you very much.

Mr. Chairman, honourable senators:
1. It is a pleasure to address you today on 

the subject of science and its relation to the

activities of the Department of National De
fence of Canada.

2. My position as Chairman of the Defence 
Research Board makes it appropriate for me 
to be its spokesman and, at the request of the 
Deputy Minister, I have undertaken to submit 
this brief in collaboration with the Canadian 
Armed Forces. Within the Department of Na
tional Defence there are two main agencies 
that are concerned with scientific research 
and development. These are the Defence 
Research Board and the Chief of Technical 
Services Branch of the Armed Forces.

3. Because of the complexities of identify
ing the various aspects of research and devel
opment in these two large organizations, one 
primarily civilian and the other primarily 
military, we have submitted the information 
required by your “Guidelines for Submission 
of Briefs and Participation in Hearings— 
Specific Guidance for Agencies of the Federal 
Government” in two parts: Part I Defence 
Research Board Activities and Part II Armed 
Forces Activities.

4. Our Department is a large one and I, 
myself, have been directly associated with it 
for only two years. I am aware that there are 
aspects of the DND’s scientific history which 
will interest you and are best explained by 
those who have had a longer association with 
defence than I.

5. May I begin by introducing my col
leagues who will assist in making this presen
tation and in answering your questions:

(a) Dr. L. J. L’Heureux, Vice-Chair
man, DRB with more than twenty years’ 
experience in all aspects of defence 
research.

(b) Mr. John Houlding, President of 
RCA Victor and Chairman of the Selec
tion Committee of DRB.

(c) Maj-Gen. D.A.G. Waldock, Deputy 
Chief of Technical Services for Engineer
ing of the Canadian Armed Forces and 
long associated with defence research and 
development.
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6. With your permission, I propose to speak 
for approximately thirty minutes followed by 
Dr. L’Heureux for about fifteen minutes, then 
I will summarize. I understand you would 
like to then have a question period before 
proceeding with a presentation by General 
Waldock this afternoon on the Armed Forces 
Activities.

Evolution of Organizational Policies and 
Principles

7. Immediately following the cessation of 
the II World War in 1945, consideration was 
given to the problems of organizing Govern
ment scientific research in peacetime. In 1939 
the National Research Council had one 
laboratory and a staff of 300; by the end of 
the war it had nearly 2,000 employees work
ing in 21 laboratories, engaged almost entire
ly in military research.

8. The President of the National Research 
Council then, Dr. C. J. Mackenzie, stated that 
in his view both civilian and military 
research were major fields in themselves and 
that each required the full attention of a 
directing staff. He felt that if NRC took on 
the additional responsibility for military 
research either the civilian or military 
aspect of its work would be neglected. He 
also pointed out that in matters of military 
research user knowledge was important and 
could only come from the Forces themselves. 
He urged that the NRC should not be asked 
to continue to carry out military research.

9. Agreement was reached in 1946 that 
defence research should be the function of an 
agency within the Department of National 
Defence and that the effort should be closely 
related to the scientific work of a similar 
nature being done in Britain and the United 
States. The Defence Research Board came 
into being in 1947 and took over direction 
of the majority of military research establish
ments being operated by the Navy, Army 
and Air Force.

Statutory Functions of DRB
10. The statutory functions and powers of 

the Defence Research Board are contained in 
Part III of the National Defence Act as 
amended to 1967, which is reproduced at 
Appendix A of Annex II.

11. Briefly, the functions of the Board are 
“to carry out such duties in connection with 
research relating to the defence of Canada 
and development of or improvements in

material as the Minister of National Defence 
may assign to it, and to advise him on all 
matters relating to scientific, technical and 
other research and development that in its 
opinion may affect national defence”.

12. The Board consists of a Chairman and a 
Vice-Chairman, certain ex officio members, 
and several additional members representa
tive of universities, industry and other 
research interests as the Governor in Council 
appoints.

13. The current membership is as follows:
Chairman — Dr. R. J. Uffen
Vice-Chairman — Dr. L. J. L’Heureux
Ex officio members — Dr. W. G. Schneider, 

—whom you met yesterday—President of the 
National Research Council

— Mr. E. B. Armstrong, Deputy Minister of 
National Defence

— Gen. J. V. Allard, Chief of the Defence 
Staff

— Lt-Gen. F. R. Sharp, Vice-Chief of the 
Defence Staff

— Lt-Gen. L. G. C. Lilley, Chief of Tech
nical Services.

Members by Appointment
Dr. W. G. Bigelow—Associate Professor of 

Surgery, University of Toronto and Senior 
Surgeon, Division of Cardiovascular Surgery, 
Toronto General Hospital.

Dr. H. E. Duckworth—Vice President 
(Academic), University of Manitoba—a 
physicist.

Mr. J. D. Houlding—President and Direc
tor, RCA Victor Co. Ltd.

Mr. G. W. Hunter—Deputy Minister of 
Defence Production.

Dr. H. H. Kerr—Chairman, Ontario Council 
of Regents for Colleges of Applied Arts and 
Technology.

Dr. A. B. Van Cleave—Chairman, Division 
of Natural Science, University of Saskatche
wan.

Prof. Maurice L’Abbé—Vice Rector, Uni
versity of Montreal.

Prof. Napoléon LeBlanc—Vice Rector, 
Laval University.

14. I do not propose at this time to elabo
rate on the duties of the various officers of 
DRB as they are given in Annex I, page II of 
the brief. Nor do I propose to go over all the 
organization charts of our research establish-
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ments. However, I would like to give you a 
brief description of their main activities and 
those of our Headquarters. For this purpose 
the chart entitled: Defence Research Board 
Organization, Appendix II of Annex I (page 
11) may be useful. The Defence Research 
Board at present has 2700 employees of which 
approximately 600 are professionals, i.e. 
graduates of universities or their equivalent. 
The Board has a total budget for 1968-69 of 
$50.8 Million (see Annex VI for details), and 
operates eight separate research establish
ments distributed across the country, and a 
headquarters.

15. The Defence Research Establishment 
Atlantic (Appendix E)

The Defence Research Establishment Atlan
tic (DREA) Dartmouth, N.S. is concerned 
primarily with research related to problems 
of anti-submarine defence in the North Atlan
tic including underwater acoustics, signal 
processing, and transducer research and 
hydrodynamics. In addition, DREA provides 
certain dockyard laboratory services for the 
Canadian Maritime Forces.

16. The Canadian Armament Research and 
Development Establishment (Appendix F)

The Canadian Armament Research and 
Development Establishment (CARDE) Valcar- 
tier, P.Q. is concerned with research in the 
fields of armament, night vision aids and 
detection devices, propellants and explosives, 
aerospace research and weapons systems 
analysis. Its role involves close links with the 
Canadian Armed Forces, and a substantial 
number of Service personnel are attached to 
the Establishment. Its working language is 
French.

17. The Defence Research Analysis Estab
lishment (Appendix G)

The Defence Research Analysis Establish
ment (DRAE), here in Ottawa, of the Defence 
Research Board is also a division of Canadian 
Forces Headquarters and is staffed by both 
Defence Research Board scientists and by 
military officers. Operational research scien
tists, working under the general supervision 
of DRAE, are also located at the headquarters 
of some of our Canadian Forces Commands 
elsewhere.

The work of DRAE includes the analysis of 
strategic problems, investigations of mari
time, land, and tactical air operations and

equipment, analytical studies of North Ameri
can defence questions, and studies of prob
lems concerning the deployment and utiliza
tion of military personnel, programming, and 
logistics. In addition, DRAE plays an active 
role in the planning and analysis of various 
exercises and field trials, and provides certain 
statistical and mathematical services for the 
Canadian Forces.

18. The Defence Chemical, Biological and 
Radiation Establishment (Appendix H)

Activities at the Defence Chemical, Biologi
cal and Radiation Establishment (DCBRE), 
Shirley Bay, Ontario—which is on the out
skirts of Ottawa—consist of research into the 
defensive aspects of biological, chemical and 
nuclear warfare, and investigation of elec
trical power sources (which include batteries, 
fuel cells, thermionic and thermoelectric de
vices but not conventional electrical generat
ing systems).

19. The Defence Research Telecommunica
tions Establishment (Appendix I)

The Defence Research Telecommunications 
Establishment (DRTE) Shirley Bay, Ontario is 
concerned primarily with applied research in 
radio wave propagation, military communica
tions and radar systems, and signal detection. 
In the field of electronics, applied research 
and instrumentation are combined with fun
damental investigations into solid-state phys
ics, and with studies of electronic circuits. 
Radio physics studies deal mainly with the 
physical processes in the upper atmosphere 
that affect radio propagation and radar. The 
Defence Research Board’s satellite program 
has been a special feature of DRTE’s activi
ties in recent years. DRTE is in the process of 
being transferred to the proposed new 
Department of Communications.

20. The Defence Research Establishment 
Toronto (Appendix J)

The research program of the Defence 
Research Establishment Toronto (DRET), at 
Downsview, Ontario is concerned with the 
factors involved in the efficient performance 
of Servicemen in various adverse military 
environments. Broadly speaking, the role of 
DRET is to measure and understand the par
ticular capabilities and limitations of human 
beings which are of special significance to the 
military, and to promote recognition of these 
variables in the design of military equipment
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and the formulation of training and opera
tional procedures.

21. The Defence Research Establishment 
Suffield (Appendix K)

Defence Research Establishment Suffield 
(DRES) at Ralston, Alberta, which is 30 
miles north of Medicine Hat, consists of a 
central laboratory together with a secure test 
area of approximately 1,000 square miles with 
access roads, communications systems, power 
supplies, an airport and a village, The estab
lishment conducts basic and applied research 
on problems concerned with defence against 
biological, chemical, and nuclear warfare. The 
programs of DCBRE at Shirley Bay and 
DRES at Ralston are complementary and 
closely coordinated.

22. The Defence Research Establishment 
Pacific (Appendix L)

The Defence Research Establishment 
Pacific (DREP) Esquimalt, B.C. is primarily 
engaged in research leading to improved 
methods for the detection of submerged sub
marines with special reference to Pacific 
Ocean conditions. The effort is mainly dis
tributed among three fields of physical 
research—underwater acoustics, low-fre
quency electromagnetics, and fluid dynamics. 
It also provides scientific and engineering 
consultative services and assistance to the 
Maritime Forces on the Pacific coast.
Formal Agreements with Foreign Agencies

23. The Defence Research Board is formally 
involved with foreign countries and foreign 
defence science agencies as the designated 
representatives of the DND in some cases and 
as a signatory in others.

(a) —North Atlantic Treaty Organiza
tion (NATO): DRB supports the NATO 
Defence Research Group and its panels, 
the Supreme Headquarters Allied Powers 
Europe (SHAPE) Technical Centre, the 
Supreme Allied Commander Atlantic 
(SACHANT) Anti-Submarine Warfare 
Research Centre and the Advisory Group 
for Aerospace Research and Development 
(AGARD).

(b) —Bipartite Agreements with NATO 
Nations: DRB also has bipartite agree
ments for the exchange of defence science 
information with Norway, the Nether
lands, West Germany, Greece, France 
and Denmark.

(c) —The Technical Cooperation Pro
gram (TTCP): This program is based 
upon an agreement between Canada, the 
United States, Australia and the U.K. to 
collaborate in defence science with the 
aim of improving their combined efficien
cy of these four countries and minimizing 
duplication of effort. It is probably our 
most important international program at 
present.

(d) —The Defence Research Board/
Royal Canadian Air Force/United 
States Air Force (DRB/RCAF/USAF) 
Agreement: This agreement, signed
December 1958, facilitates the exchange 
of defence science information with the 
USAF.

(e) —The Commonwealth Defence 
Science Organization (CDSO). This 
Organization, which was established 
shortly after World War II, is the basis 
for the exchange of defence science infor
mation between the countries of the 
Commonwealth.

(f) —The Canadian Armament Research 
and Development Establishment/Ad
vanced Research Projects Agency (CAR
DE/ARPA) Agreement: This agreement 
covers the collaboration between CARDE 
in Quebec, of DRB and ARPA of the U.S. 
Department of Defence on that part of 
CARDE’s program which is related to 
defence against ballistic missile attack of 
North America.

(g) —The Defence Research Board/Na
tional Aeronautics and Space Administra
tion (DRB/NASA) Agreement: This 
agreement covers the collaboration 
between the Defence Research Telecom
munications Establishment (DRTE) and 
NASA of the U.S. for launching and 
subsequent operation of the Alouette and 
ISIS satellites (International Satellites for 
Ionospheric Studies).

(h) —Initial Defence Communications 
Satellite Project (IDCSP). This agreement 
covers collaboration between DRTE and 
the United States Army under which 
DRTE is permitted to make use of US 
military communications research satel
lites in conjunction with Canadian devel
oped ground equipment for research 
purposes.
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By means of these agreements Canada is able 
to augment its own research in a major way. 
Offices in other Countries

24. Since its inception, the Defence 
Research Board has maintained liaison offices 
in the United Kingdom (London) and the 
U.S.A. (Washington, D.C.). In 1965 the post of 
Defence Research Attaché was created on the 
staff of the Canadian Ambassador to France.

Organizational Functions and Policies
25. I would like now to speak about our 

organizational policies, first of all in relation 
to the Armed Forces. From the scientist’s 
point of view, defence has provided tremen
dous incentives backed by large sums of 
money. Without the requirements of the mili
tary it seems certain that many of the most 
important technical achievements of the last 
twenty years would not yet have been made, 
or would have been delayed. Defence is also, 
however, a very difficult taskmaster and 
those who work for defence departments 
must face changes in requirement and contro- 
tions in policy which are not easy for the 
laboratory trained scientist to accept.

26. Important problems of national defence 
are increasingly of a scientific and technical 
nature. Technological training and experience 
have become increasingly important for 
Armed Forces personnel, particularly for 
those who have responsibility for planning 
and carrying out the development or pur
chases of new equipment. Although the 
Defence Research Board has the nucleus of 
scientists within the Department, it by no 
means contains all the technological talent of 
the Department. The Armed Forces have 
many technologically trained officers and 
civilians in their complement and they make 
many technical decisions.

27. Prior to integration, each Service main
tained technical branches headed by a senior 
officer and interconnected by a complex com
mittee structure. There was, from a purely 
scientific point of view, considerable overlap 
between the three Services, but this was usu
ally justified on the basis that the final 
requirements in terms of equipment differed 
from Service to Service.

28. The division of responsibilities between 
the Defence Research Board on the one hand 
and the Armed Forces technical branches on

the other was never very sharply defined. 
Broadly speaking, the Defence Research Board 
was responsible for basic and applied re
search, the Armed Forces technical branches 
for the development of equipment, and the 
Department of Defence Production for the 
production of the finished article. There have 
been, however, many variations of this ar
rangement, and Major General Waldock will 
deal with this subject at greater length this 
afternoon.

29. The Board also recognizes a number of 
principles which are applicable whenever 
decisions are made on the nature, scope and 
magnitude of its research programs whether 
carried out within the Board’s establishments 
or extramurally in universities and industry. 
The first of these is that its advisory and 
supporting role to the Minister and the Forces 
is its primary and major responsibility; con
tributing to the collective efforts of our allies 
in defence research comes second; and the 
support of university and industrial research 
related to defence comes third. However, 
another important principle is that a proper 
balance between long-term and short-term 
programs must be maintained. It is important 
that the DRB foresee future scientific and 
technological development by keeping 
Canadian defence science in the forefront of 
advances to new knowledge. Its attention 
must therefore not be concentrated entirely 
on current problems, or even on the clearly 
apparent problems of the immediate future.

30. In 1967 policy concerning the operations 
of the Board was critically and thoroughly 
reviewed. The outcome was the adoption of a 
policy of decentralization by which the re
sponsibilities for program implementation 
were transferred from headquarters in 
Ottawa to the establishments, while retaining 
the responsibilities for planning and person
nel and financial management in 
headquarters.

31. These changes were made to accomplish 
several purposes. One was to develop closer 
links between DRB and the Services at both 
the “management” level and the working 
scientist level. Two benefits are expected: our 
scientific support to the Services is being 
strengthened, and conversely the needs of the 
Services are becoming better known at all 
levels within DRB, particularly in the 
laboratories where ideas are generated. In 
other words, we want our scientists to be
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familiar with military problems, attitudes and 
thinking so that they will be defence scientists 
rather than just scientists in a defence estab
lishment. A second purpose was to free 
headquarters from the concerns of daily oper
ations in order to concentrate on policy and 
planning. A third purpose was to ensure 
strong scientific and technological links from 
establishments to universities and to industry. 
Finally, it will provide better career oppor
tunities for our scientists and make more 
effective use of available resources.

32. The importance which we attach to 
close relationship between the DRB and the 
Armed Forces is emphasized by the appoint
ments of senior DRB scientists as scientific 
assistants to both the Vice Chief of the 
Defence Staff and the Chief of Technical Ser
vices. These two scientists have very impor
tant responsibilities in ensuring that the 
scientific and technical interests of the Armed 
Forces are made known to DRB and, con
versely, bringing to the attention of the 
Armed Forces the assistance and advice 
which science can give. We are in the process 
of establishing a third scientific assistant to 
the Chief of Personnel, who will be concerned 
with human problems.

33. Of particular interest is the arrange
ment for handling operational research and 
systems analysis. I would like to dwell on this 
subject for a few moments since I feel that it 
has special importance. The science of opera
tional research grew very rapidly during 
scientists were used to analyze the operation- 
World War II when for the first time trained 
al effectiveness of military forces in the field 
and to devise new strategies and techniques 
which would improve their capabilities. Since 
World War II the complexities and expense 
of military equipment have made it necessary 
to carry out very detailed and careful analysis 
before such systems are developed and con
structed. The type of training needed for 
operational research and for systems analysis 
is similar. Both require a strong mathematical 
and analytical background, an inter-discipli
nary approach all backed up by military 
experience.

34. Within the Department of National 
Defence we have an excellent arrangement 
whereby scientists and military officers com
bine to provide these services. The point I 
would like to make here is that we now need

highly qualified scientists in the development 
of long-term strategy. In such areas as per
sonnel selection and training, the demand for 
social scientists is increasing and the DRB is 
now concerned with research fields in which 
it has hitherto not been involved.

35. As Chairman of the DRB I am a mem
ber of Defence Council, the senior decision
making body of the Department and can 
arrange for a scientific input to matters which 
are dealt with by this Council. The Chief of 
the Defence Staff holds regular meetings to 
discuss planning or operations of the Armed 
Forces and the Vice-Chairman, DRB or 
myself attend these meetings. The develop
ment of equipment for the Armed Forces is 
the responsibility of the Chief of Technical 
Services. He receives guidance from a senior 
group, the Development and Associated 
Research Policy Group (DARPG). The DRB 
member of this group is my Deputy Chair
man (Scientific). DRB is thus able to arrange 
that certain development projects be under
taken in its establishments and to assist the 
CTS with both the technical aspects and man
agement of those projects carried out by 
Canadian industry.

Organizational Functions and Policies in Rela
tion to Other Federal Agencies

36. DRB has certain responsibilities vis-a- 
vis other organizations of which the most 
important are the NRC, the DOI, the DDP, 
the DEMR, and the DOT. These are out
lined in Annex II, pages 4, 5 and 6, so I 
will not dwell on them now. You may per
haps be more interested in our relations with 
industry and with universities. I shall be re
ferring to industrial research contracts and 
also to grants for industrial research. In the 
former case we get done what we want done: 
in the latter case we support what they want 
to do.

Organizational Functions and Policies in Rela
tion to Industry

37. ,The Board’s policy with respect to 
industry is one of collaboration and assistance 
whenever possible. Liaison with industry is 
maintained at all levels from the Board itself 
down to the scientists at the laboratory bench. 
The Board’s esabtlishments undertake part of 
their work by means of research contracts 
with industrial research laboratories. In the 
period 1962/63 to 1967/68 DRB has spent
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$20.4 millions on research contracts with 
industrial firms. This does not include the 
Electronic Components Research and Devel
opment program, administered by DRB, and 
funded jointly by DRB and the Canadian 
Forces which has involved the spending of 
$11.5 million on research and development 
contracts in the same period.

38. The following table of expenditures for 
research in support of intramural programs 
gives the dollar value of the contracts in 
industry, universities and other Government 
agencies—

Gov’t
Industry Universities Agencies

1963- 64 . . 1,200,000
1964- 65 . . 3,371,000
1965- 66 . . 3,994,000
1966- 67 . . 4,993,000
1967- 68 . . 4,238,000

400,000 160,000
447,000 168,000
368,000 180,000
417,000 180,000
642,000 198,000

You can see it has increased by a factor of 
in industry since 1963.

4

39. Defence Industrial Research Program. I 
would like to emphasize the distinction we 
make between contracts and grants. Grants 
are awarded to promote and strengthen the 
research capability of Canadian industry in 
defence technologies. Assistance is available 
through the D.I.R. to enable firms to establish 
new research programs or to expand existing 
research activities. The goal is to improve 
both the quality and quantity of applied 
research in Canadian defence industry so as to 
enhance its ability to meet the needs of the 
Canadian Armed Forces competitively and to 
participate in the development and supplying 
of equipment with our allies.

40. Projects submitted to DRB for appraisal 
are initiated by Canadian companies and are 
not necessarily related to the DRB intramural 
program.

41. The Advisory Committee on Defence 
Industrial Research (ACDIR) which examines 
and makes recommendations regarding such 
company proposals, is an interdepartmental 
committee composed of representatives from 
the Defence Research Board, National 
Research Council, Department of Industry, 
and Department of Energy, Mines and 
Resources. Once the research stage is com
pleted, it is possible to advance a program into 
the development stage through various assist
ance programs of the Department of Indust-
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ry. Proposals having minimal defence interest 
can be referred to the National Research 
Council for consideration under their Indus
trial Research Assistance Program. By this 
means, duplication of support of research 
programs in similar fields of endeavour by 
separate Federal agencies is avoided. Details 
of the D.I.R. program are given in Appendix 
B of Annex VII and in Table II of Annex IX.

Organizational Functions and Policy 
in Relation to Universities

42. Let me now refer briefly to the Uni
versity Grants Program. The awarding of 
grants to members of university staffs has 
three objectives. The first is to acquire new 
scientific knowledge that may prove applicable 
to the solution of defence problems; the second 
is to develop and support in the scientific 
community as a whole, an interest in defence 
science that will be valuable in the long run; 
the third is to assist in staffing the various 
establishments of the Board with promising 
young scientists. The main criteria used in 
judging grant applications are the scientific 
quality of the proposed work and its rele
vance to defence interests; it need not be 
related to the intramural program of the 
Board.

43. The details of how grant applications 
are processed are given in Appendix A of 
Annex VII and the lists of projects and 
expenditures are given in Table I of Annex 
IX. There are no secret projects carried out 
in universities under our University Grants 
Program.

Personnel Policies
44. I do not propose to elaborate on our 

personnel policies except to draw your atten
tion to the fact that since its inception the 
Defence Research Board has been independ
ent of the Civil Service Commission (now the 
Public Service Commission) and has devel
oped its own personnel policies suited to the 
needs of a research organization. More recent
ly the Board was given separate employer 
status under the Public Service Staff Rela
tions Act 1967. In practical terms the DRB 
has the same responsibilities for employment 
and staffing as the Public Service Commis
sion, the responsibilities for personnel 
administration exercised by the Treasury 
Board for the Public Service generally, and 
for the appropriate machinery for collective 
bargaining. The DRB exercises the responsi-
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bility for collective bargaining through the 
activities of two committees—the Bargaining 
Policy Committee and the Bargaining Com
mittee in consultation with the Treasury 
Board staff.

45. Mr. Houlding is available to answer 
your questions concerning the Selection Com
mittee of DRB which exercises the responsi
bility for approving applications for employ
ment and recommendations for promotion.

46. DRB has been able to attract first-class 
scientists and engineers because of first-class 
working conditions, personnel policies and 
equipment, and exciting projects in the fore
front of scientific research. Of the profession
al staff, 34 per cent have Masters degrees and 
26 per cent have Doctorates. Twenty-four 
per cent have had industrial experience; 
26 per cent received part of their education 
abroad, and 16 per cent are in primarily 
executive or administrative positions. Approxi
mately 22 per cent are effective in both 
our official languages. The turn-over rate 
is average, approximately 8 per cent per 
year, and the “average professional” has been 
with DRB for 13 years and is 44 years of age. 
I would like to draw your attention to an 
error I made in the submission, Part I, page 
ix, line 5. I will have the correction made. It 
says 5 per cent but it is actually 8 per cent or 
close to it.

47. The average age of 44 years is high for 
a research organization and there is a tenden
cy for the staff to become concerned with the 
problems of maturity, i.e., concern for job 
security, promotion, status and pension plans. 
Under present restrictions this average age is 
likely to increase which is an unhealthy trend 
for a research organization. There are a limit
ed number of senior executive positions and 
older men who fail to occupy such positions 
sometimes become discouraged. It is unlikely 
that a Canadian scientist under 40 years of 
age will have had military experience, so 
there is a probability that problems of nation
al defence will be unknown to or disregarded 
by the oncoming generation of young 
scientists unless they spend a part of their 
career in a defence research establishment.

48. I would now like to ask Dr. L’Heureux 
to tell you something about the distribution of 
our activities regionally; how DRB relates its 
programs to the needs of our users—the 
Canadian Armed Forces, and perhaps a little

more about the nature of our intramural 
programs.

[Translation]
Dr. L. J. L'Heureux (Vice-Chairman, 

Defence Research Board): Mr. Chairman, 
Honourable Senators:

49. Our Chairman’s brief which you have 
just heard touched only briefly on three of 
the important aspects or functions of our 
organization, namely the relation of the 
research projects to military operations, the 
research programme itself and, finally, the 
geographical distribution of our activities.

50. First, let us consider the relation of the 
research projects to military operations. The 
purpose of the Board, as its name implies, 
lies mainly in its capacity to answer within 
the limits of its resources what could be 
called the operational imperatives of the 
Armed Forces of Canada. What are these 
operational imperatives? They can be 
expressed, I believe, very clearly in the five 
following functions necessary to any military 
force:

(a) active combat and defence,
(b) civil defence,
(c) command and control,
(d) logistics,
(e) personnel.

51. From these five basic functions, it is 
easy to enumerate for each one the following 
secondary activities involved:

—for active combat and defence, fire power 
and tactical mobility,

—for civil defence, defence works, conceal
ment and deceit, as well as obstacles,

—for command and control, observation, 
scouting, navigation, communications and 
data processing,

—for logistics, distribution, movement, 
maintenance and repair of equipment, 
movement of personnel and auxiliary 
medical personnel, protection against the 
environment, prevention and limitation 
of damages,

—finally, for personnel, how to use it, 
direct it and assess its human perform
ance.

52. To each of these activities, obviously, 
are associated either equipment needs (arms, 
vehicles, mines, explosives, etc.), or offensive
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or defensive elements (vulnerability, the art 
of camouflage, tactics), which require scien
tific research. It is also obvious, if you consult 
the detailed table, that the scientific research 
necessary to carry out operational impera
tives involves a great many subjects. A sum
mary of these subjects is given in Appendix 
IX of our report which contains a list of the 
research projects supported by the Board in 
its own laboratories or in universities and 
industry.

53. Now that the necessity of scientific 
research for defence is established, let us con
sider how our organization performs its task 
of supplying this requirement, which is why 
it exists. Our activities are concentrated into 
three main programmes, i.e. the internal pro
gramme of the Board involving activities in 
the eight laboratories it operates, and the res
pective programmes of research subsidies to 
university or industry.

54. The priority established for research 
projects depends, in the first place, on the 
immediate and actual needs of the armed 
forces, needs which will vary according to the 
precise role assigned to these armed forces in 
our present world. In addition, the work pro
jected must always reflect the criterion of 
scientific excellence.

55. However, as Canada is not a superpow
er, resources allocated to scientific research 
are limited. Therefore, we will not undertake 
any major project. We must also add that the 
selection of certain projects is influenced by 
the agreements signed by Canada in the field 
of defence with its allies, eepecially the Unit
ed States, England and the NATO countries. 
These projects, however, have a Canadian 
accent in the sense that they concern an 
aspect of research which is particularly useful 
to our country. Sometimes, certain projects 
are carried out here because our country, 
either because of its geographical location, or 
because of the very high skills at its disposal, 
is in a better position to put them into effect. 
Finally these projects, useful to our allies, 
open the door to a reciprocal exchange of 
information with the countries concerned, an 
exchange which can only help our own 
projects.

56. Moreover, this method of relating spe
cific projects to operational imperatives is 
presently at the experimental stage; when its 
structure is completed, it will then become
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possible to evaluate quantitatively as well as 
qualitatively the respective value of the 
research projects which are all aimed at the 
improvement and the maintenance of the 
operational capacity of the Canadian Forces. 
This method also shows implicitly that tech
nology constitutes an essential link between 
scientific research and military operations.

[Text]

Projects
57. Up to this point, I have discussed the 

criteria which influence the Board's decisions 
in planning its activities whether intramural 
or extramural. It is now appropriate to des
cribe the research program briefly. A detailed 
list of the projects associated with the 
intramural, university and industrial pro
grams is presented in Annex IX of the DRB 
report to the Committee.

58. I will not attempt here to go into a 
detailed review of these projects. I tvill only 
consider the relative size of the various pro
grams funded by the Defence Research 
Board. The following schematic shows the 
distribution of funds for 1967-1968.

Gentlemen, you have this schematic in 
front of you.

(See page 278—Table 1)

59. over 70% of these funds are spent 
intramurally in fields of particular impor
tance to the military, namely, weapons and 
armaments, maritime research, telecommuni
cations and nuclear, biological and chemical 
defence. The intramural program is carried 
out in the eight establishments operated by 
the Board. The table also shows that a far 
from négligeable part of the funds—over 25 
per cent—goes to our extramural programs of 
research grants and contracts to universities 
and industry. In terms of funds committed to 
these two programs, the amounts for 1967- 
1968 are 2.9 millions for the university grants 
program and 4.5 millions for the industrial 
research program.

You will note also 7 per cent which is three 
and a half million for the satellite program. 
These two programs differ in their immediate 
objectives in that the university grants pro
gram is concerned primarily with basic 
research while the industrial program leans 
more toward applied or hardware oriented 
research. The method of funding these 
programs reflects this situation: the research 
projects given to universities are entirely
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funded by the board while the research 
grants to industry only covers part of the cost 
involved as some of the end products of this 
research may bring some commercial benefit 
to the company concerned.

60. As I have already related the Board’s 
activities to the operational requirements of 
the armed forces, it is appropriate here to 
consider the allocation of the Board’s financial 
and human resources between the five mili
tary functions I mentioned previously. Table 
2 gives these figures for 1967-1968.

TABLE 2

Combat and Active 
Defence ...............

Funds
(millions)

7.3

Strength
(Staffing)

539
Passive Defence ... 0.937 89
Command and Con

trol ....................... 14.429 1029
Logistics ................... 1.534 116
Manpower ............... 2.077 181

[Translation]
61. I now want to deal with the geograph

ical distribution of our activities, especially 
with regard to the money we are spending in 
the various areas of the country. As you 
already know, the Council operates eight 
laboratories located geographically as follows:

—Defence Research Centre—Pacific,
—Defence Research Centre—Suffield, in 

Alberta
—Defence Research Centre—Toronto,
—Defence Chemical, Biological and Radia

tion Centre—Ottawa,
—Defence Research Telecommunications 

Centre—Ottawa,
—Defence Analysis Centre—Ottawa,
—Canadian Armament Research and Deve

lopment Centre—Valcartier, near Quebec 
City,

—Defence Research Centre—Atlantic.

62. If we consider the geographical distri
bution under the heading of money spent 
annually in each region, we must add to the 
amounts allocated to internal expenses the 
money used to pay the costs of the pro
grammes of grants and contracts to universi
ties and industry.

63. The table attached to my brief shows 
the amounts spent by the Board in each prov
ince of Canada for the fiscal years 1963-1964 
to 1967-1968 inclusive.

You see, in the table, gentlemen, the break
down of expenses, by regions, in thousands of 
dollars, from the year 1963 to the year 1968, 
and the expenses in our laboratories, in 
industry and in universities. Each province is 
represented, except Prince Edward Island.

The distribution in each province and in 
the three programmes considered can seem 
very uneven. This unevenness is explained, 
however, if we consider the three pro
grammes of the Board in relation to the cri
teria governing the selection of the projects, 
that is the scientific excellence of the idea 
and its contribution to fill an existing need of 
the armed forces. The disparity shown by the 
table is then justifiable in the sence that cer
tain regions, stronger economically, have a 
greater number of more important companies 
or universities which consequently operate 
research facilities that do not exist in the less 
favoured regions of Canada. However, the 
Board observes constantly all the Canadian 
research organizations—universities, compa
nies or government—in order to identify the 
human skills or the research facilities which 
could contribute to the carrying out of its 
duties.

If we consider the table in detail, a few 
explanations are needed. The provinces of 
Saskatchewan and Manitoba have received 
funds allocated to internal research during 
certain years. This is explained by the fact 
that the Board operated laboratories in these 
provinces until very recently. More precisely, 
the Board operated until 1967 the radar 
laboratory in Prince Albert, still the Board’s 
responsibility, but whose activities are pres
ently suspended. Similarly, the station at 
Churchill, Manitoba, operated and financed 
by the Defence Research Board until 1966, is 
now under the jurisdiction of the National 
Research Council. Finally, it could seem to 
you that Ontario, on the whole, appears more 
favoured than the other provinces of Canada. 
This is explained in part by the fact that the 
headquarters of the Board are located in this 
province and that they control funds shown 
in the table, which however are spent in 
other provinces of Canada. I mention, as an 
example, funds allocated to construction, 
which are obviously spent in the province 
concerned, but which are supplied directly by 
the headquarters of the Board.



DISTRIBUTION OF EXPENSES BY REGION 
$’000

B.C. Alta. Sask. Man. Ont. Que. N.B. N.S. Nfld. Total

1963-64—Internai................................. 1,051 3,152 443 262 13,430 7,778 2,192
Industry ............................ 36 100 — 1,698 1,533 25
University........................... 189 90 126 64 892 458 7 67

Total........................ 1,276 3,342 569 326 16,020 9,769 7 2,284 33,593

1964-65—Internal................................. 1,079 3,219 303 222 13,947 7,708 2,027
Industry............................... 114 21 2,666 3,593 21
University........................... 177 72 87 68 835 530 20 73

Total........................ 1,256 3,405 390 311 17,448 10,831 20 2,121 35,782

1965-66—Internal................................. 1,253 3,751 379 55 14,945 8,463 2,447
Industry............................... 34 417 7 3,540 4,269 16
University........................... 205 71 115 49 949 555 24 87

Total........................ 1,492 4,239 494 111 19,434 13,287 24 2,550 41,631

1966-67—Internal................................. 1,540 4,142 395 14,751 9,306 2,582
Industry............................... 544 4 2,989 5,478 —
University........................... 277 77 121 63 1,170 608 38 104

Total........................ 1,817 4,763 516 67 18,910 15,392 38 2,686 44,189

1967-68—Internal................................. 2,145 4,198 125 16,464 9,666 3,257
Industry............................... 318 415 1 2,764 4,803 —
University........................... 3,701 213 129 96 1,291 681 32 58 5

Total........................ 6,164 4,826 254 97 20,519 15,150 32 3,315 5 50,362

GRAND TOTAL 12,005 20,575 2,223 912 92,331 64,429 121 12,956 5 205,557
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Mr. Chairman, Dr. Uffen will now continue 
with our brief.

[Text]
Dr. Uffen: Mr. Chairman, I would like to 

conclude with a brief summary.
(a) DRB has played a very large role in 

Canada’s scientific activities. In the early 
days it was the major supporter of medi
cal research. From 1962-67 DRB spon
sored approximately 500 university proj
ects costing $13,100,000. No secret work is 
sponsored under this University Grants 
Program.

(b) Because of the creation of new 
scientific agencies such as the Medical 
Research Council, the Science Council, 
the Science Secretariat, the Department 
of Industry, Atomic Energy of Canada, 
etc, and the rapid growth of civilian 
industrial research, the relative impact of 
DRB's activities is decreasing.

(c) DRB has played the leading role in 
research satellite development in Canada 
and has made it possible for Canada to 
undertake to develop its own civilian 
satellite communications system.

(d) Research projects sponsored by 
DRB has given rise to Canadian produc
tion orders close to $200,000,000, a large 
proportion of which has been export 
trade. From 1962-67 the Defence Industri
al Research program sponsored 166 proj
ects with DIR funding of $28,300,000 and 
equal amount from industry. Several new 
industrial operations have arisen from 
DRB’s programs and support.

(e) DRB has just completed a reorgani
zation. Through the introduction of pro
gram budgeting; emphasis on planning, 
operations research and analysis; and the 
creation of the posts of Scientific Assis
tants to the senior military officers, DRB 
is better able to adjust to the needs of 
the unified Canadian Armed Forces, and 
changing defence and foreign policies.

(f) The separation of the responsibility 
for research and preliminary develop
ment (DBR) from that for development 
(CTS Branch of the Armed Forces, and 
DOI) and procurement <DDP) presents 
some problems. This division of responsi
bility for defence R and D between four 
agencies in three Government depart

ments has been unusual in the Western 
Alliance.

(g) The Chairman, DRB, advised by 
the members of the Defence Research 
Board and supported by the activities of 
the advisory panels and permanent staff 
of its headquarters, its research establish
ments and its liaison network, provides 
a necessary civilian scientific contribution 
to the deliberations of the Defence 
Council.

I would conclude with three recommenda
tions:

(a) Increased salaries and soaring 
equipment costs within a fixed or declin
ing budget would reduce the number and 
extent of projects. Sooner or later it will 
be necessary to either increase the funds 
available or close some research estab
lishments. The local economic and social 
implications of staff lay-offs and labora
tory closures must be anticipated. Con
sideration should be given to the 
possibility of “forced attrition” by intro
ducing incentives for early retirement or 
transfers to other agencies.

(b) It would be desirable to improve 
the “portability” of pension plans with 
industry and universities.

(c) Sudden major changes in Govern
ment policy and funds should take into 
account the lead time required to make 
corresponding changes in research pro
grams. No major changes in DRB’s roles 
and abjectives are being planned but 
may arise, nevertheless, as a result of 
major changes in policies regarding 
science or defence.

The Chairman: Thank you very much. We 
will now adjourn for coffee, and come back in 
about 15 minutes.

(A short recess.)
Upon resuming.

The Chairman: Shall we proceed? Senator 
MacKenzie?

Senator MacKenzie: Mr. Chairman, Dr. 
Uffen and your colleagues: I have listened 
with a great deal of interest to the presenta
tion you have made to us this morning, and I 
am much impressed by the variety and the 
extent of the importance of the work done by 
the Defence Research Board and its various 
branches and agencies.
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Reading through some of the literature that 
was loaned me by members of our staff, par
ticularly that relating to the reports of the 
Select Committee on Science and Technology 
in the United Kingdom, I was surprised at 
the amount of money spent in that country on 
research in this and other fields and at, in 
their view, apparently, the rather limited 
production resulting from it in terms of the 
output of marketable products and the like. 
This is back of my mind with respect to the 
first question I would like to ask.

We are allies of, and in special relation
ships with, the United States, Great Brit
ain and other of the NATO countries, but in 
particular these two countries. We do know 
that both these countries are spending very 
large sums on military research development, 
weaponry and the like; whereas we do know 
that our possibilities in this field are not 
equal to, and should not and could not be 
equal to, those of the United States, in 
particular.

So, the first question I would like to ask is 
whether our research efforts are directed to 
specialized programs that are rather peculiar 
to Canada or in which Canada can make, 
because of its circumstances—its geography, 
its location—a special contribution.

Allied with that is the question of whether 
the research being done or to be done by the 
various nations, and particularly the two I 
have mentioned, is shared, as it were, in the 
sense that we might be responsible for 
research and development in certain rather 
limited fields, and Britain and certain others, 
and the United States and certain others, 
Germany, France, and so on, so we would get 
the maximum research rather than playing 
the field.

This is the first of the questions, and I 
would prefer it if they could be answered in 
sequence, if that is in order.

Dr. Uffen: We are a small nation. We have 
limited amounts of money. I think it is nation
al policy not to get in a military-industrial 
complex of the type that has developed in the 
United States. Also, we have to be very selec
tive in what we undertake, and we do try to 
do just what you suggested. That is, to work 
in areas which are peculiarly suitable by 
reason of geographic or other factors, which 
give us a natural head start as, for example, 
the study of the Aurora. As most of us know, 
it is centred over Northern Canada and not

over the North Pole. This affects radio com
munications, radar and a number of things of 
crucial importance to Canada and to our 
allies, so for quite some time we have been 
active and quite good, we believe, and highly 
regarded by our allies in that particular area.

We have certain natural advantages in 
studying conditions in the Arctic—snow and 
ice problems—so we have a small but first- 
class group of people, highly respected, both 
in the civilian and military world, in 
glaciology.

We have certain peculiar facilities in some 
of our laboratories. At CARDE, at Valcartier, 
we have some hypersonic ranges which have 
not been duplicated elsewhere.

At Suffield, Ralston, we have approxi
mately 1,000 square miles of land used for 
test and evaluation purposes, without danger 
to the public.

We undertake programs, in consultation 
with our allies, and if you will recall I men
tioned the TTCP as being perhaps the most 
important one right now. That is Britain, the 
United States, Australia and Canada. There is 
a whole network of technical committees—I 
would guess, perhaps two dozen of them— 
which meet regularly. A Canadian might be 
chairman of one or other of them in which 
we have special competence; or if we do not 
possess special competence, we will have a 
member on these committees, and they gener
ate the projects and recommend which coun
try is the best one to undertake a specific one. 
When these are generated they go through a 
long process of evaluation before they actual
ly get funded and implemented.

There is a real danger that we can spread 
ourselves too thin. However, I take the view 
that one of my unwritten responsibilities is 
that of being able to marshal the nation’s 
scientific competence, if need be. This 
requires us to have one or two first class 
people in many areas of science and technolo
gy for purposes of advice and for an entrée to 
the real competence wherever it might be.

Senator MacKenzie: I was interested in a 
statement that is contained in the introducto
ry section of your brief, and again towards 
the end, concerning the importance and 
extent of medical research that has been done 
by the Defence Research Board. In a general 
way, what did it consist of?

Dr. Uffen: Well, there are two main aspects 
of it. As you know, most medical research is
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done in hospitals, or university hospitals, and 
in the early days after the Second World War 
the Defence Research Establishment at 
Toronto was known as the Defence Research 
Medical Laboratory, and it was somewhat 
unique in that it was a medical laboratory 
under federal direction. Its functions have 
changed over the period of time since so that 
they are not now really medical in that 
sense—that is, human engineering, and so on.

The first point is that we did have a medi
cal laboratory devoted to medical research. 
The second point, I believe, is that in about 
1947-48 half of the medical research in Cana
da got its financial support from the Defence 
Research Board.

Now, with the appearance of the Medical 
Research Council and the vastly increased 
support for university medical and associated 
biological departments, and hospitals, our 
contribution is significant but of declining 
relative importance, and it is proper, I think, 
for us, in a reasonably organized way, to 
transfer the responsibility for what we used 
to do to the Medical Research Cluncil, and 
this is being done.

However, we still maintain a number of 
advisory committees of medical specialists 
who are first-class. So far as I know there is 
absolutely no question about this. So, we still 
have available very good medical advice.

The Chairman: With respect to these initial 
projects that you started, what exactly did 
you have in mind at that time? Were you 
trying to meet your immediate purposes, or 
trying to fill a gap that existed on the general 
Canadian scene?

Dr. Uffen: I think, both. The justification 
for DRB’s doing it was that under the Nation
al Defence Act we had to be able to advise 
the Minister of National Defence and the 
Forces in the way, for example, troops live in 
the Arctic. Clothing and so on for survival in 
Arctic conditions was a very major problem 
ten or fifteen years ago—and I am not so sure 
that it is not still a problem.

Now, in order to solve those problems you 
have to have both the ideas generated by 
fundamental research scientists, and a group 
which is going to direct the results towards 
the needs of the armed forces, so we had 
both.

I am told by Dr. Bigelow that in modern 
cardiovascular surgery they are now using

methods of chilling or freezing—low tempera
ture work—which were originally developed 
as part of the fundamental research necessary 
to the study of performance in the Arctic.

The Chairman: But how could you transfer 
your responsibilities and programs to the 
Medical Research Council since that Council 
does not have any intramural activity?

Dr. Uffen: Dr. Malcolm Brown, the Presi
dent of the Medical Research Council, has 
been long associated with DRB, and he is a 
member of our medical advisory panel. The 
transfer of activities takes place by liaison 
between the groups that screen applications 
to the Medical Research Council, the National 
Research Council, and to us, and we just get 
together and say that it would be more 
appropriate if it was done by the Medical 
Research Council, and we suggest to the 
professor concerned that he apply to MRC.

Senator MacKenzie: The point on page 10 
that I had reference to is in this same field. 
You state that you are establishing a third 
scientific assistant to the Chief of Personnel 
who will be concerned with human problems. 
I take it that “human problems” envisages 
something broader than medical or health 
matters?

Dr. Uffen: Yes, we made the appointment 
quite recently. I think it was a little unfair to 
say it was established, because the appoint
ment was made within the last eight weeks. 
The man himself is a psychologist, and he has 
been one of the senior scientists at Downs- 
view—at the Toronto Research Establish
ment—and he has the very difficult task of 
trying to determine what science can do for 
the armed forces. It will take him a few 
months to lay out the program.

Senator MacKenzie: This is in the area of 
human problems?

Dr. Uffen: Yes. For example, there is the 
matter of recruiting policy, and problems of 
morale. What happens if we turn off the 
recruiting for six months, and then later try 
to turn it on again? It is that sort of thing. If 
you are going to send troops on peacekeeping 
roles, and they get a sudden direction to be 
prepared to go to a tropical climate or an arid 
climate, then you want to know how they will 
react. It is matters like these.

We have to anticipate this need, and make 
sure that we have made the proper studies of
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the kind of equipment they may require. We 
have to engage in studies of a problem that 
many of you know about. In these days of 
rapid intercontinental air transport we all 
know that one can go around the world in 
less than four days by commercial aircraft, 
and that if we do our metabolism gets out of 
whack.

Senator MacKenzie: I know that, sir.

Dr. Uffen: Another example is. ..

The Chairman: Do you have a cure for 
that?

Dr. Uffen: I think that if you go in a satel
lite then you travel fast enough that it does 
not affect you. Some excellent work has been 
done at McGill University. I do not know the 
terminology well enough to explain it, but it 
deals with the problems of balance, which is 
controlled by our hearing mechanism. These 
matters are exceedingly important to people 
who are in aircraft or in any kind of a mov
ing vehicle.

At Toronto they study the problems of 
going down into the deep in high pressure 
vessels, and so on. I understand that this is 
somewhat similar to being isolated in a 
satellite.

Senator MacKenzie: I have another ques
tion. I was interested in the contribution you 
have made and are making to and your 
interest in, the development of a communica
tions satellite. Has that been turned over to 
another specialized committee or group, or 
are you still in the field?

Dr. Uffen: It is in the process of transfer. I 
think from an historical point of view you 
would say it has been done, but in real time 
it takes a few months. For example, we still 
have the money in DRB, or part of it, and we 
still have the machinery for paying people. 
We have the machinery and responsibility for 
maintaining the laboratory, and contracts 
with caretakers, and so on, and we still have 
the agreement with the National Aeronautics 
and Space Administration, and so on. How
ever, by order in council the responsibility for 
the work is now that of the Postmaster 
General, and we are working out all the 
machinery for an orderly transfer as fast as 
we can.

Senator MacKenzie: But you did the initial 
work in the development of the communica
tion satellite and that kind of thing?

Dr. Uffen: It was done in two stages. The 
original satellite work was done in the 
Defence Research Board laboratories, but it 
was a deliberate policy to have the work done 
in industry as soon as possible, so the remain
ing satellites have been constructed in indus
try. Our function has been to monitor, to act 
as the public representative to see that the 
work is done according to contract and so on.

Senator MacKenzie: This suggests a ques
tion in connection with your relations with 
industry in terms of your research. As I 
understand it, this might be two areas, or two 
relationships. First, you would assign to 
industry the responsibility for major research 
and development in respect of certain mat
ters, certain articles; secondly, as a result of 
the research work done in your organization 
you produce items which are likely to be of 
commercial and industrial interest. How do 
you arrange this kind of transfer?

Dr. Uffen: If we start out on a project 
which we believe is primary defence priority, 
very high priority—for example it might be a 
metallurgical one, and I will use this as an 
example—if we start some metallurgical 
research in our own labs, in addition we may 
have a proposal made to us under the 
Defence Industrial Research grants program 
by industry, who put up roughly half the 
money, we put up roughly half the money 
and foster this because it is in the defence 
interest. Sometimes they make discoveries 
which have their greatest exploitation poten
tial in civilian pursuits. We have these inter
locking representations with the National 
Research Council industrial support program 
on the one hand and what was the Depart
ment of Industry on the other, so that when 
the research phase of it is over and it is no 
longer really my responsibility it can be 
taken up and supported in some other way, 
maybe as a tax incentive or something like 
that.

I do not remember the name of the firm— 
which is probably just as well—but there was 
a $15 million development in a metallurgical 
process which came out of a project we ini
tiated six or seven years ago. I was confront
ed with a question by my own deputy minis
ter: “Bob, whatever are you spending defence 
money on a civilian project for?” My answer 
was: “In the first place, we thought it was in 
the defence interest. In the second place, we 
did not know it was going to be a success. In 
the third place, we made efforts to transfer it
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to a civilian organization, and this has now 
been done.”

Senator MacKenzie: Naturally I am 
interested in the relationships with the uni
versities. Are the research projects undertak
en in the universities at your request or insti
gation, or are they presented to you by 
individuals within the university or both?

Dr. Uffen: Both. A small amount of money 
is spent at our request; it is a contract. We 
have a definite objective, the university ac
cepts the contract or it does not, and we get 
done what we want. Sometimes the best man 
in the country is in this university or that 
university. However, most of the money is 
under the University Grants Program. In this 
case the university professor makes applica
tion to us. We have to judge his application a 
little differently from the National Research 
Council. We maintain the same criteria for 
excellence and so on, but we have to make a 
subjective assessment whether it is in the 
defence interest, as we see it, and we can 
support it, or whether it should go to the 
National Research Council. I might say that 
we are able to grant only slightly over half 
the money requested; in other words, we 
always spend all the money there is in that 
area.

Senator MacKenzie: Am I right in believing 
that the work done in the universities is not 
classified work?

Dr. Uffen: It is unclassified.

Senator MacKenzie: It is open?

Dr. Uffen: It is open. As you know, I was 
Dean of Science at the University of Western 
Ontario, and while there I took the point of 
view, which I still hold, that it would be a 
mistake to have directed research of any 
kind, particularly classified research, in a 
university. I am quite happy at the moment 
that we are not suffering from the malaise 
that is present in the United States, because 
we do not have that problem.

Senator MacKenzie: I could not agree with 
you more about your problem of the increase 
in age of your personnel, because I think it is 
common knowledge, or at least a commonly 
held general impression, that the best work in 
science and research is by and large done by 
younger men and women, who as they grow 
older contribute in other ways to society and 
the community. I do not know how to deal

with that problem, but I am conscious of its 
importance and I am glad you have put it on 
your list of problems. Related to it, I note 
that the members of the Defence Research 
Board and the agencies are not under the 
Public Service Commission. Is there or has 
there been any feeling on the part of what 
was the Civil Service Commission or your 
members about this difference, as it were, in 
status-

Dr. Uffen: I think in the past, say 10 to 15 
years ago, there was a very big difference of 
opinion, but times have changed and I think 
the differences are minor. I know of no seri
ous problem. The reason why the differences 
are now minor is that the scientific and tech
nological competence of other government 
departments has climbed enormously. For 
instance, the Department of Energy, Mines 
and Resources has a larger group of scientists 
than we have now, and they are very good. 
That has made a difference from the situation 
at the end of the war. Also the advent of 
collective bargaining in the Public Service 
makes it necessary to have a good deal more 
consultation, and while theoretically I have 
authority to propose some personnel policy 
divergent from that of the Public Service 
Commission, I think it unlikely that I would 
ever get it approved, unless it had very good 
justification.

The Chairman: Does it give you more 
flexibility?

Dr. Uffen: Oh yes. In the past the flexibility 
of being an independent employer has been 
crucial. It is still very important to us.

Senator MacKenzie: By and large your staff 
prefer that independent status because of the 
flexibility?

Dr. Uffen: As far as I know they are quite 
happy with the separate employer status. Of 
course, there are very competent staff 
associations now, so perhaps you should 
direct your questions to them. I may not be 
seeing things through the same window.

The Chairman: But from the point of view 
of the institution itself, in its administrative 
policies, it gives the institution much more 
flexibility by having that kind of status.

Dr. Uffen: Mr. Houlding is the chairman of 
the Standing Committee of the Board which 
does all this. I do not do it. This guarantees 
fair treatment to the employees. Perhaps you 
would like to hear from him.
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Senator MacKenzie: Have you any com
ments on this, Mr. Houlding?

Mr. J. D. Houlding, member. Defence 
Research Board; President, R.C.A. Victor 
Ltd.: I think that separate status is a very 
essential element for the Board. We are in 
highly specialized areas. We are competing 
with industries, not just in Canada but in the 
United States, for the best of talent and with
out this flexibility we could not achieve this 
degree of excellence that has been demon
strated. I think this is a very useful 
difference.

Senator MacKenzie: I have some other 
questions, but I will yield to other senators.

Senator Kinnear: Mr. Chairman, Dr. Uffen 
and gentlemen: I would like to ask you if you 
are doing research in the area of conflict reso
lution. I will give you all my questions 
together, contrary to the way Senator Mac
Kenzie did it, and then you can sort them 
out.

Peace is, no doubt, the best defence against 
warfare. The very large nations may look 
upon their very large strategic arsenal as a 
means to peace, in a situation where there is 
a balance of power. Small and medium sized 
countries, by aligning themselves with major 
powers, can partake in this kind of peace
keeping; but small and medium sized powers, 
purely on the strength of their military 
forces, cannot be a sole determinant in keep
ing the peace. The most effective role of the 
small or medium sized nations with regard to 
peacekeeping would appear to be that of a 
spokesman for peace—by the way, I am not a 
pacifist, in any way—a negotiator of peaceful 
settlements or as an agent for the resolution 
of conflicts.

Here is where, of course, we wonder if we 
have gone into this area. On the assumption 
that peace is the best defence against war
fare, would it not be possible to include, in 
the area of defence research studies, pro
grams designed to carry out research in con
flict resolution?

Surely the resolution of conflicts, before 
they result or become a large scale war, is 
the most effective role of a small nation? 
Could not research be done in which the 
social, psychological and economic factors 
associated with conflicts might be identified?

Certainly, the history of the recent past is 
crowded with examples which could be stud

ied—and you can run from the Korean war to 
the present invasion of Czechoslovakia. These 
examples certainly could be studied.

One would hope that, on the basis of such 
research, new tactics might be found by 
which small nations could resolve conflicts 
before they flare into warfare.

There is an article I would like to read, on 
“weaponry” from a publication on “Weapon
ry”. It quotes Kenneth Boulding as follows: 

Kenneth Boulding has often remarked 
that threat systems are sick. In a sense, 
they certainly are—in the sense in which 
a failure of the stability of the system 
could result in unprecedented disaster. It 
is for this reason that I am personally 
sympathetic to a fundamental overhaul of 
the world order. But we should recognize 
that there is another sense in which 
threat systems are not sick: It will at best 
take some time and trouble to establish. ..

And here is the point...
... a replacement system, and threat sys
tems may have a lot of vitality for main
taining the peace in the meanwhile.

Do we not have to do research on conflict 
resolution, to help find the replacement 
system?

In the American publication, Science and 
Technology, the author, Dan Cooper, suggests 
that, in the United States, 0.1 per cent of the 
budget should go into the research of the 
causes of aggression between men and 
between nations, and that in the United 
States there should be about $80 million. He 
said that a longer term investment in 
research may be our best hope to break the 
threat and counter threat.

Finally—and Senator MacKenzie talked 
about this, in part—the Department of 
National Defence has recently established a 
number of professorships of military and 
strategic studies in selected Canadian univer
sities. To what extent will their studies deal 
with conflict resolution, human aggressiveness 
and the underlying causes giving rise to war.

Dr. Uffen: I will start with your comment 
about conflict resolution. We do a small 
amount of work in this area. A part of the 
university grants program is devoted to 
applied psychology, and we have a number— 
I do not have the detailed number here but it 
is listed in Appendix IX—of projects support
ed in universities, in psychology, and some of



Science Policy- 287

them are concerned with conflict resolution. 
But they are modest, I admit that..

We have recently initiated, under the uni
versity grants program, a deliberate policy to 
support applications from professors in the 
social sciences. It will take a little while to 
build this up. It is very modest right now, 
but we have one or two grants to professors 
in sociology and economics. They are related. 
I would not like to say that the titles are 
concerned with conflict resolution. I think it 
is one of the things that Dr. L’Heureux and I 
recognized, when we became chairman and 
vice-chairman of the Board, because he 
undertook a study of all our activities. The 
DRB had a large complement, first of all, of 
physicists, chemists, engineers and so on, but 
many of the problems of the Armed Forces in 
their peacekeeping role were sociological 
problems, so we have initiated support in this 
area. It is just under way.

Your next comment, Senator, was about 
replacement systems versus threat systems. 
Yes, we would like to do more work in this 
field but again I must say that we have only 
really initiated some serious research fairly 
recently. You recall that, in my introductory 
remarks, I mentioned the Defence Research 
Analysis Establishment, which has grown out 
of what was known as operations research. 
We have re-organized it slightly and I am 
trying to increase the number of people in 
that establishment up to ten, if I can do it. 
The kind of person who will go into the 
establishment might be a mathematician or a 
statistician—you always need them—but cer
tainly we would like to have economists, 
anthropologists, sociologists, to allow us to 
undertake some more of these studies.

You probably are aware that I made an 
address to the Canadian Association of Phys
icists last spring, where I talked about the 
inter-relation between social sciences and 
natural sciences. Many people thought it odd 
that a physicist like myself should be the one 
who has undertaken to introduce or explain 
our activities in social sciences.

The Chairman: May I ask you at this point, 
is there any liaison with the Canada Council 
when you go into these fields?

Dr. Uffen: No, Mr. Chairman, except that I 
talked to M. Jean Boucher. We have not any 
effective liaison yet.

Senator Kinnear has mentioned the profess
ors of strategic and military studies. There is

a little study of it in one of the appendices 
here, but I think I can recall most of it. The 
Armed Forces were obliged, or decided, to 
terminate some of their traditional programs 
in the universities. They were very reluctant 
to do this but they decided they had to; but 
they did not want to lose contact with the 
oncoming generation of young people, they 
did not want to lose contact with the minds 
and concepts that could be generated in 
universities.

So they introduced a proposition that the 
Department of National Defence undertake to 
support the establishment of several profess
orships of military and strategic studies. The 
proposal was drafted and worked out through 
consultation with the Association of Canadian 
Universities and Colleges, and was given to 
the Cabinet about a year ago. Although I 
forget the exact date, the Cabinet did give 
approval to the establishment of six such 
professorships and authorized the expenditure 
of approximately one quarter of a million 
dollars.

Up until this time the Defence Research 
Board had very little to do with it, although 
I, as a member of the Defence Council, did 
know it was going on. At that stage we had to 
decide how we would implement it, and the 
policy decision was that it would be best if 
those universities who were interested would 
make a proposal as to what they wanted to do 
in the field of military and strategic studies, 
because the Defence Research Board has long 
been in contact with universities.

It was suggested by the Association of Uni
versities and Colleges of Canada that we 
administer it. We did not ask to do it; they 
suggested we do it because of our already 
established machinery. One of the methods 
suggested was to have a screening committee 
to judge applications from professors in uni
versities. Therefore, a screening committee 
was set up under the chairmanship of 
Mr. Arnold Heeney, who is very knowl
edgeable in this area—perhaps we can skip 
that. Applications were invited through the 
Association of Universities and Colleges of 
Canada, and 14 applications for six professor
ships in varying degrees of preparation 
depending upon the facilities the universities 
already had, were submitted.

The screening committee approved five of 
these applications, and the money has been 
provided to the universities for these profess
orships. Now, the intent was not for the



288 Special Committee

Department of National Defence to tell the 
universities what to do; the intent was to 
make it possible for universities that wanted 
to, to have a centre of excellence where 
minds could meet to do research in the areas 
of strategy, that is, national security in a 
Canadian context. We take so many of our 
strategic concepts from the United States, 
United Kingdom, NATO and others which 
have to be related to Canadian concepts, that 
that was one of the fundamental purposes of 
it.

Now, there are a couple of minor additional 
comments I would like to make. We also 
made provision for some research fellowships 
and scholarships because a professor needs to 
have around him some graduates—young peo
ple with whom he can work. We made provi
sion for library facilities so that they could 
start a library if they did not have one.

The requests came from different areas; 
some came from history departments—that is 
fine; some came from political science depart
ments—that is good; some came from sociol
ogy departments. It depended on the interest 
of the local university, and I think it is safe 
to say that I am enthusiastic about the way 
the program is proceeding. It will, however, 
take two to three years before something will 
emerge that we can evaluate.

Senator Kinnear: Thank you. I think it is 
quite a new idea; this idea where we can 
study why we fight with each other.

Senator Bélisle: Mr. Chairman, first, I 
would like to say that I am very pleased to 
hear that you agree with it, and, second, I 
would like to say how much I appreciate its 
condenseness. It was very precise, especially 
with respect to Annex 1-11, and it will give 
us, I believe, a very good opportunity to 
study who’s who in the echelon or command 
or responsibility. I was also pleased to hear 
that you are making use of the talents and 
facilities that we have in our universities.

On page 14, paragraph 46, you state that 
approximately 22 per cent are effective in 
both our official languages. My question is 
this, what portion of this is outside of the 
province of Quebec?

Dr. Uffen: It is quite variable. I am not 
sure that I can give you a precise figure, but 
I would say that three quarters of the compe
tence is due to the fact that we have a labora
tory at Valcartier—one of the charts shows 
that at Valcartier 75 per cent of the profes

sional people are fluent in both languages. I 
believe that one of the other charts shows 
zero fluency, but Valcartier is a large one so 
it increases the average. We do have a very 
substantial bilingual competence where it is 
needed, and I would like to claim that this is 
largely through the efforts of Dr. L’Heureux. 
We have anticipated this national need, and 
we have had a bilingual competence in our 
headquarters for a year now.

My French is equivalent to grade 13, 
Ontario. It is a bit laboured, but I can under
stand. If someone wishes to deal with us in 
French, we can deal in French, although you 
would not, surprisingly enough, think so at 
Esquimau. We have a good bilingual compe
tence in British Columbia, although I forget 
what the actual figure is.

Senator Bélisle: Thank you, Dr. Uffen. 
From what you have said, I would like to let 
you know that there are two other bilingual 
universities, Ottawa University and Lauren- 
tian University.

I would like to ask Dr. L’Heureux a ques
tion. What universities receive subsidies, or 
grants, from the Department of National De
fence? And how are these grants obtained?

Dr. L'Heureux: Mr. Chairman, all Canadian 
universities can receive grants from the 
Department of National Defence, according to 
the requests made. Presently, as you have 
seen by the tables we have submitted, most 
universities receive grants from the Defence 
Research Board. These contracts must have, 
in addition to excellence, a certain military 
implication in the proposals submitted. Now, 
from the point of view of selection, we have a 
selection committee whose chairman is a 
university man, as well as most of the mem
bers, with the exception of our Chairman and 
myself. This committee does the selection of 
the projects that are submitted and, as men
tioned by our Chairman this morning, we 
have twice as many requests as we have 
grants. In general, all the universities submit 
requests. Obviously, universities in the large 
centres have more facilities, in general, than 
the universities which are beginning, and 
when it is possible for us to help a new 
university, whose scientific point of view is 
excellent, but not totally military, we grant it 
financial assistance, if possible.

Senator Bélisle: To follow up the statement 
presented on page 23, it has been mentioned 
just now that there were 50 university
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projects accepted for a total of $13,000,000. 
Is there a procedure to assist bilingual uni
versities. Is there any hope for the University 
of Sudbury?

Dr. L'Heureux: Yes, Mr. Chairman. We 
have French universities, as well as bilingual 
universities, receiving grants. We award 
many grants to Laval University, to the Uni
versity of Montreal and to the University of 
Ottawa. On the other hand, the University of 
Sherbrooke and the University of Moncton 
receive smaller grants. I personally had talks 
with the representatives of Laurentian Uni
versity in order to explain to them the type of 
work that we would undertake in the future 
and the manner in which to present a request 
to receive grants from the Board.

Senator Bélisle: Thank you.

[Text]
Senator O'Leary (Carleton): Mr. Chairman, 

I may say that this question is perhaps more 
to satisfy my own personal curiosity than to 
prosper scientific research. Last year the 
United States adopted a new system of mis
sile defence, and I believe they called it the 
high altitude radar observation system. I 
understand they sent to Ottawa a man from 
their military research department to discuss 
this matter here in Ottawa. Now, what I 
would like to ask is this: Did this gentleman 
come here to consult or to inform? In other 
words, did he come to ask you what you 
thought might be done, should be done or 
could be done, or did he come to tell you 
something that had already been done?

Dr. Uffen: They came to consult with us on 
a technical level. Consultation on such a level 
is easy. On a diplomatic or government level, 
it has to be a little more precise. It is rela
tively easy for the scientists and engineers to 
consult because we don’t make commitments. 
So, on the scientific level we were consulted. 
I think it is appropriate to say when we were 
given certain basic information we went back 
and thought about it, and we found we didn’t 
have all we needed. So we did two things; we 
sent some of our scientists to the United 
States to consult and ask questions and get 
further information, and we got to it. I also 
asked one of my own old friends who is a 
scientist of some standing at a university to do 
some work from first principles as a check to 
see if what I was being told added up, and it 
did. Then we made our own study in Canada 
—the Defence Research Analysis Establish

ment has made an intense study of our own. 
This was done quite some time ago and the 
ramifications are still being discussed.

Senator O'Leary (Carleton): Thank you.

Senator Thompson: I would like to under
score the remarks and the questions of Sena
tor Kinnear. I think we have a unique geo
graphical situation and a . unique climatic 
situation and so on and because of the mix
ture of our population we have an opportuni
ty to establish a unique social laboratory. We 
have learned to forget our historical differ
ences, and our racial and cultural differences, 
to work together and I think to this extent we 
could be considered a laboratory that could 
be carefully studied as an experiment for the 
world. However, if I could now refer to a 
question by Senator MacKenzie with regard 
to older personnel, I notice there is concern 
expressed in your paper about this and you 
talk about portable pensions and forced attri
tion. I have been wondering whether if in 
working in a close liaison with industry some 
of your older scientists might not work in 
executive positions and as advisers and so 
provide opportunities for younger men to 
come to you.

Dr. Uffen: We have not done so yet. The 
problem has only arisen over the last year or 
two. But it is something we have to face up 
to, and I would be glad to examine any 
scheme that would allow greater mobility of 
our scientists in and out of government, in 
and out of the universities, and in and out of 
industry. But the older men have an invest
ment, as you well know. It is not easy for a 
man of 55 years of age to uproot himself and 
move to a new area and start over again, and 
those are the ones I am worried about. Such a 
man has 10 years to go to retirement, and all 
executive positions have been filled by 44- 
year-olds like myself. I look and wonder what 
is to become of me. This problem is not 
confined to DRB at all. We are all old at 30 
now.

The Chairman: I wonder if Mr. Houlding 
would comment on that. We discovered yes
terday, for example, that industry has not 
been as interested in industrial research as 
could be expected, and that perhaps the lack 
of scientific advisers in industry, close to 
management, is the reason for this lack of 
interest. To pursue the idea a little further, I 
wonder if it would not be possible, for 
instance, for the Government to offer a kind



290 Special Committee

of incentive or to pay at least part of the 
salary of these people who could be trans
ferred from government to industry, where I 
am sure they would be in a position to play a 
very interesting role for 10 or 15 years.

Mr. Moulding: To get such interchange 
would be a very good thing. We have the 
same problem in industry. The only solution 
is growth. A relatively small percentage of 
older men fulfil such a function.

The Chairman: Your industry is not typi
cal, because I am sure you have quite an 
important research program. But for those 
industries of firms which do not have such 
programs and which are not even in the posi
tion to use the information which becomes 
available, perhaps there would be a role for 
these people to play.

Mr. Moulding: I don’t like to be negative 
about this, but I think it becomes a purely 
economic consideration. To begin with, a rela
tively small company cannot afford research, 
and even if it is going to put money into 
research, it is going to put it into applied 
research, and the older scientist is not likely 
to be a natural candidate for that kind of 
work. I think the concern here in DRB is 
partially the result of financial constraints 
they have, and for these and other reasons 
the percentage of the older scientists is a 
problem.

Senator MacKenzie: In the table on page 22 
you have omitted completely Prince Edward 
Island. Now I am not a Prince Edward 
Islander, but I think for reasons of diplomacy 
it might be better to have it in there. It may 
be that some time you will have someone at 
Summerside doing work.

Dr. Uffen: We thought it might not be very 
diplomatic to put it in there with a zero.

Senator Giguère: I am referring to research 
grants to industry mentioned on page 19. 
What provision is made for reimbursement of 
grants to an industry when a sizeable profit is 
made by that industry from products devel
oped as a result of such a grant?

Dr. Uffen: None. It is bread upon the water. 
You have about one success in 100 tries. For
tunately when you are successful, the return 
is 100 to one. However, we take the point of 
view that our job is to foster this, and ever 
since the Second World War it has been the 
DRB’s position that we must foster research. It

is the function of the Department of Industry 
and other agencies to see that it gets 
exploited.

Senator Bourget: Could they not reimburse 
the money that you have invested in that 
industry? I think that would be fair.

Dr. Uffen: Well, they are required to 
exploit it in Canada. We get reimbursed by 
the production orders and the exploitation 
that takes place. I would imagine that R.C.A. 
Victor, for example, have done well out of 
DRB support for satellite research.

Mr. Moulding: If you would like me to com
ment, I would say every dollar we get goes 
back in trying to keep pace with the industry. 
It is a very fast moving field, and it takes us 
all our time to keep up with it.

Senator Grosart: In Appendix D, Annex II, 
paragraph 2, I read the statement:

DRB is now engaged in developing a 
method to relate research projects to 
military functions.

Does this mean you are developing a meth
od of surveying all the R and D projects 
taking place in Canada, including industry, 
universities, National Research Council, 
departments of Government, crown corpora
tions, and so on, to see what basic or applied 
or development research might have military 
uses?

Dr. Uffen: No, it means we are studying 
our own program to be able to demonstrate 
that we are doing certain kinds of research in 
terms of the needs of National Defence—but 
it is National Defence.

Senator Grosart: Then how would you 
relate the R and D that is going on, the $800 
millions worth we were told about yester
day—that is, R and D by governments, 
industry and everybody—how would you 
know whether something of military applica
tion might be under development?

Dr. Uffen: We would rely very largely on 
our advisory committees structure. Our advis
ory committees have representatives from 
other Government departments, industry, and 
so on. These would go into the machinery in 
time to prevent us from some unnecessary 
duplication. There is always a certain amount 
of duplication in research, but we try to pre
vent unnecessary duplication. That is one 
method.
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Also, the scientific literature, the engineer
ing literature, is available to us, and our 600 
professionals are all members of appropriate 
learned societies and professional organiza
tions, and they read and study beyond the 
immediate problem.

Senator Grosart: I realize this is only a 
very small part of a much larger problem, of 
what is going on in the world, but I notice 
that you, for example, have bilateral agree
ments . ..

Dr. Uffen: Yes.

Senator Grosart: . . .with certain NATO 
countries.

Dr. Uffen: Yes.

Senator Grosart: But not with all of the 
NATO countries. Is there a reason for that?

Dr. Uffen: Are you referring to Portugal, 
perhaps?

Senator Grosart: Well, Belgium, I believe, 
is not in your list.

Dr. Uffen: The bilateral agreements are 
largely due to the initiative of a defence 
scientist in one of the NATO countries who 
had a problem that he recognized we could 
help him with, and then a formal arrange
ment was made so that we could communi
cate legally. I do not really know why there 
is not one with Belgium. I could understand 
why there may not be one with a small coun
try because of their limited activity.

Dr. L'Heureux: I believe I may be able to 
help on that. Belgian research is not organ
ized the way we are in Canada, to start with. 
They have civil research and all the other 
done within the military, mostly through uni
versities. So, the main link that has been 
established with Belgium has been with NRC 
on the one side, and the military, on the 
other, but their organization is very different. 
This requirement, so far, has not developed 
into a Belgium agreement.

Senator Grosart: I presumed there was 
some simple explanation.

Again, in your statement, doctor, you spoke 
of the U.K.-Australian agreement as the most 
important international program of exchange 
of science information. Can you tell us why 
this particular one has this importance, in 
your estimation?
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Dr. Uffen: It started out originally as a 
tri-partite agreement between the United 
Kingdom, the United States and Canada, and I 
think the reasons are historical, as an out
growth of the Second World War. Then, at a 
certain time in its evolution, Australia, I 
think, requested, or it appeared highly desir
able for Australia to play a part too. So what 
was originally tri-partite is now quadri
partite.

Senator Grosart: Is the United States in 
that.?

Dr. Uffen: Yes, the United States and the 
United Kingdom. This is why I said it was 
the most important one of all. If this were not 
there we would be severely handicapped; we 
would be hamstrung. You belong to a club 
and pay your membership, but sometimes the 
junior member gets a lot more from the club 
than the older ones, if he is reasonably dis
creet and plays according to the rules, and he 
gets back ten times what he put in.

Senator Grosart: And still plays golf!
Again, I will not cite the reference because 

it is an obvious one. The division of responsi
bility for R and D within your structure, you 
say, is different from that of other compara
ble countries. You suggest this may be a disa
bility in the functioning of your own R and D. 
If that is so, could you tell us why we 
continue it, and what would be the alternative, 
if we draw ourselves more into line with the 
common practice of other countries?

Dr. Uffen: Well, first of all, I think I said 
within the western alliance; it is not really 
comparable countries because Australia, I 
suppose, is about the only one that is really 
comparable. It was when we deal with mas
sive, large organizations like in the United 
States and the United Kingdom. In the United 
States, with such an enormous requirement 
for machinery, and so on, they have a single 
organization to look after it all. We cannot 
afford to have, and I would say there is not 
really the need to have one big, massive 
organization which does the research, the 
applied research, the development, the pur
chasing and all the rest of it. We cannot real
ly afford it.

But I have to work with countries that 
have a structure that assumes that. So, the 
difficulty we run into when we deal with the 
United States and the United Kingdom is that 
General Waldock and I have to get together 
and say, “Who will we send? Is it better to
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send a civilian engineer or a military officer 
or a DRB scientist?” And we have to get 
together with the Department of Defence Pro
duction or the Department of Industry. This 
is a little inconvenient, and I do not have any 
recommendation that I am convinced would 
be better.

Senator Grosart: But the other countries, 
using the unitary system within the western 
alliance, are no bigger than we are.

Dr. Uffen: We mesh very nicely with Nor
way, and we do not have any problems with 
them because they have a very similar struc
ture to ours—and the Netherlands. So, we 
have no problem there. It is just when we try 
to figure out who is the right person to talk to 
our representative in the United States. For 
example, my counterpart in the United States 
is Dr. Foster, in the Pentagon. I go down and 
talk to him. He is responsible for defence 
problems, production, and so on, far beyond 
my responsibility; but, surprisingly enough, I 
am responsible for running a laboratory net
work. He has none of those operating respon
sibilities. I talk to him about collective 
bargaining problems, and he says, “You have 
my sympathy.” You see, he does not have the 
same kind of problems.

Senator Grosart: That is all, Mr. Chairman.

Senator Cameron: As a member of the 
Institute of Teaching Studies for a number of 
years I welcome the establishment of these 
professorships in the universities, and notably 
the one at Carleton. But, in recent weeks I 
have been having a confrontation with a rela
tively articulate and aggressive group of stu
dent activists in a number of universities. 
This is one of the areas on which they seem 
to be zeroing in. It is quite obvious that they 
are grossly misinformed. I am wondering 
what steps can be taken, or have been taken, 
to put the thing in proper perspective, and to 
get more accurate information out to the pub
lic in general.

I ask that because these people have had a 
tremendous amount of publicity, and they 
have been given a wrong impression as to 
what this professorship at Carleton is all 
about, and they are linking it up with the 
research centre that was established at 
Columbia. So far as I know, the Columbia 
operation was a much larger and much more 
inclusive operation than was ever proposed in 
Canada. I would like to know just what is 
being done, or what has been done, with re

spect to getting the facts out. Secondly, I 
should like to ask: Is there any relationship 
between what is being set up here and what 
has been set up at Columbia? I believe the 
Columbia thing has been disbanded as a 
result of this action.

Dr. Uffen: Well, I can answer your first 
question. The Canadian Union of Students 
sent one or two representatives to DRB a 
couple of months ago. We have an executive 
secretary for university affairs, and he spent 
four hours with them. He gave them the 
information about our research grants for 
universities, and he gave them a copy of our 
annual report, which they had never seen. He 
explained it all to them, and they have not 
been back.

I might make another comment. Under the 
circumstances, it might have been a mistake 
for me or one of my staff to explain the 
Carleton program, because people who do not 
want to believe you would say: “Ha ha, direc
tion from the Defence Department", so we 
keep quiet.

Dr. Davidson Dunton did a rather compe
tent job in his own right. After all, he is the 
university president. The program had been 
approved by the university senate, and so on. 
So, we might only have muddied the waters 
in meddling in what is a university program.

The Chairman: Senator Hays?

Senator Hays: Doctor, I should like, first of 
all, to say that this is one of the best papers I 
have had an opportunity of looking at, and I 
think you should be congratulated on it. I do 
have a few questions to ask you.

First, do you have any statistics on the 
economic benefits that have been obtained 
from research in the last few years, or do you 
keep a note of this sort of thing?

Dr. Uffen: Well, we try, and like everyone 
else we find it is not easy to determine all the 
economic benefits, but there is a demonstra
tion in one of the appendices. It is Appendix 
VIII, page 25. There is a table there which 
gives some of the economic benefits of 
Defence Research Board work, and it tabu
lates under the fields of telecommunications, 
navigation, and electronics, et cetera, a num
ber of projects which we initiated at various 
times in the past and which are known to 
have resulted in Canadian production orders 
which totalled something in the vicinity of 
$200 million.
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Now, we did not do all that by ourselves. 
The ideas and programs were generated in 
DRB, but the subsequent financial support, or 
the major developmental support, might have 
come from the armed forces vote, or from a 
Department of Industry vote. However, they 
were all generated by our people.

If you look at this you will find that about 
three of the items account for most of the 
return—the airborne Doppler system, elec
tronic components, and the anti-submarine 
sonar system. This is why I said a little while 
ago that you have about one success in a 
hundred, but when you have a success you 
may get back a many-fold return.

Our major concern is national defence and 
advice to the minister, and if something like 
four times our annual budget happens to 
come back into the Canadian economy then 
that, from my point of view, is gravy. That is 
not what I am here for.

Senator Hays: Your budget is around $50 
million?

Dr. Uffen: Yes.

Senator Hays: When the minister or the 
deputy minister comes along and says 
that you have to cut your budget by ten 
per cent—which often happens—then, in 
endeavouring to take out the ten per cent I 
suppose you look at the programs and say: 
“While this particular program is important, 
we will just have to take this particular ten 
per cent out of it”? You are not permitted to 
retain any portion of the $50 million that you 
have not used?

Dr. Uffen: No.

Senator Hays: It just goes back into the 
general funds?

Dr. Uffen: Yes.

Senator Hays: I suppose the purpose of this 
committee is to make certain recommenda
tions to the Government, which we hope they 
will accept—at least, in part. Would this be 
an advantage to you?

Dr. Uffen: Well, I can make the first obvi
ous observation. The total expenditures on R 
& D of the Armed Forces and DRB are 
approximately $80 million, depending upon 
how much of the armed forces salaries you 
include for R and D. This is about 5 per cent 
of the defence budget. I think it is a bare 
minimum, but in times of restraint we have 
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to live with it. So, one thing I would like to 
have recognized is that we are at the bare 
minimum threshold of a reasonable invest
ment in R & D from the point of view of 
national defence.

The other comment I wanted to make— 
well, I had another comment, but it has 
slipped my mind.

Senator Hays: I asked whether it would be 
of benefit to you if. ..

Dr. Uffen: No, I can live within a budget 
when I am told: “Here is a budget. Make it 
work”, because research is something you can 
cut out and put in. Everybody knows that. 
But, what I would like is internal flexibility 
so that I am able to terminate a program 
which we regard as having low priority in 
order to start something new, such as we 
were discussing earlier, and which now I find 
rather difficult to do.

In the past our funds were made available 
in such a way—for one thing, I cannot change 
salaries. A salary vote is a salary vote. In the 
past money was given to our laboratories, 
and we could not transfer funds from one 
laboratory to another.

I believe the Treasury Board, because of its 
new policies of programmed budgeting, is 
going to reconsider that, and give me an 
internal flexibility that will allow me to 
transfer money from one project to another, 
regardless of whether it is in this lab or that 
lab.

Support for this would be a real help to 
me.

Senator Hays: May I tell a little story, Mr. 
Chairman? I am the chairman of the Cancer 
Crusade in the Province of Alberta. We are 
supposed to collect money, and not have any
thing to do with the spending. But, I was 
interested in finding out how we were using 
some of this money.

We have a little cancer research institution 
in Edmonton known as the MacEachen Can
cer Research Establishment. I have been there 
two or three times now. They started some 
time in the ’thirties. There are many different 
kinds of cancer. I am a layman but I under
stand that every kind of cancer is different 
from another. In 1932 a woman died from a 
form of cancer whereby the abdominal cavity 
filled up with a sort of leukemia. They have 
been perpetuating this cancer in mice. They 
use about 10,000 mice a year. Some more are
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on the way there now, because most of them 
are dying of cancer.

They have been using several hundred 
thousand dollars to keep the program going 
in an endeavour to keep the establishment 
together in order to discover other areas in 
which they can do cancer research. In the 
meantime they have been able to come up 
with certain drugs which are being used 
today, after 25 years of that sort of research 
which keeps an establishment of about 25 
people busy. You must have exactly the same 
sort of disciplines in your field of research, 
doing the same thing, trying to hold the $50 
million budget together without losing it so 
that you can use it in other directions. This 
was the reason I asked the question. If you 
put aside the money that you were not using 
you could probably use it more effectively a 
few years from now, in your discretion.

Dr. Uffen: First of all, I do not know that 
we have any money we are not using.

Senator Hays: I am sure of that.

Dr. Uffen: Perhaps you might like to hear 
from Dr. L’Heureux, because he is the chair
man of our program review group, who have 
this harsh task of deciding when to terminate 
a project so that we can start another one. It 
meets about once a month or more.

Dr. L'Heureux: There is no doubt that a 
good research program will perpetuate itself, 
as you say. On the other hand—and this is 
why we have adopted this method that I 
talked about very briefly this morning of 
assessing our program—we start with the 
military requirements, and this changes con
siderably. We have developed, and are still 
developing, this method of coming from the 
military requirements to military activities, to 
subactivities, to technology and then to 
science. The technology and science are both 
of interest to us. Internally we do some tech
nology, and with the universities more 
science. On average about once a year when 
the science budget is exhausted we have to 
cancel a major program. I do not say there 
are now some that should not be cancelled; 
there are other restraints sometimes; there 
are people we have to worry about, facilities 
and money. In general we start a new pro
gram about once a year on average. We run 
about 20 major programs. This is one of the 
reasons why in the scientific community we 
are frequently criticized of changing direction 
too often, because we always have to serve a

customer who is often changing his require
ment because of change in government poli
cies, change in threat, you name it. We do 
have these problems.

We think we are developing a very effec
tive way of assessing our programs. I know 
the military have told us that the support we 
are giving them now is much more direct 
than it was, say, five years ago. We do change 
programs, but there is no doubt that it is 
very difficult, because primarily it is people.

Senator Grosart: Do any of the $200 million 
industrial production orders you have had 
through DND research stem from the $28 mil
lion you have put into development research 
grants, or do they come from your intramural 
research?

Dr. Uffen: Those were intramural.

Senator Grosart: All from intramural?

Dr. Uffen: Yes. I have not tabulated the 
ones that may have arisen from the industrial 
support because we asked for returns and so 
on. It is the company’s business. After all, 
they have a 50 per cent investment in it and 
when it starts to pay off they tend to clam up.

The Chairman: We will adjourn until 3.30 
this afternoon, when we might continue with 
Dr. Uffen for a few moments, because I 
notice there are a few questions senators 
want to ask, and then we will proceed to our 
second item of business.

The committee adjourned.

AFTERNOON SITTING

Senator Maurice Lamontagne (Chairman) in
the Chair.

The Chairman: Honourable senators, I think 
it would be more convenient if we proceeded 
immediately to hear Major-General Waldock. 
I have had a word with him and he feels that 
many of the questions could be addressed to 
all the group after he has spoken. If that is 
convenient, I will ask Major-General Wal
dock to make his statement.

Major-General D. A. G. Waldock, Deputy 
Chief of Technical Services for Engineer
ing, Canadian Armed Forces: Honourable 
senators—

1. You have heard Dr. Uffen’s presentation 
on the activities of the Defence Research 
Board. This second brief presented on behalf
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of the Department of National Defence covers 
those activities of interest to you which fall 
within the responsibility of the Armed Forces.

2. In oversimplified terms, the Defence 
Research Board handles the “research” activi
ties of the Department and the Armed Forces 
handle the “development, test and evalua
tion” activities, in addition to the much larger 
engineering commitments associated with the 
acquisition of their equipment. In fact, of 
course, the dividing line between the two 
elements of the organization is more diffuse. 
This is inherent in the very nature of 
research and development, where there is a 
continuous technical transition from scientific 
research at one end of the spectrum through 
applied research and development, to produc
tion and acceptance at the other end. Within 
the Department of National Defence we have 
adopted a standard terminology for research 
and development activities, which is defined 
in Annex A to the brief. The Defence Research 
Board has clear responsibility for basic and 
applied research while the forces have clear 
responsibility for their equipment acquisition 
which includes engineering development and 
operational systems development when neces
sary, production design, quality assurance 
and, generally, all activities associated with 
specifying, procuring, and introducing new 
equipment into the service. The forces are 
also responsible for preliminary development, 
including its funding, where operational 
needs can be stated only as objectives, rather 
than as clearly defined requirements, although 
Defence Research Board establishments may 
conduct this work on our behalf. Apart from 
service test and evaluation, the forces have 
very little “in house” development capability 
and it is our policy to rely primarily upon 
industry, and to a lesser extent upon Defence 
Research Board establishments. In the devel
opment field, therefore, the forces are con
cerned primarily with the formulation and 
management of projects which are conducted 
by other agencies.

3. In the forces, the functions of test and 
evaluation, standardization and quality assur
ance are related primarily to equipment pro
curement, but because they also have some 
relationship to development the brief contains 
details of our activities in these areas.

4. The relevant parts of the Armed Forces 
organization are described in the brief and I 
should like to draw your attention to Figures 
1, 2, 3 and 4. Figure 1 shows the organiza

tion directly under the Minister, the Deputy 
Minister, Chief of the Defence Staff and 
Chairman of the Defence Research Board. 
Figure 2 shows the breakdown into Branches 
under the Chief of the Defence Staff. Broadly 
speaking, the activities in which you are 
interested fall under the Chief of Technical 
Services, who is responsible for all aspects of 
equipment acquisition and its maintenance in 
service. The Vice Chief of the Defence Staff is 
responsible for determining operational 
equipment requirements and his branch 
works closely with the Technical Services 
Branch during the process of requirements 
definition. Figure 3 shows the Technical Ser
vices Branch organization. The functions 
which are of main interest to you fall under 
the Deputy Chief for Engineering, which is 
my appointment. The more detailed organiza
tion under my direction is shown in Figure 4 
of the brief.

5. I should like to emphasize that the pri
mary function of the Engineering sub-Branch 
is the management of equipment acquisition. 
This involves responding to the statement of 
equipment needs made by the Vice Chief of 
the Defence Staff and taking all the action 
necessary to acquire and place the required 
equipment in the hands of the forces. The 
majority of this workload is of an engineering 
nature in discharge of the production design 
authority function, but it also includes time 
and cost control, quality assurance, develop
ment when necessary, test and evaluation, 
and the overall co-ordination of the service 
introduction phase for each new equipment. 
In this connection, the forces procure new 
equipment at a cash expenditure rate of 
about $250 million per year, but the cash 
value of the total capital equipment acquisi
tion program under our technical manage
ment at any one time, either being formulat
ed or implemented, is several times this 
amount.

6. The development, test and evaluation 
activities in which you are interested are han
dled within this organization as part of this 
overall equipment acquisition activity because 
they require the same types of professional 
engineering competence and expertise. Any 
decision to proceed with a particular develop
ment project is taken on the basis of a careful 
analysis of other possible options for acquisi
tion of the equipment. The organization I 
have described is therefore not designed 
primarily with development in mind, but 
rather, development is included, for reasons
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of economy and continuity, within a much 
larger organization having a broader overall 
equipment engineering function.

CONCLUSIONS:
7. I should like to turn now to the conclu

sions which have been drawn in the brief. 
These are summarized at the beginning of the 
brief and I propose to say a few words of 
explanation about each of them.

(a) The total level of defence develop
ments, test and evaluation in Canada 
amounts to less than 2 per cent of the 
defence budget but about 10 per cent of 
the equipment acquisition budget.

Annex K shows that the present level of 
development, test and evaluation is some
what less than $30 million per year which, 
in terms of a defence budget of about $1.7 
billion, is rather less than 2 per cent. This 
level of activity is below that in most high
ly developed countries. It should, however, 
be noted that if the research activities of 
the Defence Research Board and the 
defence development activities of the 
Department of Industry are added to this 
total, it represents about 6 per cent of the 
defence budget, which is in line with that 
for other comparable countries. In addition, 
the expenditures by the Department of 
National Defence on development, test and 
evaluation amount to rather more than 10 
per cent of the equipment procurement 
budget. In our particular circumstances, this 
does not appear to be out of line.

(b) Most of the activity does not involve 
exploitation of novel concepts.

Perhaps of greater concern than the mag
nitude of the development effort is its 
nature. Close examination of Annex O 
shows that many of the projects are not 
directed towards the exploitation of innova
tion which has emerged from Canadian 
research. With some notable exceptions, the 
development programme is largely con
cerned with test and evaluation of equip
ment developed elsewhere to determine its 
suitability for the Canadian Forces, with 
development of sub-systems, modifications 
and adaptations and interface engineering.

In our circumstances, it is very difficult 
to avoid this situation. With the natural 
desire to acquire the maximum amount of 
the most modern equipment with the funds 
available, there is a tendency for the forces 
to prefer the purchase or manufacture 
under licence in Canada of equipment 
developed elsewhere. Usually the end quan

tities of any specific equipment required by 
our relatively small forces are not large 
enough to justify support of Canadian 
development in terms of national defence 
needs alone. In addition, the forces wish to 
achieve maximum standardization of their 
equipment with their allies for operational 
compatibility and logistical economy. For 
these reasons, they generally wish to avoid 
the unique equipments which would result 
from those Canadian developments which 
were not adopted by our allies. Factors 
such as these limit the choice of develop
ment projects severely and, at the same 
time, make the choice of longer term sup
porting research activity even more diffi
cult. Unfortunately, therefore, when inno
vations do appear as a result of defence 
research, it is not always possible to sup
port them from National Defence resources 
to meet Canadian defence needs alone.

At present, as in the past, the Armed 
Forces depend upon the Defence Research 
Board as a primary source of innovation.

(c) The organizational separation of 
research from development presents some 
difficulties but the interface must be viewed 
in relation to the other interfaces related to 
engineering, maintenance, supply and 
requirements definition.

In view of the absence of a clear inter
face between research and development, it 
might be argued that the divided responsi
bility for the two is not desirable. On the 
other hand, the Defence Research Board, as 
a separate civilian defence science agency, 
has been found to have some clear advan
tages which have been well recognized 
from the military side. The Board has 
attracted competent scientists of high 
calibre through its favourable environment 
and personnel arrangements, and the 
research program has yielded large divi
dends through various international arran
gements as well as through internal efforts. 
The organizational separation does tend to 
produce an element of remoteness between 
the scientists and engineers in the two 
groups, but this has been offset to a large 
extent by the location of Defence Research 
Board scientists in the military organization 
and of military officers in Defence Research 
Board establishments and through other 
more formal channels listed in Annex C of 
the brief.
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However, there is also a major interface 
between development and the engineering 
associated with procurement of the end 
item and since nearly all of the Armed 
Forces development is heavily oriented 
towards the acquisition of equipment to 
meet operational requirements, the resolu
tion of this interface becomes paramount. 
Nowadays, there is an increasing tendency 
to overlap equipment production and devel
opment phases in the interests of saving 
time and money. There is also an increasing 
tendency, in both the private and military 
spheres, to manage equipment systems on a 
life-cycle or “cradle to the grave” basis 
both to provide continuity and economy of 
expertise and to achieve the optimum 
trade-off between capital equipment costs 
and maintenance costs.

While it is possible that the present 
arrangements may not be ideal, it should 
be noted that most countries have spent 
many years searching for this ideal with, as 
yet, no clear evidence that it has been 
found. It is also important to recognize that 
the research and development interface is 
only one of several that exist in relation to 
defence equipment. In addition to the 
major interface with engineering for pro
duction which I have already mentioned, 
there are also interfaces with maintenance, 
supply and requirements definition. In 
view, therefore, of the nature of the activi
ties covered by development in our case, it 
would not be very practical to separate it 
from the test and evaluation function, the 
engineering design authority function 
associated with procurement, and the 
maintenance function. Conversely, if devel
opment were conducted by another ele
ment of the organization, there would 
undoubtedly be some duplication of effort 
with the Engineering sub-Branch.

Examination of the nature of all these 
interfaces leads to the conclusion that no 
single formal organization can satisfy all 
the requirements and the present organiza
tion is working well from the Forces 
viewpoint.

(d) The effective formulation of projects 
in the overall national interests presents 
some difficulties.

The difficulties of selecting development 
projects to follow up the innovations 
emerging from the research program have 
already been mentioned. However, the

Forces do recognize that there is a clear 
need to support development in industry if 
strong, healthy and competitive defence 
industries are to be preserved. The major 
portion of this latter responsibility belongs 
to the Department of Industry and that 
department has a substantial amount of 
funds to support development projects 
aimed primarily at the defence export 
market.

The brief describes the co-ordination 
arrangements between the two departments 
and their respective development programs. 
As you will note, there is a considerable 
amount of co-operation, and Department of 
National Defence resources are, on occa
sion, utilized to a substantial extent in sup
port of defence export programs. However, 
the difficulties referred to are making it 
increasingly apparent that Department of 
Industry support and associated export 
interest will be required to an increasing 
extent if the innovations produced by 
Department of National Defence research 
are to be exploited. On the other hand, it is 
equally clear that defence development 
projects funded by the Department of 
Industry require support from National 
Defence facilities and experts, and also that 
foreign sales are strongly dependent upon 
the level of the Canadian Forces interest 
and support.

It is perhaps obvious to say that the most 
desirable defence development projects are 
those which, at the same time, meet 
Canadian defence needs, have high export 
potential and serve to expand the industrial 
technology base.

(e) In spite of the difficulty of selecting 
and supporting development projects, there 
are several reasons why it is important to 
do so.

While there are difficulties in selecting 
worthwhile development projects, we are 
convinced that it is essential to conduct 
some development within the Department 
of National Defence. Firstly, there will 
undoubtedly be occasions when develop
ment is required to meet unique Canadian 
requirements which cannot be met in any 
other way.

Secondly, some development activity is 
essential to maintain the knowledge of 
advanced technology which is required for 
sound decision-making related to the acqui-
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sition of complex defence equipment and to 
provide training and experience for the 
technical officers required to acquire and 
maintain the equipment in service.

Thirdly, if we are to retain access to the 
immense pool of allied scientific and techni
cal information, it is necessary to make a 
reasonable contribution to it.

Fourthly, if we maintain a scientific 
capability, it is inevitable that novel con
cepts will emerge, and it is most desirable 
that these should be exploited if certain 
criteria can be met.

Fifthly, and by no means least, develop
ment activity is essential if technology- 
based defence industries are to be main
tained in Canada. As stated in the brief, 
this responsibility belongs primarily to the 
Department of Industry but it does involve 
the Department of National Defence to a 
substantial degree.

(f) Most development projects will 
involve minor improvements and modifica
tions to existing equipment or sub-systems.

In the light of the observations already 
made, it will be obvious that we shall rare
ly initiate the development of large and 
complex weapons systems to meet the 
needs of the Canadian Forces alone. Our 
development activities will usually be con
cerned with the development of smaller 
systems or sub-systems based on Canadian 
innovation, with the adaptation of equip
ment available elsewhere to suit Canadian 
Forces needs, and with the improvement of 
existing service equipment to make it more 
effective.

(g) Co-operation with our allies in joint 
development projects is desirable.

The advantages of conducting develop
ment projects jointly with our allies are 
fairly obvious; the cost is shared, the 
volume of the production run is increased 
and standardization of equipment within 
operational theatres is achieved. Our policy 
is to participate in joint projects when cir
cumstances permit. At the same time, the 
practical difficulties of harmonizing opera
tional requirements both in kind and in 
time, and establishing a mutually attractive 
basis for joint development among several 
countries must be recognized and it is prob
able that only a small number of joint 
projects will be established.

(h) Most developments are conducted by 
industry on contract.

The Department of National Defence 
policy is to involve industry in development 
projects as much as possible. Only when 
appropriate capabilities do not exist in 
industry is work undertaken in Department 
of National Defence facilities. Work which 
is undertaken within the Forces or in the 
Defence Research Board’s establishments is 
usually confined to systems analysis, fabri
cation of experimental or breadboard 
equipment, modifications to equipment, and 
test and evaluation requiring specialized 
facilities and military personnel. However, 
when our development is carried out in 
industry, it is still necessary for the Forces 
to formulate the project, define the tasks, 
monitor the contractor’s activity and inject 
the necessary military factors and 
experience.

(j) Involvement in the international 
defence community provides an important 
means of access to extensive areas of new 
technology of great value in the non
defence field.

The brief lists at Annex D a number of 
international agreements concerned with 
defence research and development activi
ties. The importance of continued access to 
this source of information and of participa
tion in joint projects has already been men
tioned. Another important dividend is that 
the advanced technological information 
acquired through these channels is often of 
considerable value to non-defence indus
tries. For instance, the rapid advances in 
the electronics industry have resulted to a 
large extent from the pressure and urgency 
of defence needs. The same could be said of 
technology in the field of light alloy 
metallurgy.

(k) Civilian personnel are used when it is 
most economical and does not prejudice the 
maintenance and support of the operational 
forces.

Civilian personnel are employed in the 
Armed Forces Engineering sub-Branch 
when the maintenance and support of the 
operational forces is not prejudiced and 
when it is more economical to do so. The 
choice between civilian and military officers 
is governed by a number of factors which 
must be weighed carefully. On the one 
hand, civilian officers introduce an element 
of continuity which is difficult to achieve 
with military officers but, on the other



Science Policy 299

hand, civilian officers lacking field experi
ence may tend to have a more remote 
knowledge of the vital operational aspects 
of service equipment. In addition, involve
ment in equipment engineering and devel
opment is an important aspect of career 
development for technical military officers. 
The civilian/military ratio at the officer 
level in the Engineering sub-Branch is 
about one to one, which appears to be an 
appropriate mix. Certain changes have 
recently been made in the policies govern
ing the employment of civilian personnel in 
the Department of National Defence with a 
view to improving their career develop
ment pattern.

(m) New procedures for the initiation of 
equipment acquisition have been introduced 
with the aim of minimizing slippages and 
cost escalation.

Development projects everywhere have 
always been plagued with problems of cost 
escalation and slippage. When technology is 
being stretched and new concepts are being 
developed, an element of risk cannot be 
avoided. However, advantage has been 
taken of management consultants and it is 
hoped that the new procedures, described 
at Annexes L, M and N in the brief, for 
requirements definition, project formulation 
and implementation, together with the use 
of modern project planning and manage
ment techniques will lead to steady 
improvement in this regard. For all new 
projects, analysis and experimental work 
are undertaken, as necessary, to demon
strate feasibility, from the point of view of 
both technology and cost, before develop
ment is initiated.

(n) The test establishments and engineer
ing standardization agencies perform a 
vitally important function in support of 
equipment acquisition regardless of the 
amount of development undertaken.

While some of the activities of the test 
establishments and engineering standardi
zation agencies fall within the purview of 
your investigation, I should like to stress 
that they are not primarily concerned with 
the research and development functions of 
DND but with the much broader function 
of equipment acquisition. Whether we buy 
equipment from our allies, manufacture it 
under licence or develop it ourselves, these 
functions are vitally important to ensure

that the equipment we acquire will meet 
the rigorous requirements for military ser
vice and provide maximum logistical 
economy.

RECOMMENDATIONS :
8. The brief presents to you three recom

mendations. The first relates to the need to 
undertake defence development projects in 
the overall national interests. I have already 
referred to the problems which surround the 
selection of development projects and it is 
clear that major projects cannot usually be 
based on Canadian military needs alone. The 
choice of development projects should, there
fore, take into account other factors such as 
international co-operation, industrial capabili
ties, innovative capabilities and economic val
ue, including export potential.

9. The second recommendation is a corol
lary which stresses the importance of retaining 
a strong military involvement in defence 
equipment development projects. Defence 
equipment usually makes use of the most ad
vanced technology but, at the same time, the 
environmental, performance and reliability 
requirements are extremely stringent. In the 
desire to pursue projects of broad national 
interest, there is a tendency to underestimate 
the importance of unique military require
ments. It is, therefore, recommended that this 
factor should be clearly recognized at all 
times during the consideration of the broader 
problem.

10. The third recommendation relates to the 
importance of the international defence com
munity as an effective and proven means for 
the rapid exchange of information on 
advanced technology and its consequent value 
to the overall national technological capability.

11. In closing, I would like to say that I 
believe that in the past three years we have 
made great strides in improving our ability to 
formulate and manage our development activ
ity within our financial and manpower con
straints. With the relatively small size of our 
Forces and the consequently small quantity of 
each equipment that they require, and with 
the operational need to standardize our equip
ment with that of our allies, it is difficult, 
indeed, to find worthwhile major Canadian 
defence development projects. We are 
conscious of the economic aspects of 
defence and we are always on the 
look-out for attractive development pro
jects which we can pursue jointly on a 
shared cost basis with our allies and with the
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Department of Industry. We have already 
achieved modest success in these areas. The 
relatively new organization and procedures 
for handling development in the defence field, 
which appear promising, should be given an 
adequate trial period in which to mature and 
provide a reasonable assessment of their 
adequacy before being subjected to further 
change.

The Chairman: Thank you very much, 
Major-General Waldock. I think that from 
this point on we should address our questions 
to all members of the panel so as to avoid 
duplication. Before giving the floor to any 
member of the committee; I should like to 
ask a question that I wanted to ask this 
morning, but there was no time. I wonder, 
Dr. Uffen, if you can tell us what is the 
approximate proportion of research activities 
pursued by your institution which can be 
classified as secret.

Dr. R. J. Uffen, Chairman, Defence 
Research Board: Before answering your ques
tion would you let me say a word or two 
about what we mean by “classified informa
tion”. The purpose of classifying, or making 
secret a category of investigation, is to deny 
any adversary, or potential adversary, infor
mation which would make it easier for him to 
take advantage of us—to deny him the oppor
tunity of knowing whether we are adequately 
defended, well defended, or poorly defended, 
or what offensive capabilities we might have, 
and so on. This is why we have security 
regulations, and in our presentation so far I 
think most of you would I accept the fact 
that we have been extremely direct, but your 
very question, Mr. Chairman, is one that I 
am unable to answer.

The Chairman: You think that this propor
tion should remain secret?

Dr. Uffen: We must leave some things 
unanswered.

The Chairman: Yes. Before allowing Sena
tor Grosart to ask his questions I would men
tion that this morning Senator Robichaud 
wished to ask a question, and I wonder if he 
would like to ask it now.

Senator Robichaud: It was a question 
regarding personnel. Questions were asked 
and answered this morning concerning the

personnel of the Board, but, Dr. Uffen, in 
your recommendations at page 24 you say:

(a) Increased salaries and soaring 
equipment costs within a fixed or declin
ing budget would reduce the number and 
extent of projects. Sooner or later it will 
be necessary to either increase the funds 
available or close some research 
establishments.

This seems to indicate some fear or anticipa
tion among the members of the Board that 
there is this possibility.

Now, in Annex V of your submission deal
ing with personnel statistics you show that as 
of July 1 of this year the total professional, 
technical, and other workers amounted to 
approximately 2,500, which is the entire staff 
of the Board. Can you tell us if in the last 
five or six years there has been an increase or 
a decrease in the total personnel, or if it has 
been more or less stable.

Dr. Uffen: I think a short answer is that it 
is more or less stable, but I think your ques
tion is best answered by my explaining that 
because of a financial ceiling on the Defence 
Department, which includes the Defence 
Research Board, we have been obliged to 
operate at slightly below our authorized estab
lishment. We have been operating at about 
600 professionals, when we are authorized to 
have 610. So, we are staying rather below the 
positions we would like to fill. I am not so 
familiar with the details of the non-profes
sional support staff.

There is another point that might be appro
priate here. Of course, we try to think ahead 
a few years, and that is why we have the 
planning staff in the headquarters, and at one 
time we sat down and performed an exercise 
in which we plotted and projected the proba
ble future costs of our present programs, 
without any expansion, because of salary 
increases, inflation and what we call the 
sophistication cost in modern equipment—and 
this is going up very rapidly. If we project 
our likely operating budget, then we find that 
it is only a few years before the two intersect. 
In other words, we had better have some 
plan as to what to do in order to avoid this 
circumstance where we would have a well 
paid staff but no money or facilities to con
duct work.

I do not think we are going to let that 
happen, but if our budget is kept constant, or 
even if it is allowed to increase by a cost of
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living allowance, or an inflation allowance, 
and if the inflation allowance is smaller than 
the real amount, then we will have to plan to 
curtail our activities, and redistribute them. 
Sooner or later this would lead to closing a 
laboratory, or alternatively finding another 
use for it or moving the people somewhere 
else. My point here was that we have to 
anticipate this and not just have it happen.

Senator Bourget: I should like to ask Dr. 
L’Heureux if there is some difficulty in finding 
French-speaking scientists from our universi
ties. In CARDE particularly, is the majority 
of the scientists French-speaking or 
English-speaking?

Dr. L'Heureux: At CARDE at the moment 
the professional staff is about 50 per cent 
French-speaking origin, but as I mentioned 
this morning, the number of those who are 
bilingual is much higher, it is about 75 per 
cent. The total establishment is about 85 
French-speaking; that is taking the whole 
establishment, including the supporting staff.

Senator Bourget: I am interested particu
larly in research in respect of recruiting.

Dr. L'Heureux: We have now no great 
difficulty in professional recruiting for 
CARDE. We did in the past but we can now 
recruit almost any type of scientist we need. 
We still have a problem in recruiting French- 
speaking scientists in some of establishments. 
This, of course, depends on the social envi
ronment, not because of our laboratories.

Senator Bourget: Are you trying to help 
them financially in order to induce them to 
join your staff when they have completed 
their studies?

Dr. L'Heureux: We have a program of 
scholarships to assist our staff, but that is to 
get their Ph.D. if they have got a bachelor’s 
degree; we have such programs. Normally 
there are between 15 and 20 professional staff 
taking postgraduate studies out of 600.

Senator Bourget: Looking at your table in 
which you show the sharing of expenses by 
regions, I notice that in Quebec between 30 
per cent and 35 per cent of it is given to 
industry. In other regions the percentage is 
not so high as it is in Quebec. Is there a 
particular reason why the percentage is high
er in the Quebec region than in the other 
regions?

Dr. L'Heureux: This depends on the indus
trial area. You will recall I did mention that 
our industrial grants were on roughly 50/50 
basis, and these are normally with large com
panies. In the Montreal area or Toronto area 
there is a natural tendency for the industrial 
grants to be larger. That is why Quebec and 
Ontario have very large industrial grants 
compared with some of the other regions.

Senator Bourget: When one looks at 
Ontario for 1965-66, for instance, the intra
mural research is nearly $15 million, but only 
$3.5 million has been given to industry. There 
is a little but very important difference 
between that and what is given in the Quebec 
region to industry; in Ontario it is a little less. 
Mind you, I am not against it at all.

Dr. L'Heureux: Internally it is the laborato
ries. In Quebec there is the largest we have, 
which is CARDE. In Ontario there are four 
laboratories plus the headquarters. This 
makes our internal expenditure higher in 
Ontario than in Quebec. On industrial grants, 
it would appear that the big industries in the 
Montreal area are more interested in defence- 
oriented research than they are in the Toron
to area.

Senator Bourget: You can do more research 
work here in Ottawa because there is the 
NRC. Would that be one of the reasons?

Dr. L'Heureux: With respect to industrial 
grants, we like to depend on the industrial 
capabilities of the region. These grants are 
chosen by a special committee and I am only 
supposing the reasons now. One supposes it is 
because in the Montreal region they have bet
ter projects and have asked for more support 
than certain other defence industries.

Senator Bourget: I am all for it.

Senator O'Leary (Carlelon): Would General 
Waldock be prepared to say that because of 
the existence of the Defence Research Board 
we are getting a greater dollar value for what 
we spend on defence; if so, would he say he 
thinks the budget of the Defence Research 
Board might or should be increased?

General Waldock: The answer to the first 
question is undoubtedly Yes. In reply to the 
second question, I believe I would support 
the answer given by Dr. Uffen this morning 
that when you referred to an increase in a 
budget it depends what the context is. If the 
context is an increased proportion of the
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defence budget then I would say No. If you 
are referring to the question of sums coming 
in from outside sources it is a rather different 
context.

The Chairman: From another department.

Senator O'Leary (Carleton): I do not know 
whether you have answered my first question. 
Do you think because of the existence of this 
board we are getting a greater dollar value 
for what we spend on defence?

General Waldock: Unquestionably, yes.

Senator Grosart: I too would like to 
address a question to General Waldock, 
which arises out of the article on the front 
page of the Montreal Gazette this morning. It 
is headed “Lucrative NATO Market Lost. 
Canadian Device Blocked by U.S.” It is under 
the byline of Arthur Blakeley. Mr. Chairman, 
you saw me having lunch with Mr. Blakeley 
today and passed the remark that you hoped 
this did not mean there would be any leak! 
You also commented that a Canadian states
man of some repute once remarked that the 
way to make sure information was wide
spread was to mention it in the Cabinet and 
the way to insure secrecy was to have it 
announced in the Senate. However that may 
be, we are on the front page this morning. 
We were on some front pages last night, and 
I think we can thank some of our distin
guished witnesses for the very valuable infor
mation which brought us there because the 
press regarded it as important enough to 
bring it to the attention of the Canadian 
public.

I hope I will not take up too much time if I 
read some of this article, because it is impor
tant. It deals with the statement made in the 
NRC. brief yesterday. Unless I am mistaken, 
there is a somewhat different version of the 
same project given in the submission we had 
today.

Parts of this article read as follows:
An arbitrary political decision made in 

and by the United States cost Canada the 
“large and lucrative” NATO market for 
an ingenious counter-morter radar set 
designed and developed by the National 
Research Council and hailed as the 
world’s best, according to informants 
here.

The story of Canada’s near-break
through in the military equipment field,

in part at least, was contained in a spe
cial National Research Council report 
made public yesterday at a hearing of the 
Senate special committee on science 
policy.

The report said that the Canadian 
equipment “to this day out-performs its 
rivals in the U.S.A. and U.K.”

It goes on to quote the report, which 
appears on page 51 of the report, under the 
heading “Some Significant Projects”. It then 
quotes a Government source—I am not saying 
this is NRC—and says

that the NATO market was lost for the 
Canadian device because American au
thorities gave their backing to compara
ble, but inferior equipment, developed 
and built in the United States.

I direct the question to you, General Wal
dock, because the theme of this kind of prob
lem seems to run through a great deal of the 
submission you made. For example, on page 6 
you say:

.. . there is a tendency for the forces to 
prefer the purchase or manufacture 
under licence in Canada of equipment 
developed elsewhere.

He explains why and it is a very reasona
ble explanation. He says:

.it is not always possible to support 
them from National Defence resources to 
meet Canadian defence needs alone.

Again if I may paraphrase, the General 
points out one of the reasons is that we have 
a small military establishment and we have 
the problem of lack of mass production 
facilities.

At page 10, if I may quote the General:
.the most desirable development proj

ects are those which, at the same time, 
meet Canadian defence needs, have high 
export potential and serve to expand the 
industrial technology base.

At page 11, the General says:
. .if we are to retain access to the 

immense pool of allied scientific and 
technical information, it is necessary to 
make a reasonable contribution to it.

At page 17 he deals with the choice of 
development projects in Canada, and says:

. .it is clear that major projects cannot 
usually be based on Canadian military 
needs alone. The choice of development
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projects should, therefore, take into 
account other non-military factors such 
as international co-operation, industrial 
capabilities, innovative capabilities 
and economic value, including export 
potential.

And in the recommendations I read:
. . and with the operational need to stand
ardize our equipment with that of our 
allies, it is difficult, indeed, to find worth
while major Canadian development 
projects.

I will not go beyond that, but say that here 
apparently is a worthwhile Canadian develop
ment project, and I would ask the General if 
this is the same project that I find referred to 
in Annex T-l of Part II of the submission of 
the Department of National Defence to the 
Special Committee on Science Policy, etcet
era, Armed Forces Activities. Is that the 
same project? That is the same name, Count
er Mortar Radar. Is that the same program?

General Waldock: Yes. I have not read that 
article, but I would suggest it is the same 
program, certainly.

Senator Grosart: First of all, is this sugges
tion true, that the American authorities ulti
mately picked inferior equipment, in view of 
the statement you make here, about which a 
parallel was made by the NRC, in which you 
say:

(It) is now in service with the Canadian 
Forces. It materially exceeds the stated 
military requirements it was built to 
satisfy and is the only such radar in the 
world today which incorporates an effec
tive polarizer to permit operation in rain, 
snow and fog. In these respects it is sig
nificantly more effective than its U.S. and 
British counterparts.

You say this is the same thing?
The brief states:

Two AN/MPQ-501 radars were sold; 
one each to Germany and Italy. These 
were subjected to trials and were well 
received by the military staffs.

The AN/MPQ-501 Counter Mortar 
Radar development has now been ter
minated in conjunction with the introduc
tion into service of the equipment. In the 
light of significant changes in state-of- 
the-art and military requirements, no 
further development is planned in this 
area.

Are we dealing with the same thing? Is the 
statement accredited to a Government source 
approved and, if so, what do we do about it?

General Waldock: Senator, I cannot tell 
you, I do not think anybody else can tell you, 
in simple words that this U.S. equipment is 
better or worse than ours. I am perfectly 
certain that in some respects it is probably 
better and that in some it is not as good, but 
I do not have this detail with me. There is a 
natural tendency on the part of all countries 
to wish to procure the equipment they have 
developed themselves; and in the early days 
following the war, World War II, when we 
began to get into our agreements with our 
various allies aimed at co-operative develop
ment, we had a major snag we had to over
come, and I do not suppose we have com
pletely overcome it now. It was called the 
N.I.H. factor—“Nor invented here”.

Also from the viewpoint of the U.S. econo
my, undoubtedly they are going to promote 
their own equipment, even if it is not as good 
as ours; and I am not sure that we would not 
do the same thing in similar circumstances. I 
do not think the difference in performance of 
the equipment is more than marginal, to the 
best of my recollection.

Senator Grosart: That does not seem to be 
the statement here. The statement here, if I 
read it correctly, is quite to the contrary. The 
emphasis is on the fact of its comparative 
superiority to any similar weapons system 
developed elsewhere. This is why I raise the 
question. If it were marginal, I would not 
raise the question.

General Waldock: Certainly, we are very 
satisfied with our own. It more than met our 
own requirements, and we put it into produc
tion, and we have it in service.

When you get into the question of persuad
ing the Americans to adopt it, you are really 
in the area of the International Programs 
Branch of the Department of Industry and, 
frankly, I am not aware of the details of that 
particular project; and what happened when 
we tried to sell it to the United States, I do 
not know. I do know that they had a compa
rable development, and I think it would be 
natural that they would tend to favour their 
own development, even if it were not as good 
as ours.

Dr. L'Heureux: I do not know what the 
article says, and the article may not be com
plete, but as to effectiveness versus cost of
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equipment, it may not be as good as the 
other one, but it is perhaps much cheaper.

Senator Grosari: My recollection is that in 
neither brief is there a direct reference to 
cost, but a general statement of superiority 
would imply that cost was one of the factors 
in the superiority, or there would be no 
qualitative basis of comparison.

The Chairman: I have just been told that 
coffee is about to be served. It would be an 
appropriate time to adjourn—and this might 
give our guests time to read the article.

A short recess.

(Upon resuming)
Senator MacKenzie: I have a supplemen

tary question, Mr. Chairman, if it is in order 
to ask it.

As I remember it, just after World War II 
there was an effort to achieve standardization 
in respect of small arms and ammunition. Did 
anything come of that? My impression is that 
while there was a sort of general agreement 
that a certain rifle was the best, it was not 
acceptable to all of the nations involved.

General Waldock: Yes, senator, somewhere 
in the middle 1950s Canada, the United 
States, Britain, and Australia, and subse
quently NATO itself—all of NATO—stand
ardized on small arms ammunition.

Senator MacKenzie: Yes, I remember the 
ammunition.

General Waldock: Yes, both for the rifle 
and the pistol, the 9 millimetre pistol.

Senator MacKenzie: And the machine gun?

General Waldock: Yes, the light machine 
gun. As far as small arms weapons are con
cerned, Canada standardized—this is well 
known, I think—on the FN rifle, and Britain, 
Australia, and Belgium also had it.

Senator MacKenzie: Yes, that was a Bel
gian rifle.

General Waldock: Yes. The United States 
went along with that standardization. There 
were continuous conferences on the subject. 
The United States went right along, but they 
kept their option open between the FN rifle 
and a rifle of their own development which, I 
believe, is the M-14. They finally decided to 
adopt their own, so we did not standardize 
the rifle with the United States. This was 
quite a tough decision on their part. The

option remained open for a long time with 
the United States, and they eventually decid
ed to adopt their own.

Senator MacKenzie: I would hate to say 
that this was rather typical, of them, but I am 
inclined to believe it is. That is my feeling, 
by the way, rather than knowledge.

The Chairman: Would you know the date 
when the project referred to by Senator 
Grosart was abandoned?

General Waldock: Mr. Chairman, I do not 
think anything was abandoned. We adopted 
ours, and they adopted theirs.

The Chairman: But when was that decision 
made, do you know?

General Waldock: I would think about 1960.

Dr. Uffen: 1961.

The Chairman: 1961?

General Waldock: Yes.

Senator Grosart: General, the statement 
here that refers to that is:

The AN/MPQ-501 Counter Mortar 
Radar development has now been 
terminated...

General Waldock: It has been terminated 
because it has gone into production. This is 
the way we like to terminate them, senator.

Senator Grosari: I may be wrong, but it
says:

... In the light of significant changes in 
state-of-the-art and military require
ments, no further development is planned 
in this area.

General Waldock: I think what we are say
ing there is that we are not about to develop 
additional equipment, but that was a success
ful development, from our viewpoint. It went 
right through the classic stages of testing and 
evaluation, and it performed and met the 
requirements, and then went into production.

Senator Grosart: And it is now in service in 
our armed forces?

General Waldock: Yes.

Senator Grosart: The cost, I think, was 
about $5 million, according to the statement 
here.

General Waldock: Yes.
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Senator Grosart: So, here is a case of 
where an expenditure of $5 million has ena
bled an R and D project to find an adequate 
market with the Canadian Forces alone; is 
that correct?

General Waldock: Yes, that is correct. We 
would have preferred to see it adopted by 
other countries, because that would have 
increased the production run and reduced the 
unit cost.

Senator Grosart: Was there consultation 
finally between our allies regarding this 
production?

General Waldock: All the way through, 
between the tripartite countries—Britain, 
America and Canada—and subsequent to our 
adoption of it it was offered to the NATO 
countries. In fact, I believe the brief says that 
two were sold to other countries for 
evaluation.

Senator Grosart: Yes, Germany and Italy?

General Waldock: Yes.

The Chairman: But these negotiations 
would have been carried on by the Depart
ment of Defence Production?

General Waldock: Yes, by the Department 
of Defence Production at that time, and the 
Department of Industry at this time.

Senator Grosart: Is it satisfactory to have a 
civilian agency of Government take over a 
development in the military area and con
ducted by a military establishment, and 
assume responsibility for selling? I presume 
that selling from a military man to a military 
man would be more effective. Are you 
satisfied with this arrangement?

General Waldock: Well, from a military 
viewpoint, senator, I do not think—it is cer
tainly not our departmental policy at this 
moment to be in the sales game. It is our 
policy to support the efforts of a department 
which is concerned with promoting the 
Canadian economy. I think most of us would 
have mixed feelings on this. We do not want 
to get into the international arms racket. At 
the same time we do want to reduce the unit 
cost of our equipment. So, we have mixed 
feelings.

Senator Grosart: Who sells American weap
onry? How do they sell it?

General Waldock: It is sold from the 
Department of Defence, and there is a senior 
official, who I believe is at just under the 
assistant secretary level if not at the assistant 
secretary level, who co-ordinates and handles 
all of this.

Senator Grosart: Are they highly successful 
compared to us in selling military hardware 
abroad? That, perhaps, is not a fair question.

General Waldock: That is a question I 
think you will have to direct to the Depart
ment of Industry. They are certainly not 
unsuccessful.

Senator Hays: General, is this decentraliza
tion, with many establishments across Cana
da, costly, or would it be more efficient to 
have a centralization of these various 
research programs?

General Waldock: You are really referring 
now to the Defence Research establishments, 
because I am only concerned with three test
ing and evaluation establishments, and they 
are in fact—one is in Montreal, and the other 
two are in Ottawa. I think the question is one 
really for Dr. Uffen.

Dr. Uffen: I think it might cost more if we 
were centralized, but I have not any real 
justification for saying this. If you centralize 
in the Montreal or Toronto areas, or some
where where the cost of living is extremely 
high, and land rentals and so on are high—if 
you were to operate these establishments in a 
high cost area then the costs might be raised 
considerably. Some of our laboratories are in 
areas where costs are low. But, I am unable 
to give you a precise answer.

Senator MacKenzie: Three of your 
laboratories are pretty well all where it is 
necessary to have them. There is one on the 
Atlantic coast, one at Esquimalt, and one in 
Alberta. They could not be centralized effec
tively here because of the nature of the work 
that is being done.

Dr. Uffen: The odd thing is that some very 
useful anti-submarine warfare work was done 
in the Ottawa River.

Senator MacKenzie: That does not surprise 
me.

The Chairman: Is that why the river is 
polluted?

Dr. Uffen: It was up above the pollution.
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Senator Grosart: General, may I ask you 
one more question on the counter mortar 
radar. It is rather interesting to note that 
both the NRC and our present witnesses have 
responded in the same way to the question in 
our guidelines which asked what was the 
present case histories of what you consider to 
be the most significant completed projects of 
the last five years. Whose project was this— 
the NEC’s or yours?

General Waldock: It was funded largely by 
the Department of National Defence, but the 
work—certainly all of the early work right up 
to the point of the developmental prototype 
was done at the National Research Council. 
This grew out of the work they had done 
during the war and before the Defence 
Research Board was formed. It was a natural 
continuation of the activity they had been 
engaged in.

Senator Grosart: Does it happen very ofteen 
that NRC initiates a project that moves into 
the military sphere?

General Waldock: Only in rather unusual 
circumstances. This was a legacy from World 
War II when the Defence Research Board did 
not exist, and when the National Research 
Council did a fair amount of defence research 
work. If we wished to initiate a similar proj
ect now we would go straight to the Defence 
Research Board and leave it to them whether 
they conducted it in their own establishments 
or elsewhere.

Senator Grosart: How does their very 
extensive work in aeronautical research move 
into your orbit?

General Waldock: I do not know whether 
Dr. Uffen would prefer to comment on this.

Dr. Uften: I am sorry, I cannot make very 
many useful observations. I think Dr. L’Heu
reux would be more appropriate to answer 
this.

Dr. L'Heureux: Going back in history, the 
National Aeronautical Establishment nearly 
became one of the Defence Research Board 
establishments, but after the cancellation of 
the C.F.105 a decision was reached that it 
would be preferable if this laboratory went to 
the National Research Council, but there was 
an agreement at that time that the research 
work in aeronautics would be done by the 
National Aeronautical Establishment, both 
civil and defence. This is how the defence

research work in aeronautics comes to be 
done by the National Aeronautical Establish
ment.

Senator Grosart: How was this decision 
related to the cancellation of the Arrow 
development?

Dr. L'Heureux: Before that time the mili
tary expenditures in aeronautics were much 
higher than the civil, but after this cancella
tion it was felt that the civil side would get 
more support.

The Chairman: We presumed there would 
never be a C.F.110 I suppose.

Senator Grosart: That is getting too near 
the area of politics so I will refrain from 
comment.

Senator Thompson: I notice the General 
suggests that in development one of the 
desirable objectives is that it should not only 
be useful in the broad military field, but 
should also be useful perhaps to the overall 
national technological capacity.

I suggest that one of the peculiarities of 
our nation is the climate. 1 am thinking par
ticularly of the winter and transportation, 
which would certainly pertain to the effec
tiveness of the military. Putting it very sim
ply, it seems to me that the bombardier and 
skidoo were developed in garages by people 
with very little revenue, yet they have been 
of great use to both the military and civilian 
populations. Could you give me concrete 
examples of your development programs 
which have helped our civilian transporta
tion, particularly during the winter?

General Waldock: I can give you one very 
concrete example. In the 1950s we funded a 
development project for an over-snow vehi
cle, an operational vehicle, which was called 
the “Rat”. The actual development was carried 
out in Canadair. A quantity of these was 
procured by the forces. It was not a cheap 
vehicle by the time it was finished. It was 
the first in its field in the sense that it con
sisted of a prime mover and behind it had a 
load-carrying vehicle. They were articulated; 
they could twist independently and the drive 
was conveyed through this articulated joint.

Subsequent to that, and based on that 
same design, Canadair developed, under 
Department of Industry auspices, with con
siderable support from National Defence, a 
larger vehicle known as the Dynatrack. This
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is a pretty successful development. It is now 
in the stage of being evaluated. It is being 
evaluated by the U.S. Army which has in 
fact ordered a small quantity in advance of 
their evaluation. I think at this point the 
Canadian forces are very interested in it too. 
We have a requirement for that kind of 
vehicle and we are waiting to see whether or 
not it goes into large scale production for the 
U.S. forces, in which case the unit cost will 
come down to something we can stand. If 
there is not a large market for it elsewhere 
outside of Canada, once again our small 
requirements will put the unit price up, 
probably beyond our means.

Senator Grosart: Is the NAVAID project an 
example of rather better luck in marketing 
than the one we were talking about?

General Waldock: I think we were there 
first with an original idea. We had no compe
tition to speak of.

Senator Grosart: You sold it to the United 
States, I believe.

General Waldock: No, not to the United 
States, as far as I know.

Senator Grosart: I thought you did. Per
haps not.

General Waldock: I am sure it has been 
evaluated by them, or is being evaluated by 
them.

Senator Grosart: It is in Appendix P:
The system is now being produced in 

Canada for use by British and U.S. 
forces.

General Waldock: That is correct. Once 
again you are out of my field here. Yes, that 
is correct, we have sold to the United States, 
the United Kingdom and various NATO 
countries and Australia for trial and evalua
tion. The export potential of this is assessed 
as being very good. There is no doubt in my 
mind that this is a project which has paid off 
economically, and we were there first with a 
good idea.

Senator Grosart: Would the SHOP project 
be in that class?

General Waldock: Yes, we had the idea. 
Perhaps we did not pursue it, as the brief 
indicates, with quite as much enthusiasm as 
the British. It hit us at a time when our 
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operational requirements were a little unde
cided in this area: we were going through 
quite a major revision and did not jump in 
with both feet. It is a relatively small project 
I should say. It is not of the same kind of 
complexity as some of the other things we 
have discussed.

Senator Grosart: You have made the point 
that it is in the smaller weapons area that we 
are most likely to develop something which 
will have a more universal use amongst our 
allies.

General Waldock: This consisted essential
ly of the basic idea.

Senator Grosart: This was the shelter.

General Waldock: Yes. One has a sheet of 
polyethelene and by putting some small sup
port under it and covering it with earth one 
can support an enormous weight. For exam
ple, a vehicle can pass over it without hurt
ing the people inside. It is a simple idea, but 
also very easy to copy.

Senator Grosart: What is the situation with 
the “beartrap”?

General Waldock: I think we have this one 
to ourselves at the moment. Again we are 
rather getting into the Department of Indus
try field. I know there is a strong interest in 
this from other countries. We have certainly 
gone for it completely. It is a unique Canadi
an development, and a good one.

Senator Grosart: So there is a pretty sub
stantial area in which we can hope in the 
future to develop a larger market for these R 
and D projects under your control?

General Waldock: I think so, yes.

Senator MacKenzie: This has proved true 
in the case of those two working planes, the 
Otter and the other one.

General Waldock: Yes. They have certain
ly been very successful programs. Once again 
I am a little out of my field here and I am 
not quite sure how much defence contributed 
to them.

Senator MacKenzie: I was not thinking of 
that. I was thinking in terms of a Canadian 
project.

General Waldock: Undoubtedly a most suc
cessful Canadian project, and we use them.

Senator MacKenzie: Successful in the 
international market.
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The Chairman: So far as defence research 
and development is concerned, would you 
say that in general the international division 
of labour has improved or worsened over 
recent years?

General Waldock: I think undoubtedly it 
has improved, but I believe it has a long way 
to go.

The Chairman: What about in your field of 
research, Dr. Uffen?

Dr. Uffen: I am sorry, but I have too short 
a time interval to be able to make a compari
son whether it is going one way or the other, 
in my own experience.

Dr. L'Heureux: I would say it is about the 
same.

Senator MacKenzie: Did not your depart
ment have a good deal to do with these 
operational planes referred to?

Dr. Uffen: I was thinking about the de 
Havilland Beaver, the Otter, the Buffalo and 
so on. The de Havilland company has been 
one of the companies which has taken advan
tage of the Defence Industrial Research Pro
gram to a very great extent. While it is 
difficult to identify specific things that hap
pened, they have told us in their reports that 
the engineering development of those three 
aircraft was very substantially aided by the 
DIR program.

Senator MacKenzie: This is expected to 
follow in respect of that small jet engine?

Dr. Uffen: I do not know.

Senator MacKenzie: We hope!

Senator Grosarl: General, you have men
tioned the NIH factor—“not invented here”. 
My recollection is you referred to it in more 
or less past terms. Is it still the overriding 
factor in these decisions?

General Waldock: I hope not, senator. I 
believe that all countries nowadays are learn
ing that it is difficult to go alone in this 
field, and even the American resources are 
stretched to the limit, and the prospects for 
co-operative development are improving 
because of the enormous costs involved. I 
think countries are being forced to look more 
and more to co-operative development rather 
than proceeding on a purely unilateral basis 
which is becoming beyond their means. This, 
in turn, seems to overcome the NIH factor.

Senator Grosart: Does this bring us into 
this field of the defence production sharing 
agreements?

General Waldock: Yes, very much. This is 
a line of country, when you have the Depart
ment of Industry in front of you, with which 
they will be able to cope with much more 
competence than I can. They are very much 
in this area.

Senator Grosart: Are these nation-to- 
nation agreements? I have forgotten.

General Waldock: There are broad agree
ments and individual agreements on 
individual equipment, depending on what you 
are talking about.

Senator Grosart: Do they specify 
percentages?

General Waldock: I cannot tell you, sena
tor. I am right out of my league now.

Senator Thompson: Following Senator 
MacKenzie’s question about the Otter and 
Beaver, again coming back to the transporta
tion question, in the Arctic, what kind of 
studies are you doing as far as the servicing 
of aircraft hangars and making them adapta
ble to the climate of the Arctic is concerned 
and with regard to the examination of the 
kind of planes? I know there is a Japanese 
plane now being used, the YS-11. In those 
three areas what are you people doing?

General Waldock: I cannot tell you specifi
cally what we are doing about hangars, but 
when it comes to air field clearance ice and 
snow removal, we are considered to be quite 
a leader in the expertise involved in this, and 
we have rather informal co-operative 
arrangements with Sweden and the United 
States in this area. This is one of the major 
problems in relation to aircraft, the problem 
of keeping the runways clear, and so on. I 
cannot tell you exactly what we are doing in 
the field of hangars.

Senator Thompson: I am thinking of the 
whole problem of servicing in sub-zero 
weather.

General Waldock: We are in the field of
oils and lubricants. We stress the cold end of 
the temperature range all the time in terms 
of oils, lubricants, cold starting, batteries and 
so on. We have to operate in these fields, and 
we have a pretty well continuing program, 
one that goes almost without saying.
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The Chairman: At the research level, I 
presume that NRC would be the most active 
agency in this field.

General Waldock: Yes.

Senator Thompson: My question is this, is 
the NRC doing studies of this type of thing? 
This seems to me to be so pertinent to the 
development of our North. We have to inno
vate so that we can combat the cold in the 
North with respect to transportation.

Dr. L'Heureux: We do have some laborato
ries—and so does the National Research 
Council—working on lubricants and greases.

Senator Thompson: As far as the type of 
plane with quick assent and this type of 
thing, who would be studying that—is there 
anyone?

General Waldock: NAE is quite active in 
this field. It is a leading authority on de-icing 
of helicopter blades. You may have seen the 
big spray rig they have on the way out to the 
airport. I do not know of anybody doing it 
and co-ordinating it in one branch, except 
NAE itself. But it is such an everyday prob
lem with us that we could not operate with
out continually considering it.

Senator Thompson: There is a Government 
research department that is constantly 
analyzing these problems?

General Waldock: Yes, and not DND alone. 
The National Research Council is, and I am 
sure that Energy, Mine and Resources and in 
the field very strongly.

The Chairman: Are you working in close 
liaison, so as not only to avoid undesirable 
duplication but also to fill possible gaps?

General Waldock: I think very definitely. 
There is an interdepartmental Fuels and 
Lubricants Committee. For battery research 
we rely on the Defence Research Board.

Dr. L'Heureux: We work closely also with 
NRC on lubricants, greases, and so on.

Senator Thompson: Having been in Chur
chill, I think if we could tackle that kind of 
thing it would be useful both for military 
and civilian uses—the whole approach not 
only to lubricants but hangars, and perhaps 
the design of hangars, for planes in cold 
weather, the whole variety of problems that 
have to be faced. I think that would be of 
great benefit to us.
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Senator Yuzyk: This is regarding the uni
fication of the armed forces. Is it expected it 
will contribute to the improvement of R and 
D? Have certain arrangements been made 
which will make it possible to do better work?

Dr. Uffen: I think it has already happened 
from our point of view. You could ask for the 
Armed Forces’ point of view. We now deal 
with one agency instead of three, and we have 
a committee called the DARPG—the Devel
opment and Associated Research Policy Group 
—which is chaired by the Chief of Technical 
Services and has representatives of both 
the Armed Forces and the Defence Research 
Board. This is the co-ordinating group for 
the civilian-military interplay. It is just one 
group to deal with and, as far as I know, 
things are going along a lot better now than 
previously. It is about 2£ years old.

Senator Yuzyk: You should be able to plan 
bigger projects in this case, with the unified 
forces?

Dr. Uffen: Yes.

Senator Yuzyk: Are you able to convince 
the Government or the minister in this case 
that funds, extra funds are necessary for 
certain developments?

Dr. Uffen: I think that is a function of how 
big a proposition it is. We are fairly success
ful up to about $2 million or $3 million.

Senator Grosart: Is the total percentage of 
defence expenditures going into military hard
ware increasing since unification or integra
tion?

General Waldock: I think it is pretty con
stant.

Senator Grosart: My understanding was 
that this was one of the advantages to be 
gained from integration. I do not want to be 
political; I am just asking this as a factual 
question.

General Waldock: The answer, as has been 
stated elsewhere, lies in the fact we have been 
victims of a rather high rate of increase in 
the cost of living, which has not permitted 
delivery of the dividends we had hoped for 
from integration.

I might refer you to my Chart IV, which 
is my own particular branch, and you will 
see what I think is a pretty good example 
of integration. We have not tried to mix the 
engineering of ships with the engineering of
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aircraft or automotive vehicles, because these 
are not integrated in industry or anywhere, 
bu we have one engineering group looking 
after all the aircraft, no matter who is using 
them—the land forces, the air forces or the 
fleet. We have one group looking after the 
engineering of all the vehicles. We have 
considerable commonality in the field of com
munications and electronics engineering. We 
have one quality-control organization for the 
whole lot. There has been a saving of per
sonnel—in my particular area, in the region 
of 40 per cent.

Senator Hays: Mr. Chairman, Dr. Shebeski 
in Winnipeg has perfected a plastic substance 
that can be spread on grain. With this plastic 
covering material on the grain he can deter
mine exactly when it will grow. If this seed 
could be distributed during the winter 
months on the snow, and then this plastic 
substance would deteriorate at the proper 
time in April when you would ordinarily 
seed, it might prove to be of great benefit.

I have spoken to quite a few people about 
this. In New Zealand, which I have visited 
many times, they are now spreading fertilizer 
by aircraft, and using mostly Canadian 
planes and Canadian pilots. One pilot can 
fertilize about a thousand acres a day.

Would you be the right people to go to in 
so far as the development of machinery like 
this is concerned? This could mean, in the 
seeding of crops, $250 million a year.

Dr. Uffen: Shall I try to answer this?

General Waldock: Yes.

Dr. Uffen: We could do it. I think we have 
the facilities. We have the aircraft, and the 
Suffield experimental station would be a 
place where we could do it, but it would not 
be a proper thing for us to do in terms of the 
National Defence Act. If someone said that 
they really wanted it and were prepared to 
use a financial encumbrance to provide the 
money and the wherewithal, we would have 
to look at it, and we would be glad to, but 
my responsibility is to see that it did not 
disturb the priorities in defence. It sounds 
like a magnificent idea.

Senator Hays: You would then take this to 
the NRC?

Dr. Uffen: It would make more sense to go 
to the National Aeronautics establishment of 
the NRC than to involve the Defence Depart
ment in such a project.

Senator Hays: It would be in the field of 
research somewhere. Someone would have to 
produce a machine that could carry 700 or 
800 bushels of seed, and travel at a speed of 
80 miles an hour. They do such things very 
efficiently in New Zealand.

Dr. Uffen: Dr. Shebeski was a member of 
the National Research Council for three 
years when I was there, and he would be 
quite familiar with the avenues available to 
him.

Senator Grosart: But you would not be 
concerned unless a military application could 
be indicated?

Dr. Uffen: I think it would be outside our 
normal terms of reference. We have done 
this before and, of course, would do it again 
in the national interest, but it would have to 
be recognized as being outside the proper 
sphere of activity of the Department of 
National Defence. I know I would have to 
work very long and hard with our minister 
and deputy minister in order to convince 
them that we should spend any of our funds 
on it.

Senator Thompson: You have had survival 
courses in the Arctic, and you have had 
medical doctors and others examining the 
problems encountered. How is the informa
tion you have obtained translated over to the 
Department of Indian Affairs, for example, 
so that it may be of benefit to people in the 
North?

General Waldock: I cannot answer for the 
medical side at all. I do not know what the 
arrangements are. We have had a fair degree 
of involvement in Arctic clothing, and gener
ally coping with the environment in terms of 
living up there. So far as the equipment is 
concerned, and the clothing, and so on, as 
distinct from the medical side of the argu
ment, I think we are accepted as the normal 
authority in Canada, and all departments 
consult us on this. Other countries consult us 
also.

Senator Thompson: Suppose a private 
industry was developing a mining area such 
as that at Thompson, for example. Would 
you advise it concerning architecture, and 
everything concerned with building comfort
able habitations there?

General Waldock: We are not doing it for 
industry in that context, but we would cer
tainly be prepared to do it if we were 
approached. But, I think industry would go
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first to the National Research Council, 
because they are particularly active in that 
area of building research. Certainly we 
would be happy to give our information in 
this area to anybody who requests it. It is not 
of a particularly classified nature.

Senator Thompson: Well, do we know that 
the information you have derived, and which 
is non-classified, is being used by both indus
try and government bodies concerned with 
the North?

General Waldock: I think this is more in 
your area than mine, Dr. L’Heureux.

Dr. L'Heureux: All of our unclassified 
reports are available to all Government 
departments, universities, and industry.

Senator Thompson: Do you know if they 
are used?

Dr. L'Heureux: Yes, in a number of cases 
they do come to us when they have a specific 
interest, and where we can we advise them.

Senator Yuzyk: Who takes out the patents?

Dr. L'Heureux: If it was the result of work 
that we did then we would take out the 
patent.

Senator Yuzyk: You take out the patent 
yourself?

Dr. L'Heureux: Yes.

—Senator Cameron then took the Chair.

The Acting Chairman: I might just explain 
that Senator Lamontagne has had to leave in 
order to attend another meeting, so I am 
taking his place while he is away.

Are there any further questions?

General Waldock: I am informed that the 
Department of Northern Affairs has a co
ordinating committee on Arctic development, 
to which we contribute.

Senator MacKenzie: Mr. Acting Chairman, 
if there are no further questions I should 
like, on behalf of us all, to thank those who 
have appeared today for the patient way in 
which they have answered our questions, 
even when they were embarrassing. We are 
very grateful to them.

The Acting Chairman: Thank you very 
much.

The committee adjourned.
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FOREWORD

1. Within the Department.of National Defence there are two main agencies 

that are concerned with aspects of scientific research and development falling 

within the order of reference of the Special Committee on Science Policy of the 

Senate of Canada. These are the Defence Research Board and the Chief of 

Technical Services Branch of the Canadian Armed Forces. Both these organizations 

are major parts of Canada's scientific and technological community, spending 

between them on research and development approximately $80 million annually

and employing approximately 700 civilian and 200 military professional 

engineers and scientists.

2. Because of the complexities of identifying the various aspects of R and 

D in these two large organizations, one primarily civilian and the other 

primarily military, this submission is presented in two parts :

Part I - Defence Research Board Activities;

Part II - Armed Forces Activities.

As will be found in the detailed presentation, these two agencies work closely 

together. The format required by the Senate Committee’s "Guidelines for 

Submission of Briefs and Participation in Hearings — Specific guidance for 

agencies of the Federal Government", has been followed in both cases. Each part 

has its own Table of Contents, and Summary.

3. A few difficulties existed in providing some of the detailed information 

requested, partly because of changes accompanying unification of the Armed 

Forces and partly because scientific activities are not always isolated and 

recognizable but undertaken within a department whose primary concern is 

national defence. However, this brief is probably the most detailed and 

accurate unclassified assessment of scientific policies, organization, 

personnel, expenditures, projects and activities ever made for the Department 

of National Defence.

4. At the request of the Deputy Minister of National Defence, the Chairman 

of the Defence Research Board has undertaken to submit the brief with 

assistance from the Chief of Technical Services.
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SUMMARY OF PART I

This part of the Submission deals with the activities of the Defence 

Research Board that are, in essence, concerned with providing scientific 

advice to the Minister of National Defence and support to the Canadian Armed 

Forces. The organizations of the DRB Headquarters and of the Various Research 

Establishments are described, including channels of communication within DND, 

with other Federal agencies, with industry, universities and foreign agencies 

(ANNEX I).

The statutory functions and powers of DRB are stated and the evolution 

of organizational policies and principles are outlined in ANNEX II. Special 

attention is given to the DRB responsibilities vis-a-vis other agencies; the 

history of the Research Satellite Program; Defence Scientific Information 

Service ; the methods used to relate projects to defence needs and to assign 

priorities; and the processes by which the operational effectiveness is 

reviewed and revised. The policies governing intramural program selection, 

the University Grants Program and the Defence Industrial Research program are 

detailed in ANNEX VII.

The functions of the Selection Committee of the DRB are presented along 

with personnel policies which have been evolved. DRB is a "Separate Employer" 

under the Public Service Staff Relations Act. Statistics are given of the 

current establishment and manpower strength with details of the levels of 

education and experience of the professional staff, their bilingual competence 

and rates of turnover (see ANNEX III and ANNEX IV).

Data are presented for both capital and operating expenditures for the 

period 1963-68 in several regions of Canada. Defence problems require 

scientific activities in many geographical environments (see ANNEX IV). Data 

are also given for the period 1963-74 (actual and projected) by function, by 

scientific discipline and by area of application, (see ANNEX VII).
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The following main conclusions are drawn:

(a) DRB has played a very large role in Canada's scientific activities. In 

the early days it was the major supporter of medical research. From 

1962-67 DRB sponsored approximately 500 university projects costing 

$13,100,000. No secret work is sponsored under the University Grants 

Program.

(b) Because of the creation of new scientific agencies and the rapid growth 

of civilian research, the relative impact of DRB's activities is 

decreasing.

(c) Research projects originating in DRB establishments or sponsored by 

DRB are known to have given rise to Canadian production orders close 

to $200,000,000, a large proportion of which has been export trade.

This is equivalent to the costs of the Board's activities for several 

years, entirely apart from its contribution to national security.

From 1962-67 the Defence Industrial Research program sponsored 166 

projects with DIR funding of $28,300,000 and equal amount from industry. 

Several new industrial operations have arisen as a result of DRB's 

programs and support.

(d) DRB's expenditure of approximately $50 million per year is spread 

across Canada but 75% is spent in Ontario and Quebec. In 1967-68 

approximately 70% was spent on intramural projects, 6% in universities 

and 24% in industry (grants and contracts).

(e) DRB has played the leading role in research satellite development in 

Canada and has made it possible for Canada to undertake to develop its 

own civilian satellite communication system.

(f) From 1962-67 the staff published 1600 articles in scientific journals 

and books and 840 internal technical reports. Patent applications were 

filed on 222 discoveries and 159 have been issued. The Defence 

Scientific Information Service acquires, catalogues and disseminates 

between 30,000 and 40,000 documents annually, most of which are 

classified and of foreign origin.
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(g) DRB has been able to attract first-class scientists and engineers 

because of first-class working conditions, personnel policies and 

equipment and exciting projects in the forefront of scientific research. 

Of the professional staff, 34% have Masters degrees and 26% have 

Doctorates. The turn-over rate is low, approximately 5% per year, and 

the "average professional" has been with DRB for 13 years and is

44 years of age. (DRB is 20 years old). Twenty-four per cent have had 

industrial experience; 26% received part of their education abroad, 

and 16% are in primarily executive or administrative positions.

(h) The average age of 44 years is high for a research organization and 

there is a tendency for the staff to become concerned with the problems 

of maturity, i.e., concern for job security, promotion, status, and 

pension plans. Under present restrictions this average age is likely 

to increase which is an unhealthy trend in a research organization.

There are a limited number of senior executive positions and older men 

who fail to occupy such positions sometimes become discouraged. It is 

unlikely that a Canadian scientist under 40 years of age will have had 

military experience, so there is a probability that problems of National 

Defence will be unknown to or disregarded by the oncoming generation of 

young scientists unless they spend a part of their career in a defence 

research establishment.

(i) DRB has just completed a reorganization. Through the introduction of 

program budgeting; emphasis on planning, operations research and 

analysis; and the creation of the posts of Scientific Assistants to 

the senior military officers, DRB is better able to adjust to the needs 

of the unified Canadian Armed Forces, and changing defence and foreign 

policies.

(j) The separation of the responsibility for research and preliminary 

development (DRB) from that for development (CTS Branch of the Armed 

Forces and DOI) and procurement (DDF) presents some problems. This 

division of responsibility for defence R & D between four agencies in 

three Government departments has been unusual in the Western Alliance.
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(k) The Chairman, DRB, advised by the members of the Defence Research Board 

and supported by the activities of the advisory panels and permanent 

staff of its headquarters, its research establishments and its liaison 

network, provides a necessa.ry civilian scientific contribution to the 

deliberations of the Defence Council.

The following recommendations are made:

(l) Increased salaries and soaring equipment costs within a fixed or 

declining budget would reduce the number and extent of projects.

Sooner or later it would be necessary to either increase the funds 

available or close some research establishments. The local economic 

and social implications of staff lay-offs and laboratory closures must 

be anticipated. Consideration should be given to the possibility of 

"forced attrition" by introducing incentives for early retirement and 

by .transfers to other research agencies.

(2) It would be desirable to improve the "portability" of pension plans 

with industry and universities.

(3) Sudden major changes in Government policy and funds should take into 

account the lead time required to make corresponding changes in 

research programs. No major changes in DRB's roles and objectives 

are being planned but may arise, nevertheless, as a result of major 

changes in policies regarding science or defence.
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RESEARCH ACTIVITIES

INTRODUCTION

1. This part of the submission deals with the activities of the Defence 

Research Board that are concerned with providing scientific advice to the 

Minister of National Defence; research requirements of the Canadian Armed 

Forces; contributions to collective defence research efforts of our allies; 

and the support of basic research of defence interest in Canadian universities 

and applied research of defence interest in Canadian industry.

2. The Defence Research Board was established in 1947 by an amendment to

the National Defence Act. Its initial laboratory facilities and staff originated 

in the National Research Council and the Canadian Armed Forces. It is a mission 

oriented research organization and consequently many of its policies, practices 

and organizational structures reflect the need to mesh with military structures.

3. Since its inception the Defence Research Board has been independent of 

the Civil Service Commission (now the Public Service Commission) and has 

developed its own personnel policies suited to the needs of a research 

organization. More recently the Board was given separate employer status under 

the Public Service Staff Relations Act 1967. In practical terms the Defence 

Research Board has the same responsibilities for employment and staffing as

the Public Service Commission, the responsibilities for personnel administration 

exercised by the Treasury Board for the Public Service generally, and for the 

appropriate machinery for collective bargaining. The Defence Research Board 

exercises the responsibility for collective bargaining through the activities 

of two committees — the Bargaining Policy Committee and the Bargaining 

Committee in consultation with the Treasury Board staff.

4. As will be seen in the accompanying Annexes I — IX, the Defence Research 

Board has for twenty years played a major role in advancing fundamental 

scientific discovery, the application of new scientific knowledge and principles 

to the needs of national security and in the technological exploitation of 

these in the national interest with a consequent major impact on industrial 

research and development in Canada.
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ANNEX I - DEFENCE RESEARCH BOARD ORGANIZATION

GENERAL
1. The Defence Research Board operates under Part III of the National 

Defence Act which provides that "there shall be a Defence Research Board, 

which shall carry out such duties in connection with research relating to the 

defence of Canada and development of or improvements in materiel as the 

Minister may assign to it, and shall advise the Minister on all matters 

relating to scientific, technical and other research and development that in 

its opinion may affect national defence".

2. It consists of a Chairman and a Vice-Chairman appointed by the Governor 

in Council and

(i) the President of the National Research Council of Canada;

(ii) the Deputy Minister of National Defence;

(iii) such members as may be appointed by the Minister, as ex officio 

members representing the Canadian Forces; and

(iv) such additional members representative of universities, industry and 

other research interests as the Governor in Council appoints.

3. The current membership is as follows :

Chairman - Dr. R.J. Uffen.

Vice-Chairman - Dr. L.J. L'Heureux.

Ex Officio Members - Dr. W.G. Schneider, President of the National

Research Council.

- Mr. E.B. Armstrong, Deputy Minister of National

Defence.

- Gen. J.V. Allard, Chief of the Defence Staff.

- Lt-Gen. F.R. Sharp, Vice-Chief of the Defence Staff.

- Lt-Gen. L.G.C. Lilley, Chief of Technical Services.
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Members by Appointment

Dr. W.G. Bigelow - Associate Professor of Surgery,

University of Toronto and Senior Surgeon 

and Head, Division of Cardiovascular Surgery, 

Toronto General Hospital.

Dr. H.E. Duckworth - Vice President (Academic), University of 

Manitoba.

Mr. J.D. Moulding " 

Mr. G.W. Hunter

Dr. H.H. Kerr

Dr. A.B. Van Cleave

Prof. M. L'Abbé

Prof. N. LeBlanc

- President and Director, RCA Victor Company Limited.

- Deputy Minister of Defence Production.

- Chairman, Ontario Council of Regents for 

Colleges of Applied Arts and Technology.

- Chairman, Division of Natural Science,

University of Saskatchewan.

- Vice-Rector, University of Montreal.

- Vice-Rector of Laval University.

4. The Chairman is the Chief Executive Officer of the Board and, under the 

direction of the Minister and in accordance with policies approved by the 

Board, is responsible for directing the staff of the Board, exercising general 

control of the business of the Board, supervising the work directed to be 

carried out by the Board, directing the organization, administration and 

operation of the defence research establishments of the Board and performing 

such other duties as the Minister may assign to him.

5. As Scientific Adviser to the Minister of National Defence, the Chairman 

of the Defence Research Board is a member of the Defence Council and is thus 

able to bring to bear on major policy and plans all the scientific and 

technical knowledge that is available.

6. The Vice-Chairman acts as Chairman in the absence of the Chairman and 

performs such other duties as the Chairman may assign to him. These include 

representing CDRB at Defence Staff Meetings, Chairmanship of the Program

29099—5
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Review Group (see Annex II), coordinating the activities of the two Deputy 

Chairmen, overseeing the day-to-day operations of the Board and, in general, 

assisting the Chairman in the discharge of his responsibilities.

7. The Deputy Chairman (Operations) assists the Chairman in carrying out his 
duties with particular reference to personnel, logistics and finance; public 

and scientific information; security, and administration of defence industrial 

and university grant funds.

8. The Deputy Chairman (Scientific) assists the Chairman in carrying out his 
duties with particular reference to planning, evaluation and reviewing of the 

scientific program, the provision of scientific support to the Canadian Forces, 

and international activities.

9. The Research Establishments of the Board are the scientific units which 
conduct research in various selected fields of Canadian defence interest. The 

major portion of their program is concerned with applied research and 

exploratory development addressed to both current and future problems and 

requirements of the Canadian Forces, the performance of tests and evaluations 

as well as the modification and fabrication of experimental equipment, 

components or procedures for the Armed Forces upon request. By these means 

the Board maintains groups of expert scientists and technologists to provide 

scientific advice and support to the Minister and the Canadian Forces.

Organizational block diagrams are attached (Appendices A, B and C).

CHANNELS OF COMMUNICATION
10. The composition of the Defence Research Board ensures that formal 

channels of communication are maintained with the other components of the 

Department of National Defence, with the National Research Council, with the 

Department of Defence Production (a senior staff member being, by custom, an 

appointed member) and with universities, industry and other research agencies.

11. Additional channels of communication between the Board and extramural 

agencies are provided through an advisory committee structure designed to
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advise the Board on research activities in the various fields of pure and 

applied science where developments of interest to defence may occur. Serving 

as members of these committees are university professors, representatives of 

the Canadian Forces, appropriate government departments and agencies, and other 

scientists expert in the fields under reference.

Appendix D is a block diagram showing the channels of communication.

UNITS RESPONSIBLE FOR SCIENTIFIC ACTIVITIES
12. The research establishments of the Board are the main units responsible 

for scientific activities. Notes on the individual establishments follow, with 

organizational charts at Appendices E - L.

The Defence Research Establishment Atlantic, Dartmouth, N.S. (Appendix E)

13. The Defence Research Establishment Atlantic (DREA) is concerned primarily 

with research related to problems of anti-submarine defence in the North 

Atlantic including underwater acoustics, signal processing, and transducer 

research and hydrodynamics. In addition, DREA provides certain dockyard 

laboratory services for the Canadian Maritime Forces.

The Canadian Armament Research and Development Establishment, Valcartier, P.Q.
(Appendix F)

14. The Canadian Armament Research and Development Establishment (CARDE) is 

concerned with research in the fields of armament, night vision aids and 

detection devices, propellants and explosives, aerospace research and weapons 

systems analysis. Its role involves close links with the Canadian Armed 

Forces, and a substantial number of Service personnel are attached to the 

Establishment.

The Defence Research Analysis Establishment, Ottawa, Ontario. (Appendix G)

15. The Defence Research Analysis Establishment (DRAE) of the Defence 

Research Board is also a division of Canadian Forces Headquarters and is 

staffed by both Defence Research Board scientists and military officers. 

Operational research scientists, working under the general supervision of DRAE, 

are also located at the headquarters of some Canadian Forces Commands.

29099—5à
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16. The work of DRAE includes the analysis of strategic problems, 

investigations of maritime, land, and tactical air operations and equipments, 

analytical studies of North American defence questions, and studies of problems 

concerning the deployment and utilization of military personnel, programming, 

and logistics. In addition, DRAE plays an active role in the planning and 

analysis of various exercises and field trials, and provides certain 

statistical and mathematical services to the Canadian Forces.

The Defence Chemical, Biological and Radiation Establishment, Shirley Bay, 

Ontario. (Appendix H)

17. Activities at the Defence Chemical, Biological and Radiation 

Establishment (DCBRE) consists of research into the defensive aspects of 

biological, chemical and nuclear warfare, and investigation of electrical 

power sources (which include batteries, fuel cells, thermionic and 

thermoelectric devices but not conventional generating systems) and related

The Defence Research Telecommunications Establishment, Shirley Bay, Ontario.

(Appendix I)

18. The Defence Research Telecommunications Establishment (DRTE) is, as its 

name implies, concerned with telecommunications. For this purpose it must be 

highly expert in electronics and the behaviour of radio waves in various media. 

In the field of electronics, applied research and instrumentation are combined 

with fundamental investigations into solid-state physics, and with studies of 

electronic circuits and circuit elements. The communications program is 

concerned primarily with applied research in radio wave propagation, 

communications and radar systems, and signal detection. Radio physics studies 

deal mainly with the physical processes in the upper atmosphere that affect 

radio propagation.

19. The Defence Research Board's satellite program has been a special 

feature of DRTE's activities in recent years.

The Defence Research Establishment Toronto, Downsview, Ontario. (Appendix j)

20. The research program of the Defence Research Establishment Toronto (DRET) 

is concerned with the factors involved in the efficient performance of healthy
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servicemen in various adverse operational military environments. Broadly, the 

role of DRET is to measure and understand the particular capabilities and 

limitations of human beings which are of special significance in military 

environments, and to promote recognition of these variables in the design of 

military equipment and the formulation of training and operational procedures. 

Its applied research work is supported by a program of closely related 

fundamental research.

The Defence Research Establishment Suffi eld, Ralston, Alberta. (Appendix K)

21. Defence Research Establishment Suffield (DRES) consists of a central 

laboratory and associated facilities, together with a secure test area of 

1,000 square miles with access roads, communications systems, and power 

supplies. The Establishment conducts basic and applied research on problems 

concerned with defence against biological, chemical, and nuclear warfare.

The programs of DCBRE and DRES are complementary and closely coordinated.

The Defence Research Establishment Pacific, Esquimalt, B.C. (Appendix L)

22. The Defence Research Establishment Pacific (DREP) is primarily engaged 

in research leading to improved methods for the detection of submerged 

submarines with special reference to Pacific Ocean conditions. The effort is 

mainly distributed among three fields of physical research — underwater 

acoustics, low-frequency electromagnetics, and fluid dynamics. It also 

provides scientific and engineering consultative services and assistance to 

Maritime Forces on the Pacific coast.

Formal Agreements with Foreign Agencies
23. The Defence Research Board is formally involved with foreign countries 

and foreign defence science agencies as the designated representatives of the 

DND in some cases and as a signatory in others. A brief description of the 

various agreements follows.

(a) North Atlantic Treaty Organization (NATO), The Department’s scientific 

activities under the NATO agreement are primarily carried out by 

scientists of the Defence Research Board (DRB) who participate on 

behalf of the Department in defence science meetings, studies and

seminars in collaboration with the defence scientists of other NATO
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nations. In particular, DRB supports the NATO Defence Research Group 

and its panels, the SHAPE Technical Centre, the SACLANT Anti-Submarine 

Warfare Research Centre and the Advisory Group for Aerospace Research 

and Development (AGARD).

(b) Bipartite Agreements with NATO Nations. DRB has bipartite agreements 

for the exchange of defence science information with Norway, the 

Netherlands, West Germany, Greece, France and Denmark. These 

agreements are almost identical in wording and are primarily aimed at 

facilitating the exchange of information and simplifying the procedure 

for defence liaison visits by scientists.

(c) The Technical Cooperation Program (TTCP). This program is based upon 

an agreement between Canada, the United States, Britain and Australia 

to collaborate in defence science with the aim of improving their 

combined efficiency and minimizing duplication of effort. DRB has the 

primary responsibility on behalf of the Department for operating the 

program. The activities are divided into specialist groups covering 

the various fields of common defence interest.

(d) The Defence Research Board/Royal Canadian Air Force/United States Air 

Force (DRB/RCAF/USAF) Agreement. This agreement, signed December 1958, 

facilitates the exchange of defence science information between the 

Department and the USAF.

(e) The Commonwealth Defence Science Organization (CDSO). This organization, 

which was established shortly after World War II, is the basis for 

exchange of defence science information between the countries of the 

Commonwealth. Its activities include exchange of documents, seminars 

and collaborative projects. DRB represents the Department and provides

a member to the central committee in London, England.

(f) The Defence Research Board/National Aeronautics Space Administration 

(DRB/NASA) Agreement. This agreement covers the collaboration between 

the Defence Research Telecommunications Establishment (DRTE) of DRB
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and- NASA for launching and subsequent operation of the Alouette and 

Internationa] Satellite for Ionospheric Studies (ISIS) satellites.

(g) The Canadian A manient Research and Develofmml Establishment/Advanced 

Research Projects Agency (CARDE/ARPA) Agre<>mcnt. This agreement covers 

the collaboration between CARDE of DRB and ARVA on that part of CARDE1s 

program which is related to defence against ballistic missile attack of 

North America.

(h) Initial Defense Communications Satellite Project (IDCSP). This 

agreement covers collaboration between DRTE and the US Army under which 

DRTE is permitted to make use of US military communications research 

satellites in conjunction with Canadian developed ground equipment for 

research purposes.

Offices in Other Countries
24. Since its inception, the Defence Research Board has maintained liaison 

offices in the United Kingdom (London) and U.S.A. (Washington, D.C.). 

Originally integral parts of the Canadian Joint Staffs, they were separated 

in late 1965 and redesignated "Canadian Defence Research Staff" with the 

Chief in each case having the following duties :

(i) to act generally as the agent of the Chairman of the Defence

Research Board in conducting liaison with the appropriate authorities 

on defence research and development in his country of assignment;

(ii) to act as defence research adviser to the Canadian High Commissioner 

in the United Kingdom and to the Canadian Ambassador in the United 

States ;

(ill) to obtain documentary information of a scientific and technical 

nature required by the Defence Scientific Information Service on 

behalf of the Chief of the Defence Staff as well as the Defence 

Research Board;

(iv) to assist as required in any other local negotiations in the interest

of the Defence Research Board.
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25. In mid-1965, in order to develop and systematize contacts and 

relationships with a number of laboratories in France concerned with defence 

research matters, the post of "Defence Research Attache" was created on the 

staff of the Canadian Ambassador of France. It is the duty of the Defence 

Research Attache to further the objectives of the Defence Research Board 

through personal contact with French defence research laboratories, to keep 

Defence Research Board headquarters and establishments informed of programs 

and projects in which there appears to be a mutual interest, and to foster 

exchange of information through visits, correspondence and scientific reports.
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APPENDIX M - ANNEX I 
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ANNEX II - ORGANIZATIONAL FUNCTIONS

STATUTORY FUNCTIONS
1. The statutory functions and powers of the Defence Research Board are 

contained in Part III (Section 53, 54 and 55) of the National Defence Act 

which is reproduced as Appendix A.

2. Briefly, the functions of the Board are "to carry out such duties in 

connection with research relating to the defence of Canada and development of 

or improvements in materiel as the Minister of National Defence may assign to 

it, and to advise him on all matters relating to scientific, technical and 

other research and development that in its opinion may affect national 

defence".

EVOLUTION OF ORGANIZATIONAL POLICIES AND PRINCIPLES
3. Immediately following the cessation of hostilities in 1945 consideration 

was given to the problems of organizing government scientific research in 

peacetime. In 1939 the National Research Council had one laboratory and a 

staff of 300; by the end of the war it had nearly 2,000 employees working in 

21 laboratories, engaged almost entirely in military research at the expense 

of fundamental research and problems important to the civilian economy.

4. The then President of the National Research Council, Dr. C.J. Mackenzie, 

stated that in his view both civilian and military research were major fields 

in themselves and that each required the full attention of a top directing 

staff. He felt that if NRC took on the additional responsibility for military 

research either the civilian or military aspect of its work would be neglected. 

He also pointed out that in matters of military research user knowledge was 

important and could only come from the Forces themselves. He urged that the 

Council should not be asked to continue to carry out military research.

5. Agreement was reached in 1946 that defence research should be the 

function of an agency within the Department of National Defence and that the 

effort should be closely related to the scientific work of a similar nature 

being done in Britain and the United States. The Defence Research Board came
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into being and took over direction of the majority of military research 

establishments being operated by the Navy, Army and Air Force. In relation 

to Britain and the United States it was understood that Canadian research 

should be concentrated in certain special fields where Canada, by virtue of 

her climate, geography, industrial capacity or unique experience and 

facilities would be able#to make the most effective contribution to the 

common scientific effort.

6. In the period since 1946 the Board's organizational policies have been 

the subject of frequent review, revision and restatement. However, certain 

basic principles have stood the tests of time and experience and have 

remained unchanged.

7. One of the most important principles is that the scientific quality of 

its work and its staff must not be compromised. Every effort is made to 

employ only first class scientists of proven ability and to give them first 

class equipment and facilities with which to work. In the face of severe 

competition in recruiting DRB must ensure good working conditions with 

competitive salaries and be able to offer attractive careers in both research 

and administration.

8. These principles were recognized during its creation and the Board was 

given freedom, flexibility and independence in the selection and personnel 

management of its staff within the limits of a personnel establishment 

approved by Treasury Board.

9. The Board also recognizes a number of principles which are applicable 

whenever decisions are made on the nature, scope and magnitude of its research 

programs whether carried out within the Board's establishments or extramurally 

in universities and industry. The first of these is that its advisory and 

supporting role to the Minister and the Forces is its primary and major 

responsibility, contributing to the collective efforts of our allies in 

defence research comes second, and the support of university and industrial 

research related to defence comes third. However, another important principle 

is that the proper balance between long-term and short-term programs must be
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maintained. It is important that the Board foresee future scientific and 

technological development by keeping Canadian defence science in the forefront 

of advances to new knowledge. Its attention must therefore not be concentrated 

entirely on current problems, or even on the clearly apparent problems of the 

immediate future. Short-term requirements of obvious defence interest must be 

weighed against longer-term — or perhaps more basic — research, and both must 

be matched against available resources.

10. In 1967 policy concerning the operations of the Board was critically and 

thoroughly reviewed. The outcome was the adoption of a policy of decentral

ization by which the responsibilities for program implementation and 

associated staff duties were transferred from headquarters to the establish

ments while retaining the responsibilities for program planning and review, 

military support planning, and personnel and financial management in 

headquarters.

11. These changes were made to accomplish several purposes. One purpose 

was to develop closer links between DRB and the Services at both the higher 

"management" levels and the working scientist level. Two benefits are 

expected — our scientific support to the Services will be strengthened and 

conversely the needs of the Services will become better known at all levels 

within DRB — but particularly in the laboratories where ideas and work will be 

influenced. In other words we want our scientists to be familiar with 

military problems, attitudes and thinking so that they will be defence 

scientists, rather than just scientists in a defence establishment. A second 

purpose was to free headquarters management and its staff from the concerns

of daily operations to concentrate on the policy and planning aspects of 

DRB's scientific program and its support to the Services. A third purpose 

was to ensure strong scientific and technological links from establishments 

to universities and to industry. Finally, it would provide better career 

opportunities for scientists and make more effective use of available 

resources to meet DRB obligations.
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DRB FUNCTIONS AND RESPONSIBILITIES VIS-A-VIS OTHER ORGANIZATIONS
12. In Relation to Other Federal Agencies. While the Board has no statutory 

functions or responsibilities in relation to other Federal departments and 

agencies its policy is to provide reciprocal assistance by making available 

to such agencies both its particular scientific and technological expertise 

and the services of its research facilities.

13. In the matter of facilities the laboratories of the Board are extremely 

well equipped and some are fortunate enough to possess facilities which are 

unique in Canada. Examples of such include the CARDE Hypersonic Ranges, the 

DREA Acoustic Calibration Facility, the DRET Diving Unit, and the DRES Shock 

and Blast Laboratory. Added to this is the fact that in some instances the 

geographic location of the laboratories make them particularly well suited to 

certain types of investigation — as in the case of the Defence Research 

Establishment Suffield with its 1,000 square miles of test area.

14. With the facilities at its disposal and its acknowledged expertise in 

certain fields the Board is well equipped to provide assistance, and over the 

years requests for assistance have been many and varied. A few examples 

follow which illustrate the kinds of assistance provided in the past.

(a) Department of Industry and former Department of Defence Production. 

During the past two years an increasing number of instances have 

occurred when the Canadian Armament Research and Development Establish

ment (CARDE) assistance has been sought by the Department of Defence 

Production (DDP) in connection with problems associated with the 

industrial production of various types of ammunition. This 

investigative work has on occasion involved production orders in excess 

of a million dollars. Approximately two professional man years for 

each of the past two years has been involved in this work — an effort 

extremely small in relation to the resultant production savings.

(b) Department of Transport. A continuing requirement exists to increase 

wherever possible the efficiency of the operation of ships in both 

Canadian defence and in general government service. As the solution
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to many such problems is frequently provided by the application of 

human engineering principles, the assistance of the human engineering 

group at the Defence Research Establishment Toronto (DRET) is frequently 

sought, particularly by the Department of Transport.

For example, during the past six years a machinery and control 

room and two major bridge mockups have been produced by DRET to 

demonstrate the incorporation of such principles in facilities for ship 

operation and control. As a result of this work a bridge layout for 

all equipment for a GP frigate was accepted by the RCN and led to 

similar work and acceptance of design for Coast Guard icebreakers.

The designs have also been used in over a hundred US ships.

(c) Department of Energy Mines and Resources. For many years the Defence 

Research Establishment Atlantic (DREA) has been concerned with the 

calibration and repair of bathythermographs for various government 

agencies and universities. In 1967, agencies included the Great Lakes 

Institute, Province of Quebec and the Atlantic Oceanography Laboratory 

of the Bedford Institute of the Department of Energy Mines and 

Resources.

Another DREA facility of which extensive use is made by other 

agencies is the FP-6000 computer system. During 1965 approximately 

18% of the available DREA computer time was devoted to the Bedford 

Institute’s computations.

15. Just as it is the policy of the Board to provide assistance to other 

departments so it is also the policy to obtain assistance from them. For 

although DRB has built up a significant scientific and technological 

capability it has not itself attempted, nor is it desirable that it should 

attempt, to undertake all research aspects of every project for which military 

requirements call. Instead it has endeavoured to utilize such expertise and 

facilities as already exist in other federal departments, agencies and the 

universities. In such cases where arrangements are made to utilize a facility 

outside DRB, the Board retains responsibility for arranging and coordinating 

such support, and for the overall direction of the project.
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16. The agency with which DRB has been in close association over the 

longest period has undoubtedly been the National Research Council, which prior 

to the establishment of DRB played the major part in Canadian defence science,. 

Although the Council's responsibilities in the area ceased with the creation 

of DRB there are still a few areas such as aeronautics, hydrodynamics and 

magnetics in which it provides the Board with advice and assistance in respect 

both of direct support of military requirements, and of certain aspects of the 

Board's long-term intramural basic research programs. Frequent use is also 

made of the Department of Energy, Mines and Resources in a number of fields 

such as materials, in which that organization has the primary competence, and 

in such areas as geophysics, oceanography, and nuclear science where the 

advice and assistance of this Department is also of great value to us. Other 

government departments and agencies which provide assistance in support of 

military requirements, include the Department of Transport, the Department of 

Agriculture, the Department of National Health and Welfare, the National 

Aeronautical Establishment, the Fisheries Research Board, and Atomic Energy of 

Canada Limited.

17. In Relation to Industry. The Board's policy with respect to industry is 

one of collaboration and assistance wherever possible. Liaison with industry 

is maintained at all levels from the Board itself down to the scientists at 

the laboratory bench. The Board's establishments augment their intramural 

research projects by means of research contracts* with industrial research 

laboratories. In the period 1962/63 to 1967/68 DRB has spent $20.4 million 

on research contracts with industrial firms. This does not include the 

Electronic Components Research and Development program administered by DRB 

and funded jointly by DRB and the Canadian Forces which has involved the 

spending of $11.5 million on research and development contracts in the same

* There is a distinction to be noted between industrial research contracts 

and grants for industrial research. The research being done under contract 

is formulated, directed and controlled by DRB and is needed to augment its 

intramural program. Grant research projects are formulated, directed and 

controlled by industrial scientists and are not necessarily related to 

intramural programs. DRB's role is confined to technical advice and 

financial support.
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period. The Defence Industrial Research grants program and the Research 

Satellite Program expenditures are excluded also (See Annex VI).

18. While it is not a statutory function of the Board to provide scientific 

and technical advice to industry, nevertheless the Board does so whenever 

there are significant defence implications and the priorities of the research 

program permit. An example is the support provided industry in the manufacture 

of Black Brant Rockets which were originally designed and produced at CARDE. 

Another example is the production of the ISIS-A satellite by RCA Victor under 

contract with the objective of transferring know-how in satellite design and 

fabrication to industry. A brief description of the Research Satellite 

Program showing DRB's role is attached as Appendix B. A third example is the 

close collaboration of the Power Sources Section of DCBRE with the battery 

industry with the objective of enabling Canadian industry to produce the more 

efficient and longer-lived batteries so essential to defence equipment of all

19. In Relation to Educational Institutions. The Board has, of course, no 

statutory responsibility or function relating to the support of educational 

institutions. It does, however, have a direct interest in obtaining the good 

will and assistance of scientists who are members of university staffs and is 

authorized under the National Defence Act to make grants in aid of research to 

university staff members to undertake research projects of defence interest. 

Many of the university staff serve the Board gratuitously as members of its 

advisory committees and panels. Approximately $30 million were spent on the 

university grants program between 1947 and 1968; the funding level rose from 

$0.3 million in 1948 to a funding level of approximately $1.6 million in 

1960/61, was roughly $2 million for 1962-66 and has been about $3 million 

since then.

20. The Board is also interested in employing scientists of the highest 

calibre. To foster an interest in accepting employment with the Board, 

upwards of one hundred selected undergraduate and graduate students work in 

the Board’s establishments each year during the academic summer vacation.

This program has been successful as many have joined the Board after graduation
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or postgraduate training. The National Defence Act authorizes DRB to 

establish scholarships for the education and training of persons to qualify 

them to engage in such research.

21. «As is the case with industry, the Board's establishments augment their 

intramural research projects by entering into research contracts with 

scientists working in their own university laboratories. In the years 1962/63 

to 1967/68 approximately $9.6 million has been spent for university research 

contracts, in addition to approximately $960,000 for university research 

contracts under the Electronic Components Research and Development program.

22. In Relation to Foreign Scientific Activities. The Board's responsibilities 

regarding international scientific activities were described earlier in

Annex I. These are discharged by participation in the work of committees, 

panels, working groups, etc. The representatives on such bodies are drawn 

from establishments, except in the case of some senior bodies on which the 

representatives are senior headquarters officers. The representatives are 

responsible for monitoring the scientific activities in their fields of 

interest and for making their knowledge available to all those who have an 

interest.

INTERNAL REVIEW PROCESSES
23. Broad policies of the Defence Research Board (which relate to science 

and internal operations) are determined by the Chairman in consultation with 

the Minister of National Defence, Members of the Defence Research Board,

Senior DRB officers (at Headquarters and Establishments), and Senior Officers 

of the Canadian Armed Forces.

24. Within the established broad policies, a senior staff at Headquarters 

and five committees advise and/or make recommendations to the Chairman on 

matters dealing with operational effectiveness, duties, and goals.

25. More specifically, the Headquarters staff is divided into two main 

groups. The first group being under a Deputy Chairman (Scientific) and 

responsible for development of defence science policy, program planning and
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review, and military liaison. Essentially, this group reviews the goals and 

effectiveness of the scientific program and m$kes recommendations on revisions 

either directly to the Chairman or through the Program Review Group (see 

para. 27).

26. The second group is under a Deputy Chairman (Operations) and is 

responsible for ensuring that the finances, personnel, and other resources are 

available and employed to their maximum effectiveness in accordance with agreed 

program priorities. The availability and disposition of all the Board's 

resources are accounted for and displayed; hence if changes have to be made

in the program, the feasibility and implications of these changes in resource 

allocation are clear and self-evident. Internal operating procedures of the 

research establishments are the responsibility of each establishment 

Director-General (which is in keeping with DRB's decentralization concept); 

however, these procedures are monitored by this second group to ensure that 

they are effective, and within the general concepts and policies of accounting 

and control established (and updated) by headquarters.

27. The five committees which advise the Chairman on operational 

effectiveness, duties, and goals are:

(a) Defence Research Council — considers general matters regarding policy, 

plans, and programs. It consists of the Chairman, Vice-Chairman, 

Directors-General of the establishments, and senior officers at 

headquarters.

(b) Program Review Group — in order to advise and make recommendations

to the Chairman, the Group keeps the scientific program, organization, 

and operations under continual review with the object of maintaining 

a balanced and relevant program; ensures the resources of manpower 

and money are allocated in accordance with approved policy, plans, 

priorities, and budgetary limits; conducts periodic examinations of 

resources required for future years in accordance with the long range 

defence science policy. The Program Review Group is composed of the 

VC/DRB (Chairman), the two Deputy Chairmen, CPlans, Comptroller,

SA/VCDS, SA/CTS and SA/CP.
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(c) Personnel Committee — considers ail aspects and factors affecting the 

whole sphere of personnel management ; advise» on promotions, postings, 

and careers of scientific officers. The members of the Personnel 

Committee are DC(O) (Chairman), DC(Sc), Compt, CofP and CPlans.

(d) University Grants Review Committee — considers all matters affecting 

the University Grants Program; reviews and recommends on allocation 

of funds, (See Annex VII for Membership).

(e) Advisory Committee on Defence Industrial Research — considers all 

aspects of the defence industrial research grants program and 

recommends the awarding of grants. (See Annex VII for Membership).

COMMISSIONED OUTSIDE STUDIES OF OPERATING PROCEDURES
28. Two studies were commissioned outside DRB as follows:

(a) September 1963. Management Analysis Division, Civil Service Commission. 

Survey of Personnel Records of the Defence Research Board.

(b) March 1968. Stevenson and Kellogg Ltd., Montreal. Job Evaluation and 

Wage Study for the CARDE Workshops.

RELATIONSHIP BETWEEN THE BOARD'S RESPONSIBILITIES AND ITS ACTIVITIES
29. Stated simply and concisely DRB’s primary objective is to provide 

scientific advice and support to the Minister and the Armed Forces. The 

following derived and secondary objectives are currently recognized :

— to carry out research in scientific fields relevant to defence,

— to carry out applied research and exploratory development to meet the 

needs of the Armed Forces,

— to perform tests and evaluations and to modify or fabricate equipment, 

components and procedures of the Armed Forces upon request,

— to maintain an awareness in Universities of defence interests and 

requirements,

— to support applied defence research in Canadian industry,
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— to provide a central and national defence scientific information service,

— to maximise the exchange of defence scientific information between Canada 

and its Allies.

— to assist other Federal Departments on request.

30. The work DRB does to meet all these objectives can be displayed under 

five activities as follows:

(i) Defence Research and Preliminary Development

This activity embraces all critical and exhaustive scientific studies, 

enquiries and investigations primarily necessary for the discovery 

and interpretation of new facts and the application of these to the 

design of improved materials, equipment or processes and to the 

solution of other practical problems.

(ii) Direct Technological and Analytical Support to Canadian Armed Forces 

This activity consists of all scientific and technological activities 

exclusive of research and information services, which are performed 

primarily in support of operational commands and units and technical 

branches of the Canadian Forces and other Federal Departments. It 

also includes the support given to the Armed Forces by the Defence 

Research Analysis Establishment.

(Hi) Defence Scientific Liaison and Information Services

This activity consists of all work carried out to exchange scientific 

and technical information by means other than scientific studies, 

enquiries, and investigations, e.g. DSIS, the London and Washington 

Offices of DRB. (Appendix C describes briefly the functions of DSIS).

dv) Stimulation and Support of Defence Oriented Research

This covers all the resources allocated to the creation and 

maintenance of defence research interests and capabilities in 

universities and industry.
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(v) Central Administration

This activity embraces central management and its branches, including 

personnel services and administration.

31. The intramural scientific programs and projects are represented by the 

first two activities except for DRB's special assignment to assist in the 

development and construction of ionospheric satellites by industry. The five 

activities form the basis of an analytical and planning method being developed 

by DRB in the application of the Planning-Programming-Budgeting approach to 

the allocation of its resources. Appendix D is an elaboration of Activity 1 

which may be of interest.

HINDRANCES TO THE EFFECTIVE DISCHARGE OF DRB RESPONSIBILITIES
32. There are many intrinsic difficulties associated with research, such as 

the uncertainty of the nature and significance of future progress in science 

and technology, the impacts of technological and economic changes, etc.

These will always be with us and will not be dealt with in this section. 

Hindrances, on the other hand, may be considered as obstacles imposed by 

circumstances or external factors which are beyond the Board's control. This 

is the sense in which the term hindrance is used in this section.

33. DRB's responsibility is to provide effective advice and support to the 

Minister and the Canadian Forces. To be effective its advice and support must 

be relevant to their needs and available when needed i.e. timely.

34. The time between the initiation of research and the realization of its 

benefits is measured in years. Hence the ability to anticipate defence needs 

some years from now is a critical factor in the selection of research programs 

and projects. Having selected the programs and projects it is essential that 

adequate resources be available if the results are to be timely.

35. In order to select the research areas of greatest relevance and 

importance 5-10 years from now, one must assume, with some reasonable degree 

of confidence, what the roles and missions of the Canadian Forces will be

at that time. These are, of course, critically dependent on Canada's foreign

29099—7
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policies and defence commitments (e.g. its future roles in NATO, UN peace

keeping, etc.) for these will determine to a large extent both the equipment 

the Forces will require and the natural, sociological and political 

environments in which they may be required to operate. Furthermore, these 

will determine which nations will be our future allies and also our present 

allies' attitudes towards sharing their defence research information with us. 

This latter point is an important factor in selecting research areas in which 

Canada should be active. The reason is that, having limited resources in 

comparison with those of our major allies, we have to concentrate our efforts 

in those areas which are of greatest importance to Canadian defence and of 

major importance to our allies so that we may obtain information in return 

for ours.

36. Although official statements of government policy concerning external 

affairs and defence have existed during the period under review, it is well 

known that these have been subject to repetitive questioning and review both 

within the government and outside it. This has created considerable 

uncertainty for those whose work must be planned and conducted so as to come 

to fruition in 10-15 years' time. It should not be surprising therefore that 

the air of uncertainty regarding future governmental defence policies and the 

future roles and missions of the Canadian Forces, and the relative priorities 

of such roles, has made program planning and project selection in DRB quite 

difficult.

37. The problems created by the uncertain future Canadian defence posture 

have been compounded by the stringent budgetary restraints placed on the 

Department as a whole. The escalation of costs has had two effects relevant 

to DRB. It has resulted in a continuing decline in the funds available to 

the Forces for development and the effect of this is that DRB cannot be sure 

that, even if its applied research is successful, the Forces will be able to 

exploit it. This is a serious hindrance in project selection. The restraints 

and cost escalations have also applied to DRB's own operations. Increased 

salaries and high equipment costs are reducing the number and extent of 

projects. In fact DRB's financial ceiling has prevented it from recruiting

to its manpower ceiling. Sudden major changes in Government policy and
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restrictions and cut-backs in available funds have not taken into account the 

lead time required to make corresponding changes in the research program.

38. A circumstantial hindrance to our effectiveness is the shortage of 

suitable professional recruits. Such shortages tend to show up more acutely 

in certain fields. At several establishments a lack of applied mathematicians 

and senior computer programmers in Canada has impeded work for as long as a 

year or two. In the past year five experimental psychologists and sociologists 

have been sought for one establishment and not one suitable person has been 

recruited. Several years ago the progress of a research program was 

threatened by the inability to hire sufficient experienced hydrodynamicists.

39. The qualifications of professional staff are a hindrance when it comes 

to changing research programs. One cannot switch professionals qualified in 

one field to an unrelated field (e.g. chemists to electronics) and this is a 

severe restraint on the extent and rapidity of execution of internal program 

changes.

40. The responsibility for the timely prosecution of research projects 

should carry with it the freedom to adjust the allocation and expenditure of 

resources to make optimum use of them as circumstances change. DRB’s 

operational flexibility has been hindered by rules imposed by other agencies 

such as Treasury Board. For example funds cannot be transferred from one 

research establishment to another without TB approval, or again funds allocated 

for salary purposes cannot be used for other purposes. However with the 

advent of the Planning-Programming-Budgeting System there are signs that the 

situation will improve.

41. Another hindrance is a result of the government designation of a 

separate department as the purchasing agent for the Department of National 

Defence. This imposes a middleman between DRB and the seller and often 

creates serious delays in purchasing of urgently-needed equipment and 

beginning contract research in industry and universities. Rules and 

procedures that are suitable for purchase of market-place commodities are not 

suited for the purchase of sophisticated scientific equipment or contracting 

to have research done by other agencies.

29099—7à
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MAJOR CHANGES IN DRB ROLES AND OBJECTIVES 1969-1974
42. No major changes in DRB's roles and objectives are being planned but may 

arise, nevertheless, as a result of major changes in Government policies 

regarding science or defence. Major shifts in emphasis and resource 

allocations among programs and projects are, of course, different matters and 

are a natural outcome of the internal review processes described in paragraph

20.
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APPENDIX A - ANNEX II

OFFICE CONSOLIDATION OF PART III, NATIONAL DEFENCE ACT (AS AMENDED TO 1967)

Authorities: Revised Statutes of Canada, 1952, Chapter 184
Statutes of Canada 1950, c. 43; 1964-65, c. 21; 1966-67, 
c. 26, s. 13

THE DEFENCE RESEARCH BOARD
53. (1) There shall be a Defence Research Board, which shall carry out such

duties in connection with research relating to the defence of Canada and 

development of or improvements in materiel as the Minister may assign to it, 

and shall advise the Minister on all matters relating to scientific, technical, 

and other research and development that in its opinion may affect national 

defence.

(2) The Defence Research Board consists of a Chairman and a Vice-Chairman, 

appointed by the Governor in Council, and

(a) the President of the National Research Council of Canada;

1966-67, c. 26, s. 13

(b) the Deputy Minister of National Defence;

(c) such members as may be appointed by the Minister, as ex officio members 

representing the Canadian Forces ; and

(d) such additional members representative of universities, industry and 

other research interests as the Governor in Council appoints.

1964-65, c. 21, s. 3

(3) The Chairman and Vice-Chairman hold office during pleasure, and 

shall be paid such salaries as the Governor in Council determines.

(4) The members of the Defence Research Board, other than the Chairman, 

Vice-Chairman or the ex officio members, hold office for a period not
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exceeding three years but are eligible for re-appointment, and shall be paid 

such remuneration, if any, as the Governor in Council determines.

(5) Each member shall be paid his travelling and other expenses incurred 

in connection with the work of the Defence Research Board.

(6) The Chairman is the chief executive officer of the Defence Research 

Board and, under the direction of the Minister and in accordance with policies 

approved by the Board, shall oversee and direct the officers, clerks and 

employees of the Board, have general control of the business of the Board, 

have supervision over the work directed to be carried out by the Board, be 

charged with the organization, administration and operation of the defence 

establishments of the Board and perform such other duties as the Minister may 

assign to him.

(7) The Vice-Chairman shall perform such duties as may be assigned to 

him under the by-laws made by the Defence Research Board.

54. The Defence Research Board may, with the approval of the Minister,

(a) Notwithstanding the Civil Service Act or any other section of this Act 

or any other statute or law, appoint and employ the professional, 

scientific, technical, clerical and other employees required to carry 

out efficiently the duties of the Board, prescribe their duties and, 

subject to the approval of the Governor in Council, prescribe their 

terms of appointment and service and fix their remuneration;

(b) make by-laws or rules for the regulation of its proceedings and for the 

performance of its functions ;

(c) enter into contracts in the name of Her Majesty for research and 

investigations with respect only to matters relating to defence ; and

(d) make grants in aid of research and investigations with respect only to 

matters relating to defence and establish scholarships for the education 

or training of persons to qualify them to engage in such research and 

investigations. 1950, c. 43, s. 54.
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55. (1) All expenses of the Defence Research Board shall be paid out of

moneys appropriated by Parliament for the purpose or received by the Board 

through the conduct of its operations, bequests, donations or otherwise and 

shall be paid by the Minister of Finance on the requisition of the Minister.

(2) The Minister may request the Minister of Finance to allocate any 

portion of the moneys appropriated by Parliament for the purposes of the 

Defence Research Board for scholarships or grants in aid of research and 

investigations, and thereupon the Minister of Finance shall hold that portion 

of the moneys in trust and may at any time on the requisition of the Minister 

disburse that portion of the moneys for scholarships or grants in aid of 

research and investigations.

(3) Any moneys allocated by the Minister of Finance under this section 

that, in the opinion of the Minister, are not required for the purpose for 

which they were allocated shall cease to be held in trust. 1950, c. 43, s. 55.
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APPENDIX B - ANNEX II

HISTORY AND AIMS OF THE RESEARCH SATELLITE PROGRAM

1. Shortly before the launch of Alouette I, the US suggested to Canada that 

a joint US/Canadian program of ionospheric research using satellites should be 

arranged. This suggestion resulted in a memorandum to the Cabinet by the 

Minister of National Defence entitled "Ionosphere Monitor Satellite Program" 

dated 7 January, 1963. Following a meeting of the Cabinet on 10 January, 1963, 

the program was approved. The memorandum to the Cabinet stated that four 

satellites would be launched, and that the opportunity would be taken to use 

Canadian industry to the fullest extent in order to up-grade Canada's 

industrial capability in the space field. These two aims of the program,

(a) to launch four satellites and (b) to up-grade Canadian industry, were 

considered equally important.

2. Following the Cabinet approval, a "Memorandum of Understanding" was 

drawn up between representatives of the Defence Research Board and the US 

National Aeronautics and Space Administration (NASA) which outlined each 

country’s responsibility and the way in which the Joint program would be 

managed. An exchange of notes between the US Ambassador to Canada and the 

Secretary of State for External Affairs, dated 6 May 1964, approved this 

Memorandum of Understanding, and also agreed that the agreement could be 

terminated by mutual consent between the two Governments prior to 1970, and 

thereafter by either Government upon six months' notice.

3. The program is run by program managers appointed respectively by NASA 

and DRB, aided by the ISIS Working Group which acts as an advisory body as 

stipulated in the Memorandum of Understanding. This Working Group has 

representatives from NASA, DRB, Science Research Council of the UK, and the 

US National Bureau of Standards as the main participants. As the program has 

developed, representatives from other nations, Norway, Japan, Australia, and 

France have become participants by operating ground stations for the 

acquisition of data from Alouette I and II, and by analyzing the data.
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APPENDIX C - ANNEX II

DEFENCE SCIENTIFIC INFORMATION SERVICE

1. At the inception of DRB, the Minister of National Defence assigned to it 

the responsibility of providing scientific information facilities for the 

Department's needs. The Defence Scientific Information Service (DSIS) was 

brought into being to fulfil this responsibility. It carries out the functions 

of negotiating defence document exchange agreements with friendly countries,

of cataloguing and selectively disseminating documentary information so 

obtained, and of retrieving this information when needed at a later date.

2. These functions are carried out on behalf of all agencies involved in 

defence research or development. Foreign documents which can be procured only 

through defence channels are obtained for all Federal agencies requiring them 

in connection with work being done for defence. A similar function is 

performed for defence industrial contractors, for research grantees in the 

universities, and for any other public institutions when required for defence 

purposes.

3. DSIS monitors the work of similar agencies in the defence departments of 

friendly countries in the field of information science, and represents the 

Department in international activities in scientific and technical information, 

such as the Technical Information Panel of NATO's Advisory Group on Aerospace 

Research and Development.
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APPENDIX D - ANNEX II

A WAY TO RELATE RESEARCH PROJECTS TO MILITARY FUNCTIONS

1. As seated in this Annex an Activity entitled "Defence Research and 

Preliminary Development" was designated to embrace all critical and exhaustive 

scientific studies, enquiries and investigations primarily necessary for the 

discovery and interpretation of new facts and for the application of these to 

the design of improved materials, equipment or processes and to the solution 

of other practical problems.

2. DRB is now engaged in developing a method to relate research projects to 

military functions. The development of such a method is still far from 

complete but it is likely that it will be based on the concept that technology 

is the coupler between research and military functions. For example, the 

results of research on explosives influence military firepower by means of 

the technology that translates the new knowledge into improved weapons and 

components. The defence relevance of a research project might, then, be 

derived by a stepwise process of evaluating its importance to a technology, 

the importance of the technology to a class of equipment, the importance of 

the equipment to a military function, and the importance of the military 

function to the various missions of the Canadian Forces.

3. Charts 1 and 2 show the conceptual framework which relates technology- 

sensitive aspects of military materiel and functions to the overall operational 

capability of a military force. Chart 3 shows how this concept was applied to 

break down the overall Defence Research and Preliminary Development activity 

into sub-activities and project groups and so provide a clear link between 

research projects and military functions.

4. In other words the Activity "Research and Preliminary Development" has 

five sub-activities consisting of:

1.1 Research related to Combat and Active Defence

1.2 Research related to Passive Defence

1.3 Research related to Command and Control
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1.4 Research related to Logistics

1.5 Research related to Manpower

5. Each of these sub-activities have a number of groups to which research 

projects can be assigned on the basis of the technology they will influence 

and the impact of that technology on military functions. For example a 

research project on explosives clearly belongs in the project group 

"Firepower", a component of the sub-activity "Combat and Active Defence".

6. When this methodology is completely developed it will provide a 

structure for qualitative and quantitative evaluation of the relative 

importance of diverse research programs and projects vis-a-vis the improvement 

and maintenance of the operational capability of the Canadian Forces.
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CHART 1 - BASIC ELEMENTS OF OPERATIONAL CAPABILITY

Capability Elements

---  1. Combat and Active Defence

(Actions taken to destroy or 

reduce the effectiveness of 

enemy force or to gain 

advantage over the enemy).

2. Passive Defence 

(Defence of a place without the 

employment of active weapons 

and without the expectation of 

taking the initiative).

3. Command and Control 

(The acquisition, processing 

and dissemination of information 

for the planning, directing and 

controlling of operations by a 

commander).

4. Logistics 

(The determination of 

requirements, acquisition, 

storage, movement, distribution, 

maintenance and disposal of 

material; the movement of 

personnel; the operation of 

material support facilities; 

the acquisition or furnishing 

of supply service; field 

accommodation).

5. Manpower

(The provision and efficient 

use of manpower).

Operational Capability 

(The ability to carry on combat 

operations including movement, 

supply, attack, defence and 

manoeuvres needed to gain the 

objectives of any battle or 

campaign).



CHART 2 - RELATIONSHIP OF TECHNOLOGY TO MILITARY CAPABILITIES
Capability Elements Functional Sub-elements
1. Combat and Active Defence r- 1.1 Firepower 

(Actions taken to destroy 
or reduce the effectiveness 
of enemy forces or to gain 
some advantages over the

enemy)- L1-2 Tactical Mobility
(within battle area).

Some Technology-dependent Aspects of Sub-elements*
- Weapons, components and associated fire control systems, armament 

(including body armour)

- Weapon vulnerability
- Explosives

- Combat vehicles (tanks, aircraft, ships, submarines)

- Personnel carriers (armoured & unarmoured (land, sea & air including 
tactical air transport))

- Vehicle vulnerability

- Defeat of barriers (tactical bridging, mine clearance (including diving 
equipment & procedures))

"2.1 Fortifications - Trenches
- Walls
- Construction equipment and materials
- Shielding

2. Passive Defence
(Defence of a place----- 2.2 Concealment & Deception
without the employment 
of active weapons and 
without the expectation
of taking the initiative). 1—2.3 Barriers

- Screening agents and smoke
- Camouflage
- Electromagnetic and electronic countermeasures for purposes of deception

- Mines
____________ - Artificial physical barriers
* The items in this column are those aspects whose military qualities e.g. performance efficiency, economy, effectiveness, etc. are or may 

be directly influenced by technological factors. Other aspects such as strategy, tactics, organization, etc. that are influenced indirectly 
by technological factors (e.g. as a result of technological changes in the tools of war) are excluded from this column. This list is 
illustrative, not comprehensive.
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CHART 2 - RELATIONSHIP OF TECHNOLOGY TO MILITARY CAPABILITIES (Cont'd)
Capability Elements Functional Sub-elements

“3.1 Surveillance
(The systematic observation of 
air, surface or subsurface 
areas by visual, electronic, 
photographic or other means 
for intelligence purposes).

Some Technology-dependent Aspects of Sub-elements
- Optical, infrared, radar, acoustic and magnetic equipment and components
- Detection and identification
- Search and rescue equipment and aids
- Data and signal processing equipment for surveillance and reconnaissance 
systems

- Electronic counter-counter measures

3. Command and Control 
(The acquisition, 
processing and 
dissemination of 
information for the 
planning, directing 
and controlling of 
operations by a 
commander).

-3. 2

-3.3

-3.4

Reconnaissance
(A mission undertaken to obtain 
information by visual 
observation or other methods).

Navigation

Communications

- Same as in 3.1

- Navigation systems, equipment and components

- Communications systems, equipment and components including data 
processing equipment for communications systems

- Voice communications

—3.5 Data processing 
(non specific).

- Non-specific data processing, information display, and signal detection 
equipment and methods

- Data processing for command purposes

NOTE: Intelligence — The product resulting from the collection, evaluation, analysis, integration and interpretation of all available 
information which concerns one or more aspects of foreign nations or areas of operation and which is immediately or potentially 
significanr to military operations.
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CHART 2 - RELATIONSHIP OF TECHNOLOGY TO MILITARY CAPABILITIES (Cont'd)
Capability Elements

4. Logistics
(The determination of 
requirements, acquisition, 
storage, movement, 
distribution, 
maintenance and disposal
of materiel; the ____
movement of personnel; 
the operation of 
materiel support 
facilities; the 
acquisition or 
furnishing of supply 
services; field 
accommodation)

Functional Sub-elements
—4.1 Materiel supply and movement

(The supply and transport of all movable public 
property (except money) provided for any purpose 
under the NBA and includes any vessel, vehicle, 
aircraft, animal, missile, arms, ammunition, 
clothing, stores provisions or equipment so 
provided).

— 4.2 Maintenance and Repair

— 4.3 Movement of Personnel

— 4.4 Medical logistic support
(Medical care, treatment, hospitalization, 
evacuation, furnishing of medical services, 
supplies, materiel, and adjuncts, thereto).

Some Technology-dependent Aspects of Sub-elements
- Ships
- Vehicles
- Aircraft
- Pipelines, etc.
- Containers & packaging
- Power Sources
- Strategic mobility (i.e. home base+operational base)

- Materials and methods
- Corrosion
- Equipment and instruments

- Ships, Vehicles, Aircraft
- Power sources

- Conventional medical and military medical 
equipment, supplies and procedures

- NBCW prophylaxis and therapy

Science Policy 
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CHART 2 - RELATIONSHIP OF TECHNOLOGY TO MILITARY CAPABILITIES (Cont'd)
Capability Elements
4. Logistics (Cont'd)

(The determination of 
requirements, acquisition, 
storage, movement, 
distribution, 
maintenance and disposal 
of materiel; the 
movement of personnel; 
the operation of 
materiel support 
facilities; the 
acquisition or 
furnishing of supply 
services ; field 
accommodation).

Functional Sub-elements
-4.5 Environmental protection

(Protection against the injurious effects of 
natural and artificial environments (e.g. 
habitability) but excluding hazards clearly 
attributable to enemy action, equipment 
malfunctions and specialist environments).

-4.6 Damage prevention and limitation
(The prevention or limitation of secondary 
damage to materiel resulting from hazards 
attributable to enemy action, equipment 
malfunction or specialist environment).

Some Technology-dependent Aspects of Sub-elements
- Equipment
- General clothing
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CHART 2 - RELATIONSHIP OF TECHNOLOGY TO MILITARY CAPABILITIES (Cont'd)
Capability Elements Functional Sub-elements

— 5.1 Use of Manpower

5. Manpower
(The provision and 
efficient use of 
manpower).

— 5.2 Training

— 5.3 Human Performance
(of healthy personnel).

— 5.4 Personnel protection and safety
(Protection against hazards clearly 
attributable to enemy action, equipment 
malfunction and specialist environments. 
Excludes armour (see Firepower) detection 
aspects of search and rescue (see 
Surveillance and Reconnaissance) and 
hazards of natural and artificial 
environments (see Materiel Supply and 
Movement and Environmental Protection).

Some Technology-dependent Aspects of Sub-elements
- Machines in place of men
- Use of computers

- Training principles and methodology
- Training aids and stores

- Environmental and equipment effects on performance
- Work routines
- Toxic hazards

- Escape equipment and procedures

- Survival equipment, clothing, procedures and 
rations
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CHART 3 - THE STRUCTURE OF THE ACTIVITY "DEFENCE RESEARCH AND PRELIMINARY DEVELOPMENT"

Activity Sub-Activity

1. Defence Research and 1.1 Combat and Active Defence

Preliminary Development

1.2 Passive Defence

1.3 Command and Control

1.4 Logistics

Project Group

1.1.1 Firepower

1.1.2 Tactical Mobility

1.2.1 Fortifications

1.2.2 Concealment and Deception

1.3.1 Surveillance and Reconnaissance

1.3.4 Communications

1.3.5 Data Processing

1.4.1 Materiel Supply

1.4.2 Maintenance and Repair

1.4.3 Medical Support

1.4.5 Environmental Protection

1.5.2 Selection and Training

1.5.3 Human Performance

1.5.4 Personnel Protection and Safety

1.5 Manpower
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ANNEX III - PERSONNEL POLICIES

GENERAL
1. The National Defence Act, as amended to 1967, specifies that "The Defence 

Research Board may, with the approval of the Minister,

(a) Notwithstanding the Civil Service Act or any other section of this Act 

or any other statute or law, appoint and employ the professiqnal, scien

tific, technical, clerical and other employees required to carry out 

efficiently the duties of the Board, prescribe their duties and, subject 

to the approval of the Governor in Council, prescribe their terms of 

appointment and service and fix their remuneration".

2. DRB makes every effort to employ first class scientists of proven ability. 

To obtain them in the face of the severe competition that characterizes profes

sional recruitment today, it must recruit efficiently, ensure good working con

ditions with competitive remuneration and offer attractive careers in both 

research and administration. In practice the Board works closely and harmoniously 

with the National Research Council and the Public Service Commission with respect 

to grades and salary scales but is independent in the exercise of judgment with 

respect to individual scientists.

3. The Selection Committee of the Defence Research Board is the body created 

to exercise this independent judgment. Its terms of reference state that it is 

to examine the qualifications of all applicants for employment by DRB, to recom

mend to the Board the candidate considered most suitable for a position and, 

furthermore to examine the qualifications of employees for promotion and make 

recommendations for promotion.

4. The Chairman and Members of the Committee may be selected from universities, 

industry and other government agencies. Members of the Selection Committee are 

recommended by the Chairman and submitted to the Board for approval. The Chief

of Personnel is the Secretary. The Committee reports to the Chairman, Defence 

Research Board.

5. The current membership of the Selection Committee is as follows :

29099—8£



374 Special Committee

CHAIRMAN: Mr. J.D. Moulding President and Director,

RCA Victor Company Limited.

MEMBERS: Dr. A.B. van Cleave Chairman, Division of Natural Science,

University of Saskatchewan.

Dr. H.E. Duckworth Vice-President (Academic),

University of Manitoba.

Dr. W.G. Biglow Associate Professor of Surgery,

University of Toronto,

Senior Surgeon and Head,

Division of Cardiovascular Surgery,

Toronto General Hospital.

Dr. H.H. Kerr Chairman, Ontario Council of Regents for

Colleges of Applied Arts and Technology,

Toronto.

Prof. Maurice L'Abbe Vice-Rector,

University of Montreal.

Prof. Napoleon LeBlanc Vice-Rector, University of Laval, Quebec.

(These are all members of the Defence Research Board).

RECRUITMENT OF SCIENTISTS
6. The Chief of Personnel has on his staff three personnel officers who 

devote about half their time to recruitment of scientists. Literature describing 

the research program of the Defence Research Board is made available annually 

to graduating students through university placement officers. Students showing 

interest are interviewed by DRB representatives, and applications for employ

ment are sought from those who appear suitable. Employment offers are usually 

restricted to students who are judged finally by the Selection Committee (para 

2) to be in the top quarter of their classes as evidenced by class records and 

faculty appraisals. In some cases appraisal of students for full-time employment 

is assisted by the prior opportunity to assess them in summer work at DRB

establishments.
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CRITERIA FOR RESEARCHERS
7. No research has been undertaken to develop special criteria or selection 

methods for use in recruitment of defence scientists, since there has been 

little indication that the quality of those hired leaves much to be desired in 

general. Particular interest has, however, been taken in systematic improvement 

in the methods of appraising the achievement of scientists after employment. 

Rating and other assessment techniques have been examined, and an analysis of 

the volume of production of patents, reports and publications and patents by 

individuals and groups has been made.

IDENTIFICATION OF POTENTIAL RESEARCH ADMINISTRATORS
8. Current procedures call for an annual review of each scientist's progress 

and development. This includes consideration of his managerial potential. Since 

there are successive levels of management responsibility, from section leader

ship through division direction up to the general management of a research 

station, opportunity exists to view the effectiveness of the individual at the 

junior stages, often in more than one establishment, before he is considered 

for a more senior appointment.

DISTINCTIONS BETWEEN RESEARCHERS AND RESEARCH ADMINISTRATORS
9. Both research workers and research administrators are graded and paid on 

the same scale. It is therefore quite possible for a scientist to be promoted

to the most senior level on the ground of scientific prowess alone. In practice, 

however, it is very rare for an individual to attain on this basis a level 

equivalent to that of director general of an establishment; it is less uncommon 

for him to reach the pay level immediately below this. There is, therefore, an 

incentive for the scientist to undertake management responsibilities.

ADDITIONAL EDUCATION OF STAFF
10. Encouragement is given to the acquisition of additional academic training 

by defrayment of one-half of the fees incurred for relevant evening courses. 

Individuals are also sent from time to time on short courses which will benefit 

their work directly, and full expenses are paid. Up to 15 scientists may be 

given longer term educational leave at any one time for the purpose of attaining 

a higher degree level and are assisted by provision of scholarships amounting
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to 40 to 60 per cent of normal salary, together with payment of part or all of 

travel expenses and university fees. Most establishments hold seminars from time 

to time on relevant scientific issues or programs and outside participants may 

be invited. Mature scientists who after some years' work, especially on applied 

problems, exhibit a need for refreshment or extension of their knowledge, may 

be sent away for periods of approximately one year's additional training on full
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ANNEX IV - REGIONAL DISTRIBUTION OF ACTIVITIES

1. Regional Pattern Of Expenditures. The regional pattern of the Board's 

expenditures by provinces for the past five years is shown in Table 1.

2. The figures include all capital and operating expenses of the Board 

according to the province in which they are located, and the locations of the 

universities and the industrial firms in receipt of grants under the extra 

mural research grants program to universities and the Defence Industrial 

Research Program. The expenditures for the Research Satellite Program are 

also included.

3. Board expenditures occur in all the provinces except Prince Edward 

Island and the distribution is strongly influenced by the geographical 

distribution of the research establishments i.e. Nova Scotia (1), Quebec (1), 

Ontario (4), Alberta (1), British Columbia (1).

4. Regional Factors. The regional distribution of the Board’s scientific 

activities came about partly through its having taken over existing military 

research establishments in Nova Scotia, Quebec, Ontario and Alberta in 1947, 

and partly because of the need for work in particular geographical environments. 

For instance, the east and west coasts are particularly suited for research 

related to anti-submarine warfare, the Arctic and Sub-arctic for the arctic 

aspects of anti-submarine warfare, effects of the aurora on telecommunications, 

and problems associated with military operations under arctic conditions. 

Similarly the highly industrialized provinces of Ontario and Quebec are 

particularly suited to applied research in fields in which Canadian industrial 

participation is needed in the applied research phases or will be needed in

the subsequent development of equipment and components e.g. telecommunications, 

satellites, protective clothing, batteries, explosives, radiation instruments.

5. In effect, therefore, it can be said that defence problems require 

scientific activities to be carried out in certain regions of the country. 

Consequently, although DRB has no statutory role in contributing to regional
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development, it could not operate effectively except by distributing its 

scientific activities across the country and hence it has contributed to some 

extent to regional development.

6. Benefits and Costs of Regional Distribution. The benefits of regional 

distribution of its scientific activities are numerous both to DRB and the 

regions involved. It has fostered close relationships with universities, 

industries and other research institutions in all provinces with the result 

that we have the benefit of their knowledge and expertise and they have more 

knowledge of defence science in general and the Board's interests in particular 

than would be the case otherwise. Such relationships assist in the recruitment 

of professional staff and this, in turn, means that the Board's staff consists 

of representatives of all parts of Canada. The mobility of staff within the 

Board means that as persons move from province to province, they develop a 

broad awareness and understanding of the many facets of national defence and, 

because families move as well, the regional distribution of scientific 

activities makes a contribution to the growth of a sense of national identity 

and unity. Another benefit of regional distribution is that it fosters close 

relationships with operational commands and units of the Canadian Forces.

Such relationships are very effective in ensuring that laboratory scientists 

appreciate the problems, environment and viewpoints of their colleagues in 

the Forces and thereby have a significant influence on the value and 

effectiveness of the scientific activities.

7. Among the costs of regional distribution has been that of increased 

overhead owing to the need for local management and administrative staff to 

support the research effort in widely separated localities. Another cost is 

that of transfers of scientists from one station to another in a different 

city or province in the interest of the development of careers and in order 

best to meet the Board's current staff requirements. Such geographical 

transfers of scientists, together with their families and belongings, which 

would not have been required if all the DRB technical establishments were 

concentrated in say, the Ottawa region, have averaged about 9 per annum.

This is approximately 1% per cent of the total number of scientists employed.
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Distribution by fiscal years is as follows:

1963- 64 7

1964- 65 6

1965- 66 11

1966- 67 9

1967- 68 12

1968- 69 (to date) 8

Another intangible cost is the increased effort that is needed to ensure 

effective communication and coordination between the central organization and 

its parts and between the parts themselves. Some of these latter costs are 

reflected in travel budgets.

8. It is clear, however, that the benefits far outweigh the costs so far 

as DRB is concerned.



TABLE 1 - Regional Pattern of Expenditures (in thousands of dollars)
B.C. ALTA. SASK. MAN. ONT. QUE. N.B. N.S. NFLD. TOTAL

1963-64 Intramural 1,051 3,152 443 262 13,430 7,778 2,192
Industry 36 100 - 1,698 1,533 25
University 189 90 126 64 892 458 7 67

TOTAL 1,276 3,342 569 326 16,020 9,769 7 2,284 33,593

1964-65 Intramural 1,079 3,219 303 222 13,947 7,708 2,027
Industry 114 21 2,666 3,593 21
University 177 72 87 68 835 530 20 73

TOTAL 1,256 3,405 390 311 17,448 11,831 20 2,121 36,782

1965-66 Intramural 1,253 3,751 379 55 14,945 8,463 2,447
Industry 34 417 7 3,540 4,269 16
University 205 71 115 49 949 555 24 87

TOTAL 1,492 4,239 494 111 19,434 13,287 24 2,550 41,631

1966-67 Intramural 1,540 4,142 395 14,751 9,306 2,582
Industry 544 4 2,989 5,478 -
University 277 77 121 63 1,170 608 38 104

TOTAL 1,817 4,763 516 67 18,910 15,392 38 2,686 44,189

1967-68 Intramural 2,145 4,198 125 16,464 9,666 3,257
Industry 415 1 2,764 4,803 -
University 318 213 129 96 1,291 681 32 58 5
Ship Construction 3,701

TOTAL 6,164 4,826 254 97 20,519 15,150 32 3,315 5 50,362

GRAND TOTAL 12,005 20,575 2,223 912 92,331 65,429 121 12,956 5 206,557
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ANNEX V - PERSONNEL STATISTICS

1. In the following Tables, statistical data is supplied for the Defence 

Research Board as a whole, for each of the establishments (which are the units 

of the Board that conduct scientific activities) and for all other personnel.

2. The "Others" category includes the personnel in all the organizational 

units shown on the DRB Organization Chart in Annex 1, with the exception of the 

establishments, and the personnel seconded to units of the Canadian Forces. In 

Table 3, the data for these personnel is grouped on a functional basis as 

follows :

(a) Management and Planning. This includes all senior management and the 
scientific staffs which support them in program planning and 

administration.

(b) Personnel and Financial Administration. This consists of the staffs 
of the Chief of Personnel and the Comptroller.

(c) Scientific Liaison. This consists of the staffs seconded to Canadian 
Forces Headquarters and those of the London and Washington offices.

(d) Scientific Information Service. This consists of the staff of dsis 
(Defence Scientific Information Service).

(e) Scientific Intelligence. This consists of the group of scientists 
seconded to the Canadian Forces to provide scientific study and 

analysis of intelligence material.



TABLE 1 - Current Personnel Establishment and Strengths (1 July, 1968)

DRAE CARDE DRES DREA DREP DRET DRTE DCBRE ALL OTHERS TOTAL
EST., EMP. EST. EMP. EST. EMP. EST. EMP. EST. EMP. EST. EMP. EST. EMP. EST. EMP. EST. EMP. EST. EMP,

Professional 70 63 122 122 38 39 56 53 32 32 35 30 116 113 53 49 88 89 610 590

Technical 4 4 322 319 125 125 101 103 50 49 46 45 170 178 90 84 11 11 919 918

Workers - - 120 116 90 90 15 14 7 7 19 19 56 56 11 11 - - 318 313

Other Support 
Personnel

28 24 129 120 73 73 26 28 15 15 32 32 81 81 30 32 240 228 654 633

Others not included - - 47 47 71 74 13 13 8 8 33 33 - - 9 9 181 184
in above (House
keeping duties)

On Loan _____ 5---------- - 1 6

Seconded Personnel 2 3 6 3 2 6 4 1-27

Contract Personnel 39 6 7 5-19 5-81

11/9/68
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TABLE 2 - Number of Professionals Mostly Engaged 1n 
Executive and Administrative Duties

Defence Research Analysis Establishment 2 

Canadian Armament Research and Development Establishment 15 

Defence Research Establishment Suffield 5 

Defence Research Establishment Atlantic 6 

Defence Research Establishment Pacific A 

Defence Research Establishment Toronto A 

Defence Research Telecommunications Establishment 12 

Defence Chemical, Biological and Radiation Establishment 6 

All Others AO

TOTAL 9A
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TABLE 3 - Educational and Experience Data For Professional Staff

A - DEFENCE RESEARCH BOARD (SUMMARY)

BACHELOR DEGREE

Country

Canada
Great Britain 
Other Commonwealth 
USA 
Europe
South America 
Asia

Of Birth Of Secondary Education Of Higher Education

159 169 169

54 49 48

4 3 2

2 - 3

2 2 1

1 - -

1 - -

Mean Number of Years Since Bachelor Graduation — 20 
Mean Number of Years Employed by DRB — 13 
Mean Age — 46 
Per Cent Effective in Both Official Languages — 26

MASTER DEGREE

Canada 150 
Great Britain 22 
Other Commonwealth 4 
USA 5 
Europe 4

166

16

3

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

149
16
1

18
1

15
12
43
21

DOCTOR DEGREE

Canada 122 130 
Great Britain 23 20 
Other Commonwealth 9 9 
USA 6 3 
Europe 3 1

Mean Number of Years Since Bachelor Graduation — 
Mean Number of Years Employed by DRB — 
Mean Age — 
Per Cent Effective in Both Official Languages —

Per Cent Employed by Industry — 
Per Cent Employed by Universities — 
Per Cent Employed by Provincial Departments or Agencies — 
Per Cent Employed by Other Federal Government Agencies — 
Per Cent Employed by Other Governments — 
Per Cent Effective in Both Official Languages —

98
38
3

22
2

15
13
44

17

24.2

1.8
16.3
7.8

22.0
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TABLE 3 - Educational and Experience Data For Professional Staff (Cont'd)

B - DEFENCE RESEARCH ESTABLISHMENT ATLANTIC

BACHELOR DEGREE 

Country

Canada
Great Britain 
USA
South America

Of Birth Of Secondary Education Of Higher Education 

20 22 21
4 3 3

Mean Number of Years Since Bachelor Graduation — 13 
Mean Number of Years Employed by DRB — 10 
Mean Age — 40 
Per Cent Effective in Both Official Languages — 0

MASTER DEGREE

Canada 15
Great Britain 4
Other Commonwealth 1
USA
Europe 1

19
2

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DUB 
Mean Age
Per Cent Effective in Both Official Languages

20

1

12
9
41
0

DOCTOR DEGREE

Canada 4 4
Great Britain
Other Commonwealth 2 2

Mean Number of Years Since Bachelor Graduation — 14 
Mean Number of Years Employed by DRB — 14 
Mean Age — 41 
Per Cent Effective in Both Official Languages — 0

Per Cent Employed by Industry — 26.4 
Per Cent Employed by Universities — 7.5 
Per Cent Employed by Provincial Departments or Agencies — 1.8 
Per Cent Employed by Other Federal Government Agencies — 16.9 
Per Cent Employed by Other Governments — 3.6 
Per Cent Effective in Both Official Languages — 0.0
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TABLE -3-Educational and Experience Data For Professional Staff (Cort'd)

C - CANADIAN ARMAMENT RESEARCH AND DEVELOPMENT ESTABLISHMENT 
BACHELOR DEGREE
Country Of Birth Of Secondary Education Of Higher Education
Canada 49 
Great Britain 8 
Other Commonwealth 1 
USA 1 
Europe 1 
Asia 1

50 49
10 10

1
1 1

Mean Number of Years Since Bachelor Graduation — 13 
Mean Number of Years Employed by DRB — 10 
Mean Age — 39 
Per Cent Effective in Both Official Languages — 77

MASTER DEGREE
Canada 27
Great Britain 5
Other Commonwealth 1
USA
Europe 1

28 26
5 4
1 -

3
1

Mean Number of Years Since Bachelor Graduation 
Meân Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

DOCTOR DEGREE
Canada 23
Great Britain 3
Other Commonwealth 1
USA 
Europe

23
3
1

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

Per Cent 
Per Cent 
Per Cent 
Per Cent 
Per Cent 
Per Cent

Employed by Industry — 
Employed by Universities — 
Employed by Provincial Departments or Agencies — 
Employed by Other Federal Government Agencies — 
Employed by Other Governments — 
Effective in Both Official Languages —

10
9

35
96

21
3
1
1
1

10
9

39
54

22.1
4.9
4.9
7.3
4.0
75.0
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TABLE 3 - Educational and Experience Data For Professional Staff (Cont'd) 

D - DEFENCE RESEARCH ANALYSIS ESTABLISHMENT

Of Birth Of Secondary Education Of Higher Education

19

10
2

19

10
2

BACHELOR DEGREE 

Country

Canada
Great Britain 
Other Commonwealth 
USA
Europe 1 1

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

MASTER DEGREE

Canada
Great Britain 
USA

16

4
1

18

3

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

DOCTOR DEGREE

Canada
Great Britain

10 10

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

Per Cent Employed by Industry 
Per Cent Employed by Universities
Per Cent Employed by Provincial Departments or Agencies 
Per Cent Employed by Other Federal Government Agencies 
Per Cent Employed by Other Governments 
Per Cent Effective in Both Official Languages

19

11
1
1

16

9

43

10

16

4

1

14

10
38

0

7

3

15

12
44

0

30.0

11.1
1.5

22.2
20.5

5.0

29099—9
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TABLE 3 - Educational and Experience Data For Professional Staff (Cont'd)

E - DEFENCE RESEARCH TELECOMMUNICATIONS ESTABLISHMENT
BACHELOR DEGREE
Country
Canada
Great Britain

Of Birth 
25 
9

Of Secondary Education Of Higher Education
26 26
8 8

Mean Number of Years Since Bachelor Graduation — 16 
Mean Number of Years Employed by DRB — 11 
Mean Age — 42 
Per Cent Effective in Both Official Languages — 0

MASTER DEGREE
Canada 40 41
Great Britain 5 4
USA

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

35
6
4

9
8

44
5

DOCTOR DEGREE
Canada 24
Great Britain 4
Other Commonwealth 3
USA
Europe 2
South America 1

26 19
4 11
3

3
1 1

Mean Number of Years Since Bachelor Graduation — 11 
Mean Number of Years Employed by DRB — 11 
Mean Age — 42 
Per Cent Effective in Both Official Languages — 12

Per Cent Employed by Industry — 18,5 
Per Cent Employed by Universities — 7.0 
Per Cent Employed by Provincial Departments or Agencies — 0.0 
Per Cent Employed by Other Federal Government Agencies — 10.6 
Per Cent Employed by Other Governments — 8.8 
Per Cent Effective in Both Official Languages — 8.0
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TABLE 3 - Educational and Experience Data for Professional Staff (Cont'd)

F - DEFENCE CHEMICAL, BIOLOGICAL AND RADIATION ESTABLISHMENT 
BACHELOR DEGREE
Country
Canada
Great Britain

Of Birth Of Secondary Education Of Higher Education
3 5 5
6 A 4

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

MASTER DEGREE
Canada 10 10
Other Commonwealth 1 1
USA

23
15
47
0

8
1
2

Mean Number of Years Since Bachelor Graduation — 18 
Mean Number of Years Employed by DRB — 15 
Mean Age — 45 
Per Cent Effective in Both Official Languages — 10

DOCTOR DEGREE
Canada 20 
Great Britain 5 
Other Commonwealth 1 
USA 2 
Europe 1

22
5
1

1

Mean Number of Years Since Bachelor Graduation — 
Mean Number of Years Employed by DRB — 
Mean Age — 
Per Cent Effective in Both Official Languages —

Per Cent Employed by Industry — 
Per Cent Employed by Universities — 
Per Cent Employed by Provincial Departments or Agencies — 
Per Cent Employed by Other Federal Government Agencies — 
Per Cent Employed by Other Governments — 
Per Cent Effective in Both Official Languages —

19
6
1
3

15
13
37
20
30.6
8.1

0.0

10.2
6.1

15.0
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TABLE 3 — Educational and Experience Data for Professional Staff (Cont'd)

G - DEFENCE RESEARCH ESTABLISHMENT TORONTO
BACHELOR DEGREE
Country Of Birth Of Secondary Education Of Higher Education
Great Britain 11 1

Mean Number of Years Since Bachelor Graduation — 22 
Mean Number of Years Employed by DRB — 10 
Mean Age — 41 
Per Cent Effective in Both Official Languages — 25

MASTER DEGREE
Canada 3 3 
Other Commonwealth 1 1 
USA

3

1

Mean Number of Years Since Bachelor Graduation — 9 
Mean Number of Years Employed by DRB — 8 
Mean Age — 34 
Per Cent Effective in Both Official Languages — 0

DOCTOR DEGREE
Canada 8 
Great Britain 5 
Other Commonwealth 1 
USA 1

11
2
1

1

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

Per
Per
Per
Per
Per
Per

Cent Employed by Industry — 
Cent Employed by Universities — 
Cent Employed by Provincial Departments or Agencies — 
Cent Employed by Other Federal Government Agencies — 
Cent Employed by Other Governments — 
Cent Effective in Both Official Languages —

6
2

7

8 
6

43
0

10.0

13.3
0.0

16.6
10.0

3.0
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TABLE 3 — Educational and Experience Data for Professional Staff (Cont'd)

H - DEFENCE RESEARCH ESTABLISHMENT SUFFIELD
BACHELOR DEGREE
Country Of Birth Of Secondary Education Of Higher Education
Canada 34 5
Great Britain 65 4

Mean Number of Years Since Bachelor Graduation — 23
Mean Number of Years Employed by DRB — 11
Mean Age — 52
Per Cent Effective in Both Official Languages — 0

MASTER DEGREE
Canada 17 17 14
USA - 3

Mean Number of Years Since Bachelor Graduation — 15 
Mean Number of Years Employed by DRB — 10 
Mean Age — 45 
Per Cent Effective in Both Official Languages — 7

DOCTOR DEGREE
Canada 10 
Great Britain 2 
USA 1

11

1
1

Mean Number of Years Since Bachelor Graduation — 14 
Mean Number of Years Employed by DRB — 10 
Mean Age — 46 
Per Cent Effective in Both Official Languages — 0

Per Cent Employed by Industry — 25.0 
Per Cent Employed by Universities — 10.2 
Per Cent Employed by Provincial Departments or Agencies — 5.1 
Per Cent Employed by Other Federal Government Agencies — 15.4 
Per Cent Employed by Other Governments — 7.6 
Per Cent Effective in Both Official Languages — 2.5
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TABLE 3 — Educational and Experience Data for Professional Staff (Cont'd)

I - DEFENCE RESEARCH ESTABLISHMENT PACIFIC
BACHELOR DEGREE
Country
Canada
Great Britain 
Other Commonwealth

Of Birth Of Secondary Education Of Higher Education 
11 12 11

1 - 1
1 1 1

Mean Number of Years Since Bachelor Graduation — 18 
Mean Number of Years Employed by DRB — 11 
Mean Age — 46 
Per Cent Effective in Both Official Languages — 0

MASTER DEGREE
Canada 8 11 10 
USA 2 - 1 
Europe 1 -

Mean Number of Years Since Bachelor Graduation — 16 
Mean Number of Years Employed by DRB — 14 
Mean Age — 42 
Per Cent Effective in Both Official Languages — 0

DOCTOR DEGREE
Canada 88 5
Great Britain 11 4

Mean Number of Years Since Bachelor Graduation — 
Mean Number of Years Employed by DRB — 
Mean Age — 
Per Cent Effective in Both Official Languages —

Per Cent Employed by Industry — 
Per Cent Employed by Universities — 
Per Cent Employed by Provincial Departments or Agencies — 
Per Cent Employed by Other Federal Government Agencies — 
Per Cent Employed by Other Governments — 
Per Cent Effective in Both Official Languages —

15
12
39
0
30.3
6.6
0.0
27.2
0.0
0.0
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TABLE 3 - Educational and Experience Data for Professional Staff (Cont'd)

BACHELOR DEGREE
Country
Canada
Great Britain

J - MANAGEMENT AND PLANNING

Of Birth Of Secondary Education Of Higher Education
8 8 9
4 A 3

Mean Number of Years Since Bachelor Graduation — 25 
Mean Number of Years Employed by DRB — 15 
Mean Age — 52 
Per Cent Effective in Both Official Languages — 17

MASTER DEGREE
Canada 6 7 
Great Britain 3 2 
USA

Mean Number of Years Since Bachelor Graduation — 23 
Mean Number of Years Employed by DRB — 17 
Mean Age ~~ 51 
Per Cent Effective in Both Official Languages — 0

DOCTOR DEGREE
Canada 5 
Great Britain 3 
USA 2

Mean Number of Years Since Bachelor Graduation — 
Mean Number of Years Employed by DRB — 
Mean Age — 
Per Cent Effective in Both Official Languages —

Per Cent Employed by Industry — 
Per Cent Employed by Universities — 
Per Cent Employed by Provincial Departments or Agencies — 
Per Cent Employed by Other Federal Government Agencies — 
Per Cent Employed by Other Governments — 
Per Cent Effective in Both Official Languages —

18
14
48
40

22.6
16.1
0.0
29.0
16.1
19.0
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TABLE 3 — Educational and Experience Data for Professional Staff (Cont'd)

K - PERSONNEL AND FINANCIAL ADMINISTRATION
BACHELOR DEGREE
Country Of Birth Of Secondary Education Of Higher Education
Canada 9 10 10
USA 1

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

MASTER DEGREE
Canada 22 2

Mean Number of Years Since Bachelor Graduation — 13
Mean Number of Years Employed by DRB — 3
Mean Age — AO
Per Cent Effective in Both Official Languages — 50

2A
17
52
10

DOCTOR DEGREE
Canada 21 2
Great Britain 1

Mean Number of Years Since Bachelor Graduation — 30 
Mean Number of Years Employed by DRB — 20 
Mean Age — 58 
Per Cent Effective in Both Official Languages — 0

Per Cent Employed by Industry — 42.8 
Per Cent Employed by Universities — 21.4 
Per Cent Employed by Provincial Departments or Agencies — 0.0 
Per Cent Employed by Other Federal Government Agencies — 28.5 
Per Cent Employed by Other Governments — 0.0 
Per Cent Effective in Both Official Languages — 14
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TABLE 3 - Educational and Experience Data for Professional Staff (Cont'd)

L - SCIENTIFIC INFORMATION
BACHELOR DEGREE
Country
Canada
Great Britain

Of Birth 
4 
3

Of Secondary Education Of Higher Education

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

5
2

25
16
50
29

MASTER DEGREE
Canada
USA

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

DOCTOR DEGREE
Other Commonwealth 1 1

Mean Number of Years Since Bachelor Graduation 
Mean Number of Years Employed by DRB 
Mean Age
Per Cent Effective in Both Official Languages

Per Cent Employed by Industry 
Per Cent Employed by Universities
Per Cent Employed by Provincial Departments or Agencies 
Per Cent Employed by Other Federal Government Agencies 
Per Cent Employed by Other Governments 
Per Cent Effective in Both Official Languages

19
19
51
0

1

11

11
46

100

45.4
9.0
0.0
18.1
0.0
30.0
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TABLE 3 - Educational and Experience Data for Professional Staff (Cont'd)

M - SCIENTIFIC LIAISON
BACHELOR DEGREE
Country Of Birth Of Secondary Education Of Higher Education
Canada 55 5
Great Britain 44 4

Mean Number of Years Since Bachelor Graduation — 23
Mean Number of Years Employed by DRB — 17
Mean Age — 49
Per Cent Effective in Both Official Languages — 11

MASTER DEGREE
Canada 35 4
Great Britain 1 -
USA 1 1

Mean Number of Years Since Bachelor Graduation — 20
Mean Number of Years Employed by DRB — 18
Mean Age — 49
Per Cent Effective in Both Official Languages — 20

DOCTOR DEGREE
Canada 7 7
Great Britain
USA

Mean Number of Years Since Bachelor Graduation —
Mean Number of Years Employed by DRB —
Mean Age —
Per Cent Effective in Both Official Languages —

Per Cent Employed by Industry —
Per Cent Employed by Universities —
Per Cent Employed by Provincial Departments or Agencies —
Per Cent Employed by Other Federal Government Agencies —
Per Cent Employed by Other Governments —
Per Cent Effective in Both Official Languages —

4
2
1

19
17
48
29

23.8

4.8
28.5
9.5
19.0
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TABLE 3 - Educational and Experience Data for Professional Staff (Cont'd)

N - SCIENTIFIC INTELLIGENCE
BACHELOR DEGREE
Country Of Birth Of Secondary Education Of Higher Education
Canada 33 3

Mean Number of Years Since Bachelor Graduation — 23 
Mean Number of Years Employed by DRB — 17 
Mean Age ~~ 48 
Per Cent Effective in Both Official Languages — 33

MASTER DEGREE
Canada 23 3
Europe 1

Mean Number of Years Since Bachelor Graduation — 19
Mean Number of Years Employed by DRB — 14
Mean Age — 46
Per Cent Effective in Both Official Languages — 0

DOCTOR DEGREE
Canada 11 - 
Great Britain - 1

Mean Number of Years Since Bachelor Graduation — 13 
Mean Number of Years Employed by DRB — 13 
Mean Age — 41 
Per Cent Effective in Both Official Languages — 0

Per Cent Employed by Industry — 14.2 
Per Cent Employed by Universities — 0.0 
Per Cent Employed by Provincial Departments or Agencies — 0.0 
Per Cent Employed by Other Federal Government Agencies — 57.1 
Per Cent Employed by Other Governments — 0.0 
Per Cent Effective in Both Official Languages — 14.0
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TABLE 4 — Professional Strengths by Degree 1962-68

1962 1963 1964 1965
I DOCTORATES

1966 1967 1968

DRAE 7 6 5 6 8 8 9

CARDE 23 20 19 22 26 28 26

DRES 14 14 16 15 17 15 15

DREA 14 14 13 10 10 10 8

DREP 8 8 8 8 6 5 6

DRET 22 22 21 22 25 27 22

DRTE 29 27 29 31 30 33 34

DCBRE 28 29 31 31 32 33 30

DRNL 1 1 1 - - - -

OTHERS 29 29 28 25 30 20 22

1962 1963 1964 1965
II MASTERS
1966 1967 1968

DRAE 20 19 21 21 22 21 23

CARDE 30 30 33 31 34 33 33

DRES 7 8 9 13 15 15 15

DREA 13 14 18 18 18 22 21

DREP 12 13 13 11 11 12 13

DRET 6 5 7 6 4 4 4

DRTE 20 22 23 32 36 44 43

DCBRE 11 12 10 14 14 13 13

DRNL 1 1 1 - - - -

OTHERS 30 28 30 26 23 21 20

1962 1963 1964
III BACHELORS

1965 1966 1967 1968

DRAE 29 29 28 31 30 29 27

CARDE 53 49 47 42 52 52 55

DRES 9 10 9 9 9 8 9

DREA 17 16 15 22 24 23 24

DREP 10 10 10 11 12 12 12

DRET 2 2 2 3 2 4 5

DRTE 37 34 35 28 25 33 30

DCBRE 9 10 9 8 8 7 7

DRNL - — — —

OTHERS 45 40 44 47 41 39 40
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TABLE 5 - Professional Staff Turnovers, 1962-1967, by Degrees

1962
I DOCTORATES

1963 1964 1965 1966 1967

DRAE Nil 16.6 20.0 Nil Nil 25.0
CARDE A.3 35.0 10.5 9.1 Nil 10.8

DRES 7.1 Nil Nil 33.3 5.9 6.6

DREA 14.3 Nil 7.7 30.0 10.0 Nil

DREP 25.0 12.5 Nil 12.5 16.0 40.0

DRET 9.1 22.7 9.5 9.1 16.0 26.0

DRTE 20.7 11.1 3.4 12.9 3.3 3.0

DCBRE 3.6 6.9 Nil 3.2 Nil 12.1

OTHERS Nil 3.4 7.1 8.0 3.3 5.0

ii MASTERS
1962 1963 1964 1965 1966 1967

DRAE Nil 5.2 Nil 14.5 Nil 4.8

GARDE 13.3 6.6 Nil 6.4 Nil 9.1

DRES 1A.3 Nil 11.1 Nil 13.3 6.6

DREA 23.0 Nil 11.1 5.5 Nil 4.5
DREP Nil Nil 7.7 Nil 9.1 8.3

DRET 16.6 Nil Nil 6.6 75.0 Nil

DRTE 5.0 4.5 4.3 3.1 2.8 Nil

DCBRE 9.1 Nil 10.0 Nil 14.3 7.7

OTHERS 6.6 Nil 13.3 7.7 8.7 Nil

in BACHELORS
1962 1963 1964 1965 1966 1967

DRAE 3.4 3.4 3.2 9.2 6.6 7.0

CARDE 11.3 10.2 4.3 7.1 7.7 3.8

DRES Nil 10.0 Nil 11.1 11.0 12.5

DREA 5.9 6.2 Nil Nil 4.1 8.7

DREP Nil Nil Nil Nil Nil 8.3

DRET Nil Nil Nil Nil 75.0 Nil

DRTE 5.4 8.8 11.4 14.3 16.0 6.0

DCBRE Nil Nil 22.2 25.0 Nil 43.0

OTHERS 4.4 5.0 4.5 4.3 Nil 7.0
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TABLE 6 - The Number of Personnel on 1 July, 1968 
in Each Degree Category on Education Leave

Bachelor Master

DRAE

Directorate of Air Operational Research 1

Directorate of Maritime Operational Research 1

Directorate of Mathematics & Statistics 1

CARDE

Electronics Division 2 1

Aerophysics Division 3 1

PRES

Research Division 2

DREA

Engineering Physics Division 1 2

Physics Division 1

PREP

Marine Physics I Division 1

Marine Physics II Division 1

Materials Engineering Division 1

PRET

Physiology Division 1

PRIE

Radio Physics Laboratory 2

Chemical Laboratory 2

DCBRE

Biological & Chemical Division 2

TOTAL 9 17
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TABLE 7 - The Number of University Students Given 
Summer Employment 1n Scientific Activities, 1962-1968

Year DREA CARDE DRES DREA DREP DRET DRTE DCBRE DRNL OTHERS TOTAL

1962 17 Al 11 7 10 11 24 8 3 0 132

1963 13 28 7 7 8 11 33 15 2 7 131

1964 14 24 9 9 10 9 29 14 0 3 121

1965 13 30 7 10 9 9 25 13 - 2 118

1966 14 27 8 11 9 10 27 14 - 3 123

1967 15 25 8 11 7 8 22 17 - 2 115

1968 13 23 10 9 8 9 21 11 - 2 106
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ANNEX VI - EXPENDITURES ASSOCIATED WITH SCIENTIFIC ACTIVITIES

1. The following five tables show the expenditure of DRB funds on scientific 

activities according to the categories given in the "Guide for Submission of 

Briefs and Participation in Hearings". The definitions of the categories and 

their sub-divisions given in Appendix B of the Guide were used in conjunction 

with the definitions used by the Dominion Bureau of Statistics in the Survey 

Fom "Federal Government Expenditures on Scientific Activities" issued in 1967.

It should be noted that since DRB is a research organization all its funds are 

expended on scientific activities.

2. The amounts in Tables 1, 2 and 3 were derived by judicious treatment of 

available data by scientific staff familiar with the nature and extent of the 

Board's scientific activities for the period concerned. The amounts are there

fore informed estimates rather than exact amounts. The reason is that up to 

1966/67 resources were allocated and expenditures accounted for by the tradi

tional governmental method based on objects of expenditures and organizational 

units. Hence there are no records for these years on the expenditures associated 

with the functions, scientific disciplines, etc., as defined in the guide-lines. 

In 1967/68 the Board began to categorize expenditures by projects but even these 

do not yield the required data directly because the great majority of projects 

are interdisciplinary.

3. The amounts in Tables 4 and 5 were taken directly from records.

4. Table 4 shows operating and capital expenditures for DRB headquarters 

and the research establishments for the period 1962-63 to 1967-68 and the

estimates for 1968-69.
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10 TABLE 1 — Expenditures by Function (1) (in thousands of dollars)

62-63 63-64 64-65 65-66 66-67 67-68 68-69

Operational
Intramural 26,800 27,300 27,300 29,900 31,300 34,600 36,200

Scientific Information 400 400 500 500 500 600 600

Industry Support 1,200 3,400 6,400 8,300 9,000 8,000 4,500

University Support 1,900 1,900 1,900 2,100 2,500 2,800 2,900

TOTAL 30,300 33,000 36,100 40,800 43,300 46,000 44,200

Capital
Research Ship 3,700 6,100

Major Construction 600 600 700 800 900 700 500

TOTAL 600 600 700 800 900 4,400 6,600

GRAND TOTAL 30,900 33,600 36,800 41,600 44,200 50,400 50,800

NOTE: 1. Estimated expenditures for fiscal year 1968-69.
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TABLE 2 - Expenditures By Scientific Disciplines (1) (2) (in thousands of dollars)
62-63 63-64 64-65 65-66 66-67 67-68 68-69

Engineering and 
Technology 18,200 20,600 23,700 27,200 28,900 29,900 26,600

(RSP) (3) (800) (2,600) (3,000) (4,300) (3,500)

Natural Sciences

Atmospheric Sciences 1,100 1,100 1,100 1,300 1,300 1,500 1,600

Bio*logy 600 700 700 700 700 800 900

Chemistry 900 900 900 1,000 1,100 1,400 1,500

Medicine 2,100 2,100 2,100 2,300 2,400 2,600 2,900

Oceanography 1,100 1,100 1,100 1,200 1,300 1,400 1,500

Physics 5,200 5,400 5,400 5,900 6,200 6,900 7,600

Solid Earth Sciences 300 300 300 300 400 400 500

TOTAL 11,300 11,600 11,600 12,700 13,400 15,000 16,500

Social Sciences

Psychology 800 800 800 900 1,000 1,100 1,100

GRAND TOTAL 30,300 33,000 36,100 40,800 43,300 46,000 44,200

NOTES: 1. Does not include major construction or research ship construction (Table 1) because they cannot be 
identified with a particular discipline.

2. Estimated expenditures for fiscal year 1968-69.
3. Responsibility of Research Satellite Program (RSP) transferred to proposed Department of Communications in 1968-69.
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10à TABLE 3 — Expenditures by Area of Application (1) (2) (in thousands of dollars)

62-63 63-64 64-65 65-66 66-67 67-68 68-69

Space Travel and
Communications 800 2,600 3,000 4,300 3,500

War and Defence 30,900 32,800 34,200 38,600 39,900 46,900 50,800

Telecommunications (5,100) (5,000) (5,200) (5,300) (5,700) (6,600) (4,900)

TOTAL 30,900 33,600 36,800 41,600 44,200 50,400 50,800

NOTES: 1. The amounts shown in Space Travel and Communications are the costs of 

the Research Satellite Program, which has been transferred to the 

proposed Department of Communications in 1968-69 fiscal year. The rest 

of DRB's budget is related to War and Defence. However a portion of 

DRB's budget spent on research related to military communications is 

relevant (to a significant degree) to general telecommunications, also. 

This part is identified separately as Telecommunications but it is also 

part of War and Defence.

2. Estimated expenditures for fiscal year 1968-69.

Science Policy 
405



TABLE 4 - Operating and Capital Expenditures by Unit

700 701 702 704 705 707 708 709 710 711 713 714
Expenditures ($000) Jfi CARDE PRES DRKL(a ) GIES(b) DREA PREP DRNL(c) DRAE(d) PRET PRIE DCBRE TOTAL
1962-63 Operating 4,678 6,539 2,828 342 5 1,546 775 215 994 3,822 1,050 22,794

Capital 780 1,563 305 20 354 370 42 45 1,295 173 4,947
TOTAL 5,458 8,102 3,133 362 5 1,900 1,145 257 1,039 5,117 1,223 27,741

1963-64 Operating 5,229 6,270 2,805 9 1,798 797 223 949 3,821 1,321 23,222

Capital 802 1,499 347 394 254 39 68 1,149 534 5,086
TOTAL 6,031 7,769 3,152 9 2,192 1,051 262 1,017 4,970 1,855 28,308

1964-65 Operating 5,358 6,241 2,852 1,714 863 214 969 3,883 1,326 23,420

Capital 1,138 1.467 367 313 216 8 125 1,295 156 5,085
TOTAL 6,496 7,708 3,219 2,027 1,079 222 1,094 5,178 1,482 28,505

1965-66 Operating 5,988 6,850 3,286 1,841 1,031 55 1,073 4,234 1,459 25,817

Capital 1,128 1,613 465 606 222 133 1,035 274 5,476
TOTAL 7,116 8,463 3,751 2,447 1,253 55 1,206 5,269 1,733 31,293

1966-67 Operating 6,112 7,553 3,585 2,069 1,052 1,184 4,875 1,618 28,048

Capital 18 1,753 557 513 488 170 822 347 4,668
TOTAL 6,130 9,306 4,142 2,582 1,540 1,354 5,697 1,965 32,716

1967-68 Operating 7,311 7,926 3,714 2,172 1,172 1,415 5,369 1,710 30,789

Capital 3.749(e) 1,740 475 485 373 489 1,201 246 8,758
TOTAL 11,060 9,666 4,189 2,657 1,545 1,904 6,570 1,956 39,547
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TABLE 4 - Operating and Capital Expenditures by Unit (Cont'd)

700 701 702 704 705 707 708 709 710 711 713 714
Expenditures ($000) JE CARDE PRES DRKL(a) GIES(b) DREA PREP DRNL(c) DRAE(d) PRET DRTE DCBRE TOTAL

Estimates
1968-69 Operating 8,252 8,230 3,708 2,489 1,400 1,119 1,419 5,814 1,824 34,255

Capital 6.264(e) 1,549 618 713 328 418 1,078 223 11,191
TOTAL 14,516 9,779 4,326 3,202 1,728 1,119 1,837 6,892 2,047 45,446

GRAND TOTAL 56,807 60,793 25,912 362 14 17,007 9,341 796 1,119 9,451 39,693 12,261 233,556

NOTES: (a) Defence Research Kingston Laboratory was closed in 1964 and the program and staff combined with DCBRE, Ottawa.

(b) Grosse Ile Experimental Station was transferred to the Department of Agriculture in 1964.

(c) Defence Research Northern Laboratory was transferred to the National Research Council in 1965.

(d) Defence Research Analysis Establishment was first provided with separate funding in 1968-69.

(e) Includes funds for research vessel under construction.
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TABLE 5 - Funds Expended to Further Professional University Education of Staff

Year
Scholarships to 
Existinq Staff

Financial Assistance 
to New Employees* Total

1962-63 $ 14,694 $ 6,718 $ 21,412

1963-64 6,921 11,782 18,703

1964-65 35,471 5,155 40,626

1965-66 83,430 5,761 89,191

1966-67 124,595 6,340 130,935

1967-68 144,881 9,000 153,881

1968-69 (to date) 46,522 3,750 50,272

* Expenditures for graduate students who have not yet done work for 
the Board but who are taken on strength while still doing university 
work and, subsequent to graduation, are placed in DRB establishments.
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ANNEX VII RESEARCH POLICIES

PART I INTRAMURAL RESEARCH ACTIVITIES

PROGRAM AND PROJECT SELECTION
1. The process of selecting, initiating and monitoring intramural programs 

and projects is characterized by extensive consultation between the Defence 

Research Board, the Canadian Forces and the research and development agencies 

of our allies, particularly the United States and Great Britain. Most of this 

consultation takes place informally on a continuing basis by means of visits, 

meetings and conferences. The process establishes the areas of defence 

requiring both short-term and long-term research attention and hence the 

requirements for both applied and basic research. The selection of particular 

programs and projects within these areas is based on defence equipment and 

knowledge requirements, resources available including Canadian expertise and 

facilities, and the value to both Canada and her Allies. Duplication of work 

being done in other countries is diligently avoided. The programs finally 

selected are those most closely related to Canadian defence problems and 

most valuable in the context of exchanging defence scientific information 

with our allies because of their relevance to both Canadian and Allies' 

programs.

2. Policy formulation, program planning and reviewing are the responsibility 

of the central headquarters, but the Board's policy of delegating implementa

tion of centrally determined policy and program decisions to the performing 

units (i.e. the research establishment) means that the initiation and monitor

ing of projects at the scientific and technical levels is the establishments' 

responsibility. It is emphasized that HQ approval must be obtained before 

initiation and that on-going programs are subjected to periodic reviews by a 

senior committee known as the Program Review Group. This is a formal process 

which formally establishes whether or not programs are justified in relation

to requirements, available resources and work in other agencies, departments 

and countries. The scientific and technical quality of the work is also 

critically examined and only those of high quality receive support. The Chief 

of Plans and his staff have the responsibility of analyzing and evaluating
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existing, proposed and required programs in the context of DRB's overall 

responsibilities and resources and of making recommendations to the Program 

Review Group.

ESTABLISHMENT OF PRIORITIES
3. For the past five years relative priorities of projects and programs 

were established, in part, by use of a Merit Rating system. Merit ratings

were derived to give a numerical value for the intrinsic importance of projects. 

The process involved qualitative and subjective judgments by the specialists 

in the performing organization in relation to defence requirements, foreign 

programs, anticipated degree of success and the estimated value of the results. 

The numerical value so obtained was used as an aid to decision-making and not 

as a determinant by itself.

4. The complete range of programs and projects encompasses work in many 

fields of science, engineering and technology and most fields have activities 

in many areas of the research and development spectrum from objective basic 

research to preliminary development. Priorities are expressed and implemented 

in different terms in different areas. Thus, in common with most government 

and industrial research organizations, objective basic research priorities are 

expressed in terms of the manpower and financial resources that are alioted to 

selected areas. In applied research and preliminary development they are 

expressed in similar terms but with the addition of target dates or milestones 

designed to complete the tasks at a predetermined time. In the preliminary 

development phases of projects critical path networks and similar techniques 

are used wherever appropriate — for example, they have been used in the develop

ment of the meteorological rocket at GARDE and the satellite programs at DRTE.

CONTRACTUAL PROJECTS IN SUPPORT OF INTRAMURAL PROGRAMS
5. The Board's policy has always been to do as much research as possible by 

contract with industry, universities and other agencies. Its aims have been

to avoid building up within the Board any facilities or teams of experts which 

would duplicate those existing elsewhere in Canada and to bring to bear on 

defence science problems any and all Canadian expertise and capabilities wher

ever they may be found. The Board's policy regarding the funding of extramural 

research programs will be found in Part II of this annex.
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6. The following table of expenditures for research in support of intramural 

programs gives the dollar value of the contracts in industry, universities and 

other Government agencies.

Industry Universities Gov't Aqenci

1963-64 1,200,000 400,000 160,000

1964-65 3,371,000 447,000 168,000

1965-66 3,994,000 368,000 180,000

1966-67 4,993,000 417,000 180,000

1967-68 4,238,000 642,000 198,000

7. The kind of work and distribution of research projects between the 

various sectors is illustrated below in the list of research contracts costing 

$15,000 or more placed in the current fiscal year (1968/69). The list does not 

include contracts placed in previous years which are continuing in this fiscal 

year nor grants to universities and industry for research purposes.

Title of Contract Amount $ Aqencv, Firm or University

1. Study of Terrain Evaluation 
for Mobility 22,200 McGill University

2. Study in the Physical
Properties of Ice 24,560 McGill University

3. Study of Rate Effects On 
Development of Soil Strength 
Related to Dynamic Similitude 
of Vehicles 23,260 McGill University

4. Study of "Detection of Signals 
in Noise" 24,993 Queen's University

5. Studies Related to Microwave 
Propagation 15,800 McGill University

6. Meteorological Studies of the 
Hazen Lake Tanquary Fiord Areas 17,500 McGill University

7. Structures and Properties of 
Uranium Based Alloys 24,900 University of British Columbia

8. Theoretical and Experimental 
Studies on Microwave Scattering 
Phenomena from Hypersonic 
Turbulent Wakes 24,810 Laval University

9. Study of Electrostatic Probe 
Techniques 45,000

RCA Victor Company Limited, 
Montreal, Quebec.

10. Studies on Difunctional and 
Trifunctional Hydroxyl- 
terminated Polyether 20,000 Laval University
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Title of Contract Amount $ Agency, Firm on University

11. Research Program on Polymer
Materials 25,000

12. Research in Rocket Motor 
Stress Analysis

13. Studies in Radiation Effects 
with relation to Stratosphere 
and Mesosphere

14. Research on the Radiation 
Effect in the Ultraviolet and 
Visible Regions of the Spec
trum from Nuclear Explosions

15. Investigation of Ceramic 
Materials in multi-oxide 
systems

16. Fundamental Studies of the 
Structure and Physical and 
Mechanical Properties of 
Thin Electrodeposited 
Metal Foil

17. Contractual Support of 
Research Satellite Program

Polymer Corp., Sarnia 

24,000 Nova Scotia Technical College

15,402 University of Saskatchewan

15,000 York University

38,062 Duplate Canada Limited

18,000 Nova Scotia Technical College

(a) Operation and Maintenance of
the DRTE Telemetry Station 85,000 Computing Devices of Canada,

Bells Comers, Ontario

(b) Operation and Maintenance of 
the DRTE Data Processing
Center 120,000 Philco-Ford of Canada

(c) Operation and Maintenance of
the Satellite Control Office 40,000

(d) Maintenance of DRB Equipment
at Resolute Bay 15,500

(e) Design, Fabrication, and 
Launch Operations of
ISIS "B" 2,800,000

Computing Devices of Canada

Computing Devices of Canada

RCA Victor Company Limited, 
Montreal, Quebec.

8. The number of smaller contracts placed to date is 14. Six are in the 

range $2-5,000, five in the range $6-10,000 and three in the range $10-14,000.

RESOURCE REALLOCATION ARISING FROM PROGRAM CHANGES
9. Changes in the technological environment and in defence requirements 

have made it necessary to shift research resources from one program to another. 

In a few cases, programs have been terminated. The main difficulties that arise 

are associated with personnel and facilities.
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10. In most cases it is neither desirable to suddenly terminate the employ

ment of staff nor to lose the scientific and technical knowledge and expertise 

that has been developed. Considerable effort is made to reorient programs so 

that the staff's abilities may be applied to new problems or duties.

11. Although many shifts of programs have been accomplished in such a way as 

to re-utilize the staff in new or changed programs, the complete termination 

of a program has sometimes necessitated a loss of at least some of the staff. 

For example, in 1961 it was decided to close out a program of food research 

and technology which had been conducted successfully for several years. Of 

seven professionals, three resigned, two were successfully transferred within 

the establishment and two elsewhere within DRB. In another instance, it was 

decided to terminate a chemistry program in two phases ; following the first 

phase the three professionals involved decided almost immediately to leave DRB. 

Of the three scientists employed in the work which was terminated later, one 

was successfully reallocated within the establishment, one elsewhere within 

DRB, and the third in another federal government research agency.

12. In short, personnel problems associated with program changes are resolved 

by the processes of attrition, re-orientation, and transfer to new posts and 

duties, such as scientific administration and liaison.

13. Facilities and equipment pose serious problems only when they are unique 

to the program being terminated. Equipment is either transferred to another 

establishment which can use it or declared surplus and transferred to Crown 

Assets Corporation for disposal. When buildings and major installations are 

involved their possible usefulness to other government departments is investi

gated and, if appropriate, a transfer is arranged. Otherwise they are trans

ferred to Crown Assets Corporation. In some cases the Board may offer useful 

advice to the Corporation concerning the disposition which would be to the 

best public advantage.

TRANSFER OF RESEARCH RESULTS TO OUTSIDE AGENCIES
14. Intramural and contracted extramural research results are transferred

to industry, other government agencies, and universities having potential need
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of them in a variety of ways. First and foremost is the publication of results 

in the scientific literature or the establishments' own series of reports and 

technical memoranda. The latter are catalogued in the document holdings of the 

Defence Scientific Information Service. These are automatically announced to 

DSIS customers in industry, appropriate government agencies and others who 

request information from DSIS, where not precluded by the security restrictions 

which must be applied to some of these documents. Results are also transferred 

by means of patent action. (Statistics on the number of such reports will be 

found in Annex VIII).

15. Transfer also takes place from individual to individual by presentation 

of papers at meetings of professional societies and by visits of DRB personnel 

to universities, other agencies and industries. Similar visits are made by 

extramural scientists and engineers to DRB establishments. Transfer at the 

individual visit level is particularly effective in connection with the 

Industrial Research Grant program.

16. Research results are also communicated in informal seminars or meetings 

originated and convened by the establishments in selected fields and areas

of science and engineering to which extramural personnel are invited.

PART II EXTRAMURAL RESEARCH ACTIVITIES

GENERAL

17. Under the provisions of the National Defence Act, the Defence Research 

Board is responsible for research in Canada in fields of primarily defence 

interest. One of the ways the Board carries out this responsibility is to 

foster and support fundamental research in Canadian universities and applied 

research in Canadian industry through a system of grants.

18. DRB has no units whose sole activity is the funding of extramural 

scientific activities but it does have a separate Parliamentary Vote for the 

stimulation and support of defence research in Canadian universities and 

industry. This vote is administered by the Board's Headquarters as two separate 

programs — one for university grants, another for industrial research grants. 

However, as will be explained later in more detail, the scientific monitoring
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of individual grants is done by scientists and engineers in the various 
establishments. Although these programs have many similarities, the differences

are significant and so each is described separately and in detail in Appendices.

19. University Grants Program. The awarding of grants to members of university 

staffs has three objectives. The first is to acquire new scientific knowledge 

that may prove applicable to the solution of technical defence problems ; the 

second is to develop and support in the scientific community as a whole an 

interest in defence science that will have a potential value in the long-term 

maintenance of a defence research capability; the third is to assist in staff

ing the various establishments of the Board with promising young scientists.

The main criteria used in judging grant applications are the scientific quality 

of the proposed work and its relevance to defence interests ; it need not be 

related to the intramural program of the Board.

20. Defence Industrial Research Program. Grants are awarded to promote and 

strengthen the research capability of Canadian industry in defence technologies 

Assistance is available to enable firms to establish new research programs or 

to expand existing research activities. The ultimate goal is to improve both 

the quality and quantity of applied research in Canadian defence industry so

as to enhance its ability to meet the needs of the Canadian Armed Forces com

petitively and to participate in the development and supplying of equipment 

to our allies.

21. Projects submitted to DRB for appraisal are initiated by Canadian 

companies and are not necessarily related to the DRB intramural program.

22. The Advisory Committee on Defence Industrial Research which examines 

and makes recommendations regarding company proposals, is an interdepartmental 

committee composed of representatives from the Defence Research Board, National 

Research Council, Department of Industry and Department of Energy, Mines and 

Resources. Once the research stage is completed, it is possible to advance a 

program into the development stage through various assistance programs of the 

Department of Industry. Proposals having minimal defence interest can be re

ferred to the National Research Council for consideration for support under
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their Industrial Research Assistance Program. By this means, duplication of 

support of research programs in similar fields of endeavour by separate Federal 

agencies is avoided.
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APPENDIX A - ANNEX VII

UNIVERSITY GRANTS PROGRAM

SELECTION OF PROJECTS
1. Annually in August, information is sent out to all Universities in Canada 

concerning the DRB Extramural Grants program. The information consists of a 

general announcement for posting on bulletin boards and circulation to staff 

members, a letter to all Academic Deans, and brochures delineating the major 

areas of the Board's scientific interests. Submission of applications is 

requested by 1 November.

2. As applications are received from University staff in late October, each 

one is allocated to its appropriate field, and automatically becomes potentially 

a "project" therein.

3. Since the Board is now receiving a volume of research grant applications 

which exceeds by a factor of 2 the funds available, rather rigid criteria of 

selection must be employed in deciding which projects qualify for support. The 

first basis for evaluation is of course the scientific quality of the sub

mission; secondly, since the Board's activities must be mission-oriented, the 

degree of relevance which an application has to problems of defence science 

must be established.

A. To evaluate scientific quality, we have some 25 Advisory Committees and 

Panels comprised of experts in their specific fields and drawn from the Uni

versities, other government departments, and industry. Each Committee reviews 

all applications assigned to it, and grades them on scientific quality. In 

arriving at the grade, committees examine the research accomplishments of the 

applicant, his publication record, the completeness and relevance of his method 

of approach, and his experimental plan. In the case of a relatively inexperienced 

applicant, i.e. a recent graduate, such factors as his academic record, the 

reputation of the department, faculty, and University where he received advanced 

training are also factors in the selection process.
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5. Since it is the policy of the Board (as enunciated in the National Defence 

Act) to support only that research which is of interest to defence, all appli

cations are scrutinized also on that basis. In this operation a 5 point scale

is used to categorize projects, rather than to rate them competitively.

Category I identifies projects of current applicability to present Establish

ment programs ; Category II identifies projects on which Establishment scientists 

would be working if time and manpower permitted ; Category III is used to 

identify projects which, while not of specific interest to Canadian defence 

problems, are nevertheless of broad defence significance ; Category IV 

identifies projects not included in the first three, but of some importance 

in that training would be accorded to students (potential Board employees) in 

areas wherein defence applicability might be expected to increase. Category V 

identifies projects in which no defence interest can be discerned.

6. It should be noted that the foregoing are categories not grades. Thus, 

a Category II or Category III project might be of greater significance than 

a Category I project and be preferred for support because Categories I, II, 

and III are regarded as being of approximately equal significance.

7. The University Grants Review Committee meets again after the reports of 

the Advisory Panels have been submitted, reviews their findings together with 

any other expert opinions obtained and makes recommendations which are sub

mitted, along with the Advisory Committee reports, to the Defence Research 

Board for review and submission to the Minister of National Defence.

EVALUATION OF RESULTS
8. An annual progress report is submitted in October by each grant recipient 

and is evaluated by Establishment scientists and by the appropriate Advisory 

Committee. That study is carried out in conjunction with examination of the 

application for support during the ensuing fiscal year.

PRIORITY IMPLEMENTATION
9. Speaking generally, priorities are implemented by controlling the pro

portion of available funds allocated to programs comprising the various dis

ciplines and sub-disciplines. A small committee of the Board (the University
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Grants Review Committee) consisting of the Chairr.an of the Standing Committee 

on Extramural Research, the Deputy Chairman (Scientific), the Chief of Plans, 

and the Executive Secretary, University Grants, meets annually in December to 

determine appropriate apportionment of the available funds to some 15 fields 

which the Board is either supporting or proposes to support in the fiscal year 

under consideration. The Committee has available to it Establishment opinions 

and those of the Armed Services as to areas wherein support should be increased 

or decreased, as the case may be.

10. Insofar as individual projects are concerned, priorities are implemented 

during the selection process described in paragraphs 2-8.

REALLOCATION OF RESOURCES

11. If the changing technical environment requires a shift in resources and a 

decrease in the funds allotted to a particular field, such a decrease is 

effected by reducing the number of grants in that field. It is Board policy

to give a year's notice of intent to holders of grants which are to be termi

nated. No difficulties have been encountered in the operation of this system 

of termination.

TRANSFER OF RESULTS

12. The transfer of results to those having need of them is accomplished in 

three ways. The first of these is through direct liaison between the Board's 

scientific staff and the grantees ; the second is by submission of the annual 

reports referred to earlier; the third is by publication in scientific journals.

EXPENDITURE OF AVAILABLE FUNDS

13. In each of the years 1962/63 - 1966/67 100% of the funds available was 

actually expended.

29099—11
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PROPORTION OF REQUESTS ACTUALLY GRANTED
15. The percentage of the total funds

1962- 63

1963- 64

1964- 65

1965- 66

1966- 67

1967- 68

requested that were In fact granted was

- 71%

- 62%

- 56%

- 60%

- 53%

- 59%

16. The volume of applications has Increased steadily. The Improved ratios 

shown for 1965-66 and for 1967-68 result from the fact that In those years we 

were able to Increase our university grants budget by $140,000 and $400,000 

respectively. (Figures for 1968-69, however, demonstrate the lowest ratio on 

record, l.e. 42%).
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APPENDIX B - ANNEX VII

DEFENCE INDUSTRIAL RESEARCH PROGRAM

GENERAL
1. This program was inaugurated in the summer of 1961 when it became apparent 

that in addition to the support which was already being giwen to industry in 

the development'of defence equipment, there was a need to stimulate and promote 

the creation or extension of Canadian industry’s research capability.

2. The responsibility for this program was given to the Defence Research 

Board. In a brief to the Treasury Board and the Department of Defence Production 

given in October 1961, DRB outlined its plans and described the program as 

being intended "to increase Canada's ability to participate in the development 

and supply of defence equipment to meet North American and NATO requirements. 

Thus, the DIR program will provide an essential complement to the existing 

development and production sharing programs sponsored by the Department of 

Defence Production".

3. With the establishment of the new program, the Defence Research Board 

set up a Directorate of Industrial Research and arranged for appropriate 

scientists in its establishments to advise and assist the Director. Technical 

advice is also sought when required from other government agencies such as 

the National Research Council, Energy, Mines and Resources and the National 

Aeronautical Establishment. The Department of Industry cooperates with DRB

in the appraisal of the financial and industrial aspects of the companies who 

are receiving support under the program.

4. The initiative for submitting proposals rests with industry. Grants are 

available only to companies or groups of companies incorporated in Canada and 

such grants are given only for research to be performed in Canada. Financial 

assistance is provided in the form of non-refundable grants for specific 

research projects of broad defence interest. Normally the Crown and the com

pany share equally the total cost of the research. The results of the research 

must be exploited in Canada, unless exceptional circumstances warrant

29099—11J
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otherwise. Research data, patents and equipment remain the property of the 

company. However, licensing to a foreign user requires permission from DRB 

and the Crown has royalty-free use.

5. A special agreement exists between DRB and the United States Air Force 

(USAF) whereby the latter agency may share in the provision of support of 

defence research projects in Canadian industry. Since Canadian financial input 

comes from the DIR fund, such projects must meet the aim of the DIR program; 

they must also be of sufficient interest to the USAF to warrant their support.

In cases where support is given in this manner, the company normally makes no 

financial contribution, though a three-way split is possible. Six joint projects 

currently are being carried out with USAF support.

SELECTION OF PROJECTS
6. In the early stages of the program the normal DRB-DDP contracting pro

cedures were followed, but this system imposed delays and has since been 

replaced by an arrangement whereby the companies are given non-refundable 

grants.

7. The initial company proposal is screened by DRB specialists who discuss 

it with the company and, if necessary, with specialists in other government 

departments. If the initial appraisal is favourable, the company is invited to 

submit a formal proposal for consideration by the Advisory Committee on Defence 

Industrial Research which has representation from DRB, DOI, NRC, EM&R and 

Treasury Board. The submission is accompanied by a brief from DOI giving its 

appraisal of the company.

8. If the Committee recommends that a grant be given and the recommendation 

is accepted by CDRB and the Minister of National Defence, a proposal is for

warded to Treasury Board. On approval of TB, DRB and the company sign a grant 

agreement.

9. In deciding whether or not to recommend a grant, the Advisory Committee 

takes account of the following:
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(1) The company's previous research record - if the Company has received 

grants previously, their record of performance is well known to the DRB 

project officer and is taken into account in the assessment of the pro

posal. If the Company is new to the programt the scientific qualifica

tions and experience of the individuals conducting the research are 

assessed as well as the research facilities provided by the Company and 

the Company’s attitude toward research.

(ii) The nature of the proposed project — it must be relevant to an important 

defence requirement, preferably one offering good prospects for the 

eventual sale of equipment to our allies. It must also be scientifically 

sound and have a good chance for a successful outcome. The DRB project 

officer frequently seeks expert advice from other government agencies 

to assist him in his appraisal.

PRIORITIES
10. Until FY 1967/68, the funds available to this program were adequate to 

support all deserving proposals received from industry. Since April, 1967, 

however, the Crown funds allocated to the program have been limited to $4.5M 

per fiscal year. This has required that proposals be treated on a more com

petitive basis, with priority being given to those proposals which are directly 

relevant to defence and show the best prospects for exploitation in the defence 

export market.

MONITORING AND ASSESSMENT
11. DRB and DOI each appoint a project officer whose duty it is to monitor 

progress and to visit the Company, as required. Each project is reviewed once

a year by the project officer and a recommendation is submitted to the Advisory 

Committee on Defence Industrial Research for or against continuation of the 

grant.

12. Projects normally run for 2 to 3 years. If the initial work shows that 

further research is required, the company may request an extension; such a 

proposed extension is given the same appraisal as a new submission. Many 

companies have several DIR projects running simultaneously.
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13. To obtain some measure of the effectiveness of the program, a simple 

questionnaire is sent each year to all holders of currently-active grants. It 

asks for the number of scientists and assistants being supported, the increase 

in research facilities, the number of scientific publications issued, the 

number of patents obtained and so on. It also seeks to obtain some measure of 

the increase in sales directly or indirectly attributable to the research 

program; however, since the relation between a research project and sales is 

often difficult to trace in measurable terms, such information must be treated 

with a certain amount of reserve.

PRIORITIES IN ALLOCATION OF RESOURCES
14. Since the initiative for submitting proposals lies with individual 

companies, little attempt has been made to allocate funds to specific techno

logical areas. In view of budgetery restrictions, however, consideration is 

being given to setting priorities. Possible factors would be the importance 

of a particular area (e.g. high-temperature materials for jet engines) in the 

current spectrum of defence problems, and possible relevance to DRB’s own 

research program.

USE OF NETWORK METHODS
15. Individual companies such as Canadair Limited use network methods to 

plan and monitor their R&D programs. Such methods are of limited value, how

ever, in the research phase, where costs are relatively low and the timing of 

progress is difficult to predict.

TRANSFER OF RESOURCES
16. As mentioned above, all projects are critically assessed at the end of 

each fiscal year for continuation in the following year. Possible reasons for 

termination could be negative research results, failure on the part of the 

company to pursue the research objectives, loss of key personnel and so on. 

Normally, termination would be discussed with the grantee in an effort to 

reach mutual agreement on the course of action to follow.
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TRANSFER OF RESEARCH RESULTS

17. The Company performing the research Is usually also In the best position 

to exploit it. Both the DOI and DRB project officers are constantly alert to 

the possibility of exploitation and frequently help the grantee with advice on 

follow-on programs. This can include suggestions concerning possible collabora

tion with other companies who can take advantage of the information arising out 

of the research program.

EXPENDITURE OF AVAILABLE FUNDS
18. 1962/63 1963/64 1964/65 1965/66 1966/67 1967/68

Available $1,375,000 $5,300,000 $4,150,000 $5,788,000 $5,800,000 $4,500,000 

Expended $1,197,814 $2,582,726 $3,839,266 $5,309,239 $4,702,310 $4.499,847

Percentage 82% 49% 93% 92% 81% 100%

FUNDS REQUESTED

19. It is difficult to give a meaningful figure for the amount of funds 

requested. Many proposals are screened out during preliminary, informal dis

cussions, so that the amount requested is never recorded. The figures below 

cover only formal proposals which were submitted to the Advisory Committee for 

their assessment. It should also be noted that the amount granted in any fiscal 

year may be greater than the amount actually spent since the grantees are 

sometimes unable to spend the funds at the rate forecast.

1962/63 1963/64 1964/65 1965/66 1966/67

Requested $1,922,067 $3,548,562 $5,037,837 $7,572,162 $6,544,604

Granted $1,764,622 $3,494,562 $4,830,837 $6,911,076 $6,179,604

Percentaqe 92* 99% 962 91* 94%
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APPENDIX C - ANNEX VII

PROFESSORSHIPS OF MILITARY AND STRATEGIC STUDIES

1. Approximately one year ago, the Department of National Defence (DND) 

decided to terminate its officer-training programs in the Universities of 

Canada, i.e. the UNTD, COTC, and ROTP.

2. The Canadian Armed Forces were anxious, however, to maintain a connection 

with the Universities of Canada, and examined a number of possibilities which 

might contribute to that objective. The most effective and attractive possi

bility was through the establishment of a number of professorships of military 

and strategic studies in selected Universities.

3. The basic aim of the new program was to provide focal points of academic 

and applied military knowledge in order that undergraduate and graduate students 

might be provided with facilities to study problems of international and 

national security and allied matters in a purely Canadian context.

A. The proposal of DND was discussed by Cabinet and approved in principle 

in September 1967. That approval covered the establishment of 6 professorships, 

to be selected by an independent Committee, and awarded in open competition 

among the Universities ; the awarding of a small number of fellowships and 

scholarships to promising students; the provision of funds to support research 

programs put forward by the professors ; the allocation of $250,000 annually to 

these purposes. The Cabinet also enjoined that factors of culture and geography 

be considered in the selection process, and that all aspects of the program be 

unclassified.

5. In pursuance of this Cabinet decision, Mr. A.D.P. Heeny, Chairman of the 

International Joint Commission, was invited to act as Chairman of the Selection 

Committee. Because of its long experience in handling grants to Canadian 

Universities, the Defence Research Board was instructed to carry out the admini

strative duties involved in the operation of the program.
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6. In order that all Universities might be made aware of DND's willingness 

to support such professorships, the Department requested that the Association 

of Universities and Colleges of Canada (AUCC) distribute announcements to its 

member institutions. To this AUCC agreed, and the information was disseminated 

to all Universities in February 1968.

7. In response to the announcement, 14 Universities submitted proposals 

applying for the award of 1 of the professorships. Of these, the Selection 

Committee selected 5, i.e. Acadia, Laval, Carleton, Queen's and Victoria as 

recipients. One award is being held in abeyance in order that funds will be 

available should the services of a distinguished visitor become available.

8. Although the program provides for 4 scholarships, each having an annual 

value of $5,000, none has as yet been awarded. It was the opinion of the 

Selection Committee that the professorships should be established first, and 

that the time necessary to make known to potential applicants the existence of 

fellowships and scholarships precluded the possibility of awards prior to the 

1969-70 academic year. Because of its wide experience in handling programs 

relating to scholarships, AUCC has undertaken to promulgate information con

cerning these, to use its customary screening procedures, and to provide to 

the Selection Committee all information necessary for precise adjudication of 

applications.

9. Since the professorship program became effective only in September 1968, 

it is impossible to assess the prospects for its success. It is correct, 

however, to say that the Universities of Canada have demonstrated enthusiasm 

in applying for the awards, and appear determined to make courses on military 

and strategic studies an effective element of their curricula.
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INTRODUCTION
1. The measurement or assessment of the effectiveness or productivity of 

scientific activities is a difficult problem that has not been solved by any 

individual or organization that has attempted the task - and there have been 

many. Even the much simpler problem of judging the productivity of individual 

researchers is surrounded by controversy. For individual productivity the most 

used criteria are numbers of patents, books and articles in the scientific 

journals - the method that has given rise to the slogan "Publish or perish".

This can be done quantitatively and accurately it is true, but the criteria 

fail to distinguish between high quality, pedestrian and useless work.

2. If it is difficult to judge the quality of research output, it is even 

more difficult to judge its significance. The significance of research results 

has several facets - to science, to technology, to the economy, etc., and none 

can be measured. Furthermore their significance only becomes apparent after a 

lapse of time. Thus there are no true measures of scientific productivity only 

indicators that are of limited value.

3. A further complication insofar as DRB is concerned is that one of its 

primary outputs is scientific advice to the Minister and the Forces. There is 

no yardstick for the value of advice; even its acceptability, or lack of it, is 

no criterion of its true worth.

A. With these cautionary remarks concerning the weaknesses of certain 

quantitative data and the more general difficulties in mind, we present in the 

remainder of this Annex the data that is available and some qualitative and sub

jective indicators of the quantity and quality of the output of DRB's scientific 

activities.

PATENTS
5. Intramural. The policy of the Defence Research Board on patents is 

dictated by Minutes of the Treasury Board. In 1952, a Treasury Board Minute 

stated that the Department of National Defence would always file a patent
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application on every invention which is the product of its own Research and 

Development providing it discloses possible use by the Crown and there is a 

possibility of obtaining a patent. In addition, Treasury Board Minute 468904 of 

August 1954, states that the Department of National Defence does not seek 

patent royalty income but that royalties and fees should not be paid to others 

on patents arising from departmental research. In other words, the policy is a 

protective policy rather than one of exploitation.

6. In view of the type of work involved, the Defence Research Board may file 

its patent applications in secrecy, where security regulations demand this 

approach.

7. The number of patents arising from research activities in the Defence 

Research Board during the period 1962 to 1967 inclusive, is 85 in Canada. 

Details of the breakdown of this figure are shown in Table 1. The data are not 

shown by year because the patent authorities do not have it in that form.

TABLE 1 - DRB PATENTS, 1962/67

Country

Application

Filed In

Number of 
Applications

Filed

Number of

Patents

Issued

Number of

Patents

Pending

Number of

Submissions

Under

Consideration

Canada 122 85 37 58
US 48 33 9
UK 37 33 2
Other 15 8 7

TOTAL 222 159 55 58

8. During the same period, the number of licences granted by the Crown on 

patents issued to DRB has been six.

9. It is not possible to provide a figure for the value of resulting 

production in Canada and elsewhere because such records do not exist.

10. It should be noted that at least half of DRB intramural effort has been 

devoted to areas which seldom lead to patents such as biosciences, operational 

research, oceanography, geophysics, toxicology, etc.
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11. Industrial Research Program Patents. Defence Industrial Research projects 

which were active in 1967 resulted in approximately 120 patent disclosures, of 

which about 20 resulted in patents being obtained. However, since projects can 

start or finish at any time during the year, and may last three years or more, 

it is very difficult to relate these figures to an annual output of patents. It 

is even more difficult to give meaningful figures for the value of resulting 

production. Patents are seldom used in isolation, particularly in the electronics 

industry, being normally used in conjunction with other patents from various 

sources. How then, does one relate any given patent to a volume of production?

The effect is most often that of introducing an improvement into a pre-existing 

process or product. As part of an annual questionnaire, companies receiving DIR 

grants reported a total production figure of approximately $25,000,000 which 

they related directly or indirectly to DRB research support of all projects 

active in 1967. Much of the research information was not patented, however, and 

it is impossible to relate this overall figure to specific patents. It should 

also be added that most of this sum can be attributed to a relatively small 

number of very profitable projects; on the other hand, there are also examples

of research results contributing to extremely successful product lines which are 

not reflected at all in the $25,000,000 figure. A major study would be required 

to obtain a more accurate assessment.

BOOKS OR JOURNAL ARTICLES
12. It is the Board's policy to encourage its scientists to publish as much 

of its research results as possible in the scientific journals. Table 2 shows 

the statistics for the period 1962-67.

TABLE 2 - BOOKS AND JOURNAL ARTICLES
1962 1963 1964 1965 1966 1967 Total

Intramural 146 165 131 129 135 113 819

Extramural 112 194 217 193 72 85 873

TOTAL 258 359 348 322 207 198 1692

REPORTS
13. Each DRB establishment has its own internal series of reports and tech

nical notes. Reports in these series are comparable to journal articles in 

scientific or technological quality but are published in this form because the
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subject matter is either classified or related to specific applications and 

hence not appropriate for scientific or technical journals. Table 3 shows the

:istics for such reports . It does not include technical notes.

TABLE 3 - REPORTS

1962 1963 1964 1965 1966 1967 Total

Intramural 154 140 120 120 115 121 770

Extramural* 1 19 28 18 4 1 71

TOTAL 155 159 148 138 119 122 841

Research Contract Reports

TRANSFER OF INFORMATION
14. The transfer of information arising from intramural programs is described 

in Annex VII, Appendix B, paragraph 17, and from the university grants program 

in Annex VII, Appendix A, paragraph 12. In the case of the defence industrial 

research program companies in receipt of DIR grants receive much valuable 

assistance from visits to DRB laboratories and by means of discussions with 

individual scientists. The results of company research programs are company 

property and cannot therefore be disclosed by DRB to other non-governmental 

agencies.

15. The transfer of scientific and technological information obtained from 

other countries requires special arrangements because of the volume and com

plexity of the information. These arrangements are described in the following 

five paragraphs.

16. Scientific and technical information in document form for defence users 

is obtained from friendly countries under a variety of formal agreements. A 

number of agencies assist in this process, but the main one concerned is the 

Defence Scientific Information Service (DSIS) of Defence Research Board. DSIS 

is responsible for acquiring, cataloguing and disseminating these documents, 

and for subsequent retrieval of information derived from them. (See Annex II, 

Appendix C for a description of DSIS' functions.)
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17. Between 30,000 and 40,000 such documents are acquired annually. The 

majority are either security-classified or limited in availability for distri

bution for other reasons. The agreements under which the documents are released 

to Canada by the country owning them, specify that the information contained in 

them is to be used by Canada for defence purposes only. The agreements also 

specify that the documents and the information contained in them must be given 

the same degree of protection as that given to them by the originating country. 

These agreements are of course reciprocal, the other countries giving similar 

consideration to any Canadian information released to them.

18. DSIS' normal responsibility is to ensure that the documentary information 

obtained is made available to these agencies requiring it for defence purposes:

- the Canadian Forces and their contractors,

- the Department of Defence Production,

- the Defence Research Board establishments,

- DRB grantees and contractors, and

- any other departments or institutions carrying out research and 

development on behalf of defence.

This responsibility is met by three main methods. These are:

(a) selective circulation and distribution of documents received on a 

priority basis ;

(b) selective dissemination of announcements of availability of documents, 

consistent with security requirements;

(c) catalogue searches and other aids to information retrieval, to meet 

specific demands.

19. These functions are still being carried out manually. Plans have been 

prepared, and are now being implemented, to carry out all but the intellectual 

parts of these processes by computer. Conversion is expected to be substantially 

complete by 1972, leading to an improved service for the defence scientific and 

technical community.

20. A portion of the material received through defence agreements has no 

restrictions on its subsequent use in Canada. Most of that portion is simul

taneously or subsequently made available to the public in the originating
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country, and could therefore be obtained directly from that country by any 

Canadian agency or individual. Usually, also, the same material would have 

been made available to the National Science Library for the benefit of the 

Canadian public. However, DSIS does assist many enquirers from industry and 

from agencies outside defence by lending unrestricted material not available 

elsewhere in Canada.

POST-DEPARTURE SCIENTIFIC CONTRIBUTIONS OF DRB-TRAINED INDIVIDUALS
21. Many former DRB employees hold distinguished posts in universities, 

industry, and other government departments and a large proportion of these 

launched their careers by the research training and experience they gained 

while with DRB. However, it is felt that it would be inappropriate to name 

individuals.

UNIQUE AND VALUABLE RESEARCH TEAMS, 1962-1967
22. The Board has had many valuable and unique research teams since it began 

in 1947. Some have ceased to exist, others were built up over a long time. The 

following list includes the basic and applied research teams that DRB considers 

to havé been unique and valuable in important fields of defence science during 

1962-67, and hence can be considered as national resources, created as a result 

of DRB's activities. No significance is to be attached to the order in which 

they appear.

23. Underwater Acoustics. Three teams of scientists at DREA working on 

underwater acoustics have made unique and valuable contributions during this 

period. One team's studies of reverberation due to the back scattering of 

acoustic energy from the surface, bottom, and volume of the ocean, have produced 

papers which are accepted as classics and have sparked much work in other 

countries. Of particular importance and interest has been the investigation of 

volume reverberation which has been shown to arise from the scattering of 

sound from layers of biological origin deep in the ocean. This team is the

otily one in Canada with a knowledge of the acoustic phenomena of these layers 

from Iceland to Puerto Rico and from Halifax to Gibraltar. These layers may 

have broad implications for biological oceanography and joint research with 

marine biologists of the Fisheries Research Board is planned. This team has an
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international reputation and its members are in demand as consultants to US and 

NATO agencies.

24. The only research in Canada on the effects of design, fabrication, 

materials and high stresses on underwater transducer performance is carried out 

by a team at DREA. In addition to carrying out research into improved trans

ducers for underwater acoustics research, investigations are made of the 

electrical and electro-acoustic properties of piezo-electric ceramics. In the 

past few years they have pioneered work on the effect of the ocean environment 

on the properties of these ceramics particularly on the effect of high stresses 

developed by high pressures deep in the ocean. The team has shown, for instance, 

that high stresses can, under particular conditions, considerably change the 

properties of the piezo-electric materials and these have implications not only 

for the designer of practical transducers but also to the solid state physicist.

25. Hydrodynamics Research. During the period 1962-67, the small team 

responsible originally for the research which led to the development of the 

hydrofoil ship HMCS Bras D'Or has been built into a unique hydrodynamics 

research team. Its strength was increased from about 5 to 14 professionals 

during this time. In the field of hydrofoils the team has an enviable inter

national reputation and has provided a large support effort to the RCN and the 

contractor in the design stages of HMCS Bras D'Or and will be responsible for 

the scientific aspects of its performance trials. The defence interests and 

applicability of high-speed hydrodynamics is not confined to hydrofoil craft. 

High-speed hydrodynamics research is essential to the high-speed towed bodies 

such as variable depth sonar employed by hovercrafts, helicopters and surface 

vessels as well as hydrofoil craft. It is also important with respect to 

faired towing cables and propeller noise.

26. Interest in towed bodies has been shown by the Department of Energy Mines 

and Resources and the Department of Fisheries and discussions with these 

agencies and the Ship Section of NRC have resulted in the latter undertaking the 

design making use of DREA information and using BADDECK as a towing facility.
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27. At DREP the underwater acoustics research resources are devoted to 

studies of ambient sea noise, reverberation and propagation under ice in the 

Arctic. A first class team with the necessary expertise in equipment design 

and experience in their operation under the extreme Arctic conditions has been 

developed. This team is a leader in the field and has produced a considerable 

proportion of what little information is presently available on Arctic 

underwater acoustics.

28. Magnetic Anomaly Detection Research. The chief objective of the electro

magnetics team at DREP is to determine those factors in the background of the 

earth's magnetic field which may limit the performance of present and future 

submarine detection systems based on detection of anomalies in the magnetic 

field caused by the presence of a submarine. Data have been gathered from 

Northern Quebec to Antarctica, from Vancouver to Halifax, using under-the-water, 

buoy-suspended and aircraft-mounted equipment. The information produced by 

these studies is valuable not only to military equipment designers but also to 

geophysists in théir studies of the earth. DREP co-operates with both McGill 

and UBC in this area as well as with the National Aeronautical Establishment 

team engaged in developing improved military equipment.

29. Electro-Optics Research. The important technological areas of high 

sensitivity photo detectors and of lasers have been the objects of research 

for some years by a group of about five scientists at CARDE. They are abreast 

of the state of the art in solid state and injection lasers and are concentrat-- 

ing on improvements to gas lasers applications relevant to military uses for 

laser technology.

30. Hypersonic Physics Research. The Re-entry Physics Program at CARDE has 

developed a team of about 10 scientists with expert knowledge of the physics 

and aerothermodynamics of flight at high Mach numbers. Their work is an 

essential portion of the current research related to antiballistic missile 

defence technology. Their expertise is mainly valuable for military purposes, 

although their experience in aerothermodynamics, plasma physics, heat transfer, 

and physical chemistry of thermally heated gases is applicable to many problems 

of high energy and plasma flows, and the group is one of a very small number in 

Canada in this area.

29099—12
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31. Upper Atmosphere Research. A team of nine professionals at CARDE is 

active in studying the photochemical processes in the upper atmosphere. The 

team's expertise is related to military purposes such as detection of ballistic 

missiles, and night vision but the studies promise to assist in shedding light 

on climatological atmosphere.

"32. Rocket Motor Research. DRB has at CARDE a group of about 12 professionals 

with outstanding competence in the various scientific disciplines needed for 

development of solid rocket motors. These include the chemistry and processing 

of solid propellants, the dynamics of propellant combustion, and the fluid 

dynamics of rockets. The group also has experience in the development of nozzles, 

casings, and igniters. A competence in structural design and aerodynamics of 

rockets also exists at CARDE. The propulsion group was responsible for the 

original development of the Black Brant series of research rockets, and is 

essential to the present development of a small reliable and cheap meteoro

logical rocket. The work and knowledge of this team led to co-operative programs 

of rocket development with Bristol Aerospace Limited (BAL) and the CARDE 

technology on propellant manufacture was incorporated in the design of the 

BAL plant.

33. Battery Research. The Power Sources Division of DCBRE is the largest 

single group doing research and development work on batteries and fuel cells 

in Canada. It carries out a large proportion of all such work in Canada; for 

instance, virtually all the work being done on the nickel-cadmium battery 

system has been done at DCBRE. It has been responsible for the initiation of 

fuel cell research in Canadian industry and has worked very closely with the 

battery industry on a variety of problems. It has made many important contri

butions to technology in response to Forces requirements e.g. torpedo propulsion 

batteries, sonobuoy batteries, aircraft and search and rescue beacon batteries.

It also provided considerable technical assistance concerning batteries for the 

Alouette satellites. Its program and expertise cover the spectrum from funda

mental studies on electrochemical systems to the design and improvement of 

power supplies for Forces use.
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34. Nuclear, Chemical and Biological Defence. This is an area of interest 

unique to defence and its scientific and technological Aspects are not of much 

interest to universities, industry and other departments except insofar as it 

impinges on techniques related to pollution and public health. Furthermore, it 

is an area with many security restrictions. Consequently DRB has developed a 

number of teams at DCBRE and DRES which represent the only Canadian capabilities 

for research and development in this area. Briefly, they are as follows:

(a) Protection Division, DCBRE. This is the only group in Canada with the 

capability for research and development of protective equipment for 

Nuclear, Biological and Chemical Defence such as respirators and fabrics 

and clothing to protect against chemical and biological agents and high 

intensity thermal radiation. Its unique capabilities have enabled it to 

give valuable assistance to Atomic Energy of Canada Limited and industry 

in the design and development of dust masks and respirators for the 

protection of operators in hazardous environments.

(b) Chemistry Group, DCBRE. A group of chemists with the only Canadian 

expertise in the detection of chemical agents in air, water, food and 

soil and in the decontamination of skin, clothing and equipment.

(c) Microbiology Groups at DCBRE and DRES. These groups are unique in 

Canada in their knowledge of the detection, identification and behaviour 

of airborne bacteria.

(d) Toxicology and Pharmacology, DRES. The knowledge and expertise of the 

professional staff concerning the biochemistry, toxicology, prophylaxis 

and therapy of chemical agents of the nerve gas and other types, is 

unsurpassed by any other group in Canada. There are some university 

groups doing basic research relevant to this field and complementary to 

the DRES work.

(e) Hazard Evaluation. Studies of the behaviour of chemical agents in the 

field form a unique activity at DRES and have yielded invaluable infor

mation concerning the nature and extent of the hazards that would be 

faced by Canadian Forces if chemical agents were used against them.

29099—12*
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This information has been particularly valuable in determining the 

standards of protection that protective clothing and equipment must 

provide and the training standards that must be met if troops are to 

make effective use of the protective equipment and procedures provided.

(f) Shock and Blast. In the past five years the team engaged in the shock 

and blast physics research program has developed expert knowledge in the 

areas of fundamental shock and blast phenomena, the interaction of shock 

waves with variously shaped model targets, the response of requirements 

and structures to dynamic loading, the formation of craters, and the 

seismic waves produced by free field explosions. These teams utilize the 

extensive shock tube and blast simulation facilities and the large free 

field test areas, the combination of which is unique in the western 

world. This has resulted in a series of extensive co-operative trials 

with many US and British agencies and thus provides one of the finest 

examples of an international defence co-operative program. The DRES work 

and facilities have also triggered the interest of several universities 

in western Canada and have, in part, led to an increase in the research 

at such universities in the field of shock and blast physics.

35. Space Electronics. The space electronics team at DRTE has been responsible 

for the design and construction of the space craft electronics of the Alouette 

satellites. The proof of its outstanding quality is the continued performance

of the systems on the two Alouette satellites - after six years in orbit for 

Alouette I and three years for Alouette II. The performance record of these 

two satellites in unparalleled for such sophisticated satellites - regardless 

of national origin. The space electronics team is world-famous and is in the 

forefront of advanced electronic technology.

36. Ionospheric Physics. The genesis of the ionospheric physics group is 

found in naval communication problems of World War II and in the intervening 

years its work has resulted in many practical applications for use by the 

Canadian Forces. The group has a high scientific reputation as a result of 

achieving many scientific "firsts". Their analysis of ionospheric data consti

tuted significant advances in the world's knowledge of the structure and
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characteristics of the ionosphere, particularly the physics of ionospheric 

phenomena peculiar to the Canadian environment. For example, the relationships 

between disturbed communications conditions in the Canadian north and the 

aurora, the interactions between the upper atmosphere, the earth's magnetic 

field and solar radiation and activity. Studies of the lower ionosphere have 

led to explanations of navigational problems in the north arising from the 

effect of the sea ice cover on the travel of radio waves.

37. This team also developed a high frequency prediction service using a 

computer which forecasts the high frequencies which should be used for optimum 

performance in various geographic locations. These depend on the ionospheric 

conditions. This service is used extensively by the Canadian Forces and some 

civilian organizations.

38. The existence of this group in Canada has stimulated the interest of 

Canadian university scientists in this field of science.

39. Modulation Techniques. A team which is unique in Canada is concerned with 

investigating the many ways in which radio waves can be modulated in order to 

make the best use of radio circuits with respect to power input and propagation 

conditions. Their work is applicable to all kinds of radio communications - space 

and terrestrial, military and civil. So-called adaptive systems nave been de

veloped which are self-adjusting with respect to transmission conditions. They 

slow down when conditions are bad; they speed up when conditions are good in 

response both to message load and propagation conditions. These techniques are 

particularly applicable to defence communications systems.

40. Research in the High Arctic. For many years a small team of DRB scientists 

have carried out research in oceanography and glaciology in the high Arctic.

The leader of this team has received international recognition for his work.

The team has provided base facilities and assistance to university scientists 

which has been most valuable in encouraging scientific research in the high

Arctic.
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41. Speech and Hearing Research. DRET has a team of scientists, unique in 

Canada, engaged in research on how hearing and speech perception, hearing 

sensitivity and acuity, in relation to voice communications, are affected by 

noise in the Forces environment. A program of hearing conservation for the 

Forces has been developed based on surveys of noise levels in virtually all 

Canadian Forces vehicles and aircraft. A wide variety of devices for hearing 

protection have been evaluated both as protective and communications-assisting 

equipment. Much work has been done in the field of voice communications and 

intelligibility in various environments ranging from aircrew and crews of 

armoured fighting vehicles to underwater communication between free-swimming 

divers.

42. Research on Unman Perception. A unique team at DRET is engaged in the 

sensory aspects of signal detection and vigilance, the development of signal 

detection theory and its application to military vigilance situations e.g. 

perception of forms and shapes under difficult viewing conditions. Detrimental 

effects on performance related to both mental and motor skills have been 

measured with both civil and military tasks in mind. Human capabilities to 

discriminate between closely related physiological and auditory stimuli are 

being investigated and the team has pioneered the development of on-line, real-^ 

time computer techniques in such investigations. This work is applicable not 

only to the military environment but also to such matters as air traffic control 

and ship and motor vehicle operations.

43. Environmental Physiology. A team of medical, scientific and technological 

personnel at DRET possesses a capability, not duplicated elsewhere in Canada, 

for research on the physiological aspects of high pressures on personnel

(e.g. diver's escape from submarines). Applied and basic studies on such 

problems as inert-gas, (e.g. nitrogen and helium) narcosis, decompression 

sickness, oxygen poisoning and related phenomena are being pursued. The team's 

work on oxygen poisoning has received international recognition.

44. Human Engineering. DRET possesses a group of scientists with outstanding 

capabilities in the application of the principles of human engineering in the 

design and modification of military hardware and in field studies of operational
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performance. This work has ranged in scope from the layout and equipment of 

service storage areas and static installations, such as airport control towers, 

to field studies of navigation in very low flying fixed wing aircraft and 

helicopters. One of the most striking facets of this work was concerned with 

tfie direct control of engines and helm from the bridge of destroyer escort 

vessels. Actual trials at sea confirmed the predictions made on the basis of 

human engineering "know how" and a demonstration mock-up. Very recent investi

gations have been concerned with the operations of Department of Transport 

buoy-tending and ice-breaking vessels, and with the use of closed-circuit 

television as an aid to ship control in close quarters.

45. Operational Research. A group of about 60 DRB professionals are engaged 

in operational research and systems analysis in the Defence Research Analysis 

Establishment. It is the strongest team of its kind in the country and many of 

its alumni are in prominent positions in industry and other federal agencies.

It is organized in units or teams, some in the Ottawa establishment, many 

attached to Canadian Forces operational units. Serving officers of the Canadian 

Forces constitute about 25% of the total DRAE strength.

46. The chief role of DRB has been to supply the professional civilian 

scientists who constitute the core of the operational research effort. Although 

there are transfers of personnel between DRAE and other parts of DRB, the 

majority of the scientists engaged in operational research are transferred from

one OR team to another, and build up over the years the combination 
of expertise and experience that comes from working in the various 
aspects of one profession".

UNIQUE AND VALUABLE RESEARCH TOOLS AND FACILITIES, 1962-1967

47. The information provided in this section is confined, as requested, to 

unique and valuable research tools and facilities acquired during the period 

1962-67. It does not mention, therefore, any equipment or facilities acquired 

previously. Similarly no mention is made of the multitude of modern laboratory 

equipments purchased from commercial sources in accordance with DRB's policy 

of providing its scientists with modern tools of research.
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48. Research Ships. During this period the replacement of two of the convert

ed World War II ocean-going minesweepers which are used as research vessels by 

DREP and DREA has proceeded. Early in 1965, CNAV Endeavour3 length 235 ft. and 

displacement 1500 tons, specifically designed for maritime research in the 

fields of acoustics, magnetics and hydrodynamics, was completed and began 

operating. The ship is used for DRB research activities and for co-operative 

programs with the Marine Sciences and Observations Branches of the Department 

of Mines, Energy and Resources and the Universities of British Columbia and 

Victoria. Construction of the somewhat larger CNAV Quests displacement 2200 

tons, commenced in 1967 and will be completed in 1969. Quest has been designed 

as a platform from which underwater acoustic experiments on echo ranging, 

propagation, reverberation and noise can be carried out. Two of her special 

features are the quietness of operation important today in both research and 

military ships - almost all the techniques of noise reduction developed for 

quiet submarines have been applied to the machinery and hull - and the ability 

to handle large heavy equipments over the stem and to suspend them at depths to 

15,000 ft.; this capability, which has been developed by DREA, is unique in the 

Western World. The experience obtained from the design of the special features 

required for quiet silent operation will be valuable in the development of 

quiet ships for military use.

49. The 17-ton hydrofoil craft BADDECK has been reconfigured as a high speed 

(30 kt) towing facility fitted with a winch, over-the-stern towing sheave which 

can be oscillated vertically to simulate the effect of ship motions on a cable 

towed system, and instrumentation. She has open water towing research capabili

ties which are unique in North America and these are being exploited in a 

number of investigations, one of which is a co-operative US-Canada program on 

faired tow cables.

50. Steel Pressure Vessel. In support of acoustic research with equipment at 

great depths in the ocean, DREA has developed a special high pressure facility 

for testing the watertight integrity of equipment and the acoustic performance 

of sound generators at simulated ocean depths to 18,000 ft. The steel pressure 

vessel weighs 28 tons with a wall thickness of l\ inches and a chamber 3 ft. 

diameter by 8 ft. deep, the size of the vessel makes it possible to place a



Science Policy 443

whole system under pressure rather than the usual procedure of testing the 

individual components of a system.

51. Indoor Ballistics Range. At CARDE a modern small caliber indoor ballistic 

range for testing new designs of shot and sub-calibre projectiles was completely 

renovated during this period. It is equipped with ballistic instrumentation of 

advanced design and is unique in Canada.

52. Battery Research Facilities. At DCBRE environmental and cold chambers 

were added during this period to permit in-laboratory studies of battery per

formance under conditions encountered by the Forces. No other agency in Canada 

has such facilities for battery research.

53. Shock and Blast Facilities. During this period DRES built shock tubes and 

blast simulation facilities for the investigation of basic blast phenomena and 

the response of equipments to blast. The working sections vary in size from a 

few square inches up to 6 ft. in diameter. These facilities are unique in 

Canada and are used from time to time in co-operative programs with universities 

in Alberta and Saskatchewan's well as for studies related to National Defence 

problems.

54. In the past few years the DRES 1000 sq. mile area has been extensively 

developed by the installation of several well serviced and well instrumented 

test layouts, which are unique in Canada. In parallel, associated modern 

measurement systems involving electronic and photographic recording, and chemi

cal and microbial sampling and analysis, have been developed. Some of the methods 

are of direct value in studying atmospheric pollution problems as evidenced by 

help and advice given recently to the Department of Energy, Mines and Resources 

and to two Canadian industries.

55. Meteorological Tower. A 300 ft. meteorological tower, situated in the 

1000 sq. mile test range, is unique in Western Canada. The tower is instrumented 

to measure continuously the wind velocity and temperature profiles, and the 

stability of air masses at eight heights. The facility is ideally suited for 

carrying out meteorological research on a mesoscale over prairie terrain, the
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results of which will complement those obtained on similar towers in Eastern 

Canada. Dispersal devices used in particulate and gaseous atmospheric diffusion 

experiments are also mounted on the tower. The Alberta and Saskatchewan univer

sities and research councils are most interested in this facility and are 

presently discussing co-operative programs with the Meteorological Branch, DOT, 

for the use of the tower for the investigation of problems in basic meteorology 

and atmospheric pollution.

56. Hyperbaric Wet and Dry Chamber. The new DRET hyperbaric chamber accommo

dates experimental studies in water and various gaseous atmospheres at pressures 

varying up to the equivalent of a depth of 300 ft. in the sea. This research in 

pressure physiology is related to both military and civilian operations.

57. Telecommunications Facilities. In the last five years DRTE has designed 

and built one large fixed ground station, and two smaller terminals (one fixed 

and one mobile) for satellite communications research and experimentation.

58. In 1963, DRTE required a large steerable antenna for studying super-high- 

frequency propagation effects on space-earth communications. The state-of-the- 

art for large steerable antennas was reviewed and specifications were written 

for a 30 ft. precision tracking antenna, this size being a reasonable compromise 

between cost and performance. A contract for the antenna and associated equip

ment was let to the Northern Electric Company in July, 1964, and was completed 

in March of 1966 at a cost of about $1,000,000. This research facility is 

equal to any in the world.

59. In 1967, the Canadian Forces and DRTE agreed to participate in a NATO 

program of military satellite communication tests at UHF. To provide an immedi

ate Canadian capability DRTE constructed two UHF terminals in under two months, 

using equipment and instruments available at DRTE plus $10,000 cash expenditure. 

One terminal is transportable, while the other is a high-performance, fixed 

terminal. These terminals are now being used for tactical communication trials 

and propagation measurements through the ionosphere.
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60. In addition to these unique facilities DRTE has acquired or developed 

the following special facilities:

- a high frequency direction finding facility,

- a computer-aided design facility for electronic circuitry,

- a microelectronic facility for studying problems in developing 
integrated circuits and failure mechanisms,

- a facility for preparing exotic materials for use in solid state 
circuitry and lasers,

- a unique system of large-area antenna and transmitter complexes at 
Ottawa, Churchill and Resolute Bay for studying low frequency 
transmission.

61. Alouette Satellites. Although one might not immediately think of the 

Canadian satellites as research facilities, the fact is that they are, for both 

engineers and scientists in many fields, and they do indeed qualify as unique 

and valuable research facilities.

DRB's IMPACT ON ADVANCEMENT OF SCIENTIFIC KNOWLEDGE AND ECONOMIC DEVELOPMENT
62. As has been explained earlier (Annex II) DRB is a mission-oriented 

organization and, as such, the advancement of scientific knowledge is a means 

rather than an end. Similarly, its responsibilities for Canadian economic 

development are restricted. Nevertheless, its scientific activities have made 

significant and important contributions to advances in science and to economic 

development.

63. Major Scientific Contributions. The identification and description of the 

totality of DRB's contributions to science would require consultation with a 

majority of the Board's scientists, for these are the persons who together, know 

both the number and the quality of its research outputs. These scientists are 

located across the country and the time available for the preparation of this 

brief did not permit such consultation. Furthermore, the true value of most 

scientific contributions is not clear until considerable time has elapsed. 

Consequently this section does not list all the major accomplishments but a 

selection, which it is hoped, will illustrate the major contributions DRB has

made to science.
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64. Over the past 20 years DREA has been a major contributor to the interr- 

national pool of scientific knowledge of the oceanography of the North 

Atlantic. DREA has made significant contributions to the science of underwater 

acoustics and has attained an international reputation in this field. This has 

been the result of intensive research aimed at obtaining quantitative values 

for the many variables which affect the propagation of sound through the ocean. 

During the past seven years,the effort has been concentrated on measurement of 

the acoustic properties of the deep ocean and the results are of significance 

to the field of marine biology as well. Their contributions have been so 

significant to the operational performance of long range sonar that the leader 

of the team is consulted frequently by the US Navy.

65. Basic studies at CARDE of atmospheric radiation propagation using air

craft, balloons, rockets in addition to ground observations have contributed 

the following:

(i) a better understanding of the mechanism of the hydroxyl airglow

through observations of its diurnal variation and the temperature of 

the emitting layer,

(ii) evidence of seasonal, latitudinal and other, so far uncorrelated, 

variations in the stratospheric, water-vapour abundance,

(iii) development of the ramifications of a more satisfactory theory of 

ozone photochemistry which considers the catalytic effect of 

atmospheric water-vapour,

(iv) stimulation of the research programs in several Canadian universities.

66. The aim of the aerology program at CARDE,is to delineate the mechanisms 

which govern the interactions of infrared and visible radiation with the 

atmosphere and of applying this knowledge to military techniques involving 

natural or artificial sources of radiation.

67. A sweat rate measuring device (Sudorimeter) and techniques for using the 

data provided by it has been developed at DCBRE. This instrument can be used
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to study the heat stress of protective clothing, the suppressive effect of 

drugs on the sweating reaction and the consequent disturbance of thermal 

equilibrium of the body, mental and emotional sweating patterns, and so forth.

A commercial model has been developed in Canada, with support from Canadian 

Patents and Development Corporation, and the manufacturer has orders intended 

for a wide variety of applications by University and Hospital laboratories in 

Canada and the US.

68. Chemical dosimeters have been developed at DCBRE that will detect less 

than 0.1 rads of ionizing radiation and which are independent of the nature of 

the radiation whether it be neutron or gamma of any practical energy. These 

systems are the most sensitive aqueous, and therefore tissue equivalent, 

dosimeters so far developed and have been used for many biological studies.

69. The work at DCBRE on radiation transport enjoys a wide reputation for 

excellence, particularly on interface effects. A member of the laboratory staff 

is, at the request of the US National Academy of Sciences, a full member of the 

Sub-Committee on Radiation Shielding of its Advisory Committee on Civil Defense,

70. Major contributions have been made by DCBRE to improve the quality and 

reliability of primary and secondary batteries, the nickel-cadmium power 

supplies for the Alouette satellites being noteable examples. A coulometer- 

charge control device has been patented on a world-wide scale and is being 

extensively applied in the aircraft industry particularly.

71. Significant theoretical advances have been made by DRTE in the following 

areas: auroral and ionospheric physics; the propagation, scattering, and 

absorption of radio waves ; upper atmospheric motions; solar-terrestrial 

relations; interactions between waves and energetic particles; communication 

systems, including information theory, and solid state physics.

72. In the very-high-frequency band, studies were conducted on radio wave 

scattering which led to the development of a communeiation system based on 

meteor bursts. In such systems, reliable long-distance results are achieved by 

scattering the radio signals from ionized meteor trails. Theoretical studies of
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the ionization properties of meteor trails supported this development and, at 

the same time, made a significant contribution to the knowledge of meteors. 

Theoretical studies of modulation methods and information theory were also 

required and such work has continued at DRTE ever since, and has been associated 

with a wide variety of communication systems.

73. Considerable progress has been made in studies of atmospheric motions, at 

heights above the normal weather systems. The theory of propagation of "gravity 

waves" was expanded and applied to a wide variety of upper atmospheric phenomena 

including atmospheric tides and turbulence. (The Royal Meteorological Society 

awarded C.O. Hines the Napier Shaw Memorial Prize in 1962 for his work on these 

topics.) Another series of studies dealt with motions of the earth's outer 

atmosphere, with specific application to auroral, geomagnetic, and trapped- 

particle processes. Hydrodynamics concepts, based on the assumption of a fluid

like convection of the tenuous ionized atmosphere around the earth, were formu

lated to account for the main features of auroral and magnetic storm observations. 

Subsequent to the introduction of this theory much new observational material

was gathered and the theory requires modification; nevertheless, the convection 

concept is an integral part of most of the present auroral theories, and the 

DRTE work has stimulated activity by theorists elsewhere.

74. A series of studies on the scattering of radio waves by individual 

electrons (sometimes called incoherent scattering or Thomson scattering), 

showed how the scattered signals could be used to investigate the composition 

and properties of the upper atmosphere. These studies have since been extended 

by other workers, and major observational programs (based in part on the DRTE 

theoretical work), are now being pursued at stations in a number of countries.

75. In connection with experimental studies on radio wave absorption in the 

ionosphere, theoretical studies were made on the ionization effects of very 

energetic solar particles (sometimes called solar cosmic rays) at high 

latitudes, in an effort to explain in a quantitative way the phenomenon known 

as 'polar blackouts'. These communication blackouts are caused by solar events 

of particular importance to space and military operations, not only because of 

their disruptive effect on communications but also because the solar cosmic
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rays are potentially hazardous to spacemen and space equipment. The early DRTE 

recognition of the importance of these phenomena led to the first major statis

tical studies of their occurrence, and to the development and installation of 

ground equipment for identifying and studying the solar particle events.

76. The launching of the Alouette I satellite with its ionospheric sounder 

and very-low-frequency receiver, made possible the first observations of iono

spheric resonances. These observations stimulated considerable theoretical 

work by ionospheric and plasma physicists both in Canada and abroad, to explain 

the initiation and nature of such resonances.

77. About 200 scientific papers based on Alouette data have been published to 

date by scientists all over the world. Some of the highlights of the scientific 

results obtained by Canadian scientists are summarized in Annex IX.

78. DRB's program in the biosciences is relatively small and covers but a 

small part of the field. It has been deliberately limited to the problems of 

the healthy soldier and does not include much of what is usually considered to 

be medical research. It is concerned, primarily with such things as protective 

equipment and clothing for operational, hostile and toxic (NBC) environments, 

human engineering, training, NBC effects on man, and so on. DRB's work in these 

areas of the biosciences is respected both nationally and internationally. In 

the pure defence sciences associated with NBC defence, the contributions of 

DRES and DCBRE have earned great respect within the international defence 

science community. The three examples which follow demonstrate the impact of 

our research in areas less closely related to classified information and there

fore of more general scientific interest.

79. Although oxygen is necessary for life,it becomes toxic at pressures 

greater than 2 atm for pure oxygen and at equivalent partial pressures in 

mixtures with other gases, e.g. nitrogen. This places severe limitations on the 

use of oxygen in diving operations and submarine escapes. Toxic effects are 

focused on the central nervous system and lead to convulsions and death. The 

biochemical mechanisms involved in oxygen poisoning defied delineation for 

almost 100 years but significant advances toward understanding them have been
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made by DRET scientists. They have demonstrated that oxygen poisoning inhibits 

the enzymes responsible for the formation of a particular amino acid unique to 

the nervous system. Promising studies have been carried out on a prophylactic 

chemical to protect against oxygen poisoning. This work has received inter

national recognition, as witness an invitation to present the results of the 

work to a very select international group which met in Austria in 1967.

80. Research in motion sickness at DRET, revealed that angular accelerations 

of the head, are of prime importance in the development of motion sickness, and 

that its incidence can be dramatically reduced by restricting movement of the 

head relative to the body. DRET also developed practical applications of the 

results to aircrew problems. The scientific importance of this work has received 

international recognition on several occasions and the US has employed DRET 

experts as consultants to their astronaut program.

81. The third example from the biosciences field, concerns DRB research over 

many years on the human engineering aspects of radar operators’ efficiency. The 

book on this subject, written by DRET scientists, is the standard reference book 

and their expertise was internationally recognized to the extent that the US 

Department of Justice consulted DRET personnel during the investigation of the 

Andrea Doria - Stockholm collision.

82. In the field of geophysics, mention has already been made (paragraph 40), 

of the contribution of the team engaged in research in the high Arctic. Another 

example in this field is the result of an exhaustive examination of the craters 

formed during the multi-ton explosions of the shock and blast program at DRES, 

especially that of a 500 ton explosion in 1964. This crater proved to have a 

striking resemblance to impact craters on the moon and on earth, and proved to 

be of the greatest interest to geophysicists and astronomers. The very complete 

instrumentation for this explosion has resulted in a very good understanding of 

the forces at work in forming the crater.

83. The final example is provided by DREP's long term research in low fre

quency magnetics. This research has centered on the naturally occurring fluctua

tions of the earth's magnetic field (known as micropulsations) and the electro-
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magnetic signals produced by ocean waves. Since this research started in 1955, 

DREP has published more than 20 papers in the scientific journals and has be

come recognized as an international authority in the phenomenological aspects 

of micropulsations. Working in co-operation with several University groups 

(UBC, McGill, UVIC and Stanford), enabled DREP to gather experimental data 

from widely separated geographical locations.

84. In recognition of its competence in the field of low frequency magnetic 

phenomena, DREP has been invited to participate in several International 

Symposia in the field of Geomagnetism, Magnetometry, Oceanographic Instrumenta

tion and Non-Acoustic Methods of Detection.

85. Impact on Economic Development. While there is no doubt that DRB’s 

scientific activities have had important impacts on economic development, it is 

impossible, for lack of data, to identify all, or even the majority of the 

instances where DRB research has been of benefit to economic development. There 

are several reasons. DRB has no direct involvement in the exploitation of the 

products of research except in a consulting role. Another is that DRB's part 

will not have been solely or even primarily responsible for the success of 

ventures in which their results were applied.

86. The regional distribution of DRB's intramural scientific activities were 

treated in Annex IV and the size and regional distribution of its extramural 

programs was given in Annex VII. The funds expended on these programs have had 

a direct impact in proportion to the amounts spent. The indirect impacts cannot 

be measured but it is possible to give some indication of their magnitude. The 

best of the estimates that follow are derived from the defence industrial 

research and satellite programs in which DRB has been directly and deeply 

involved with the industrial producers.

87. The following Table lists examples of production orders known to us which 

can be related to DRB research results. A large proportion of the value of 

these orders represents export sales.

29099—13
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SOME KNOWN ECONOMIC BENEFITS OF DRB WORK

FIELD KIND OF ITEM PRODUCTION ORDER

VALUE

(millions of $)

Telecommunications Antennas 2.75

Ionospheric Sounding Equipment 4.0

Meteor Burst Comm. Systems 1.25

Oblique Sounding Comm. Systems 5.0

Navigation Airborne Doppler 100.0

Electronics Components 26.45

Armament & Weapons Anti-Tank 10.85

NBC Defence Protective Clothing & Equipment 1.07

Respirators 3.17

Radiacmeters 4.5

Batteries Torpedo 2.25

Sarah Beacon 1.0

Antisubmarine Warfare Sonar 33.0

88. The following five examples give an indication of the impact of the 

defence industrial research program on economic development.

(i) CAE Industries Limiteda a Canadian-owned company in Montreal, entered 

the field of digital flight simulators at the direct instigation of 

DRB, the initial impetus being supplied by a DIR grant in this area. 

As of 4 July 1968, the company had sold over $18 million worth of 

digital flight simulators, nearly all of them to overseas customers, 

in the face of severe foreign competition. Since these were all sold 

to civilian airlines, this is an excellent example of "civilian spin

off" from a defence research project. They have also submitted bids 

for military simulators.

CAE have also done considerable business in the field of Magnetic 

Anomaly Detection, attributable in part at least to DIR-supported
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research. A total of $8.5 million of MAD compensating equipment, 

training systems and devices has been sold to date, of which $4 million 

was to foreign customers, mainly the US Navy.

(ii) DeHavilland Aircraft of Canada Limited, has received DIR support since 

the earliest days of the program, for research in the STOL and VTOL 

fields. The results of this program have contributed to the success of 

the Buffalo and Twin Otter STOL utility aircraft, and have helped the 

company retain its position as a world leader in this field. The 

company has, in fact, stated in writing that the Buffalo and Twin Otter 

aircraft would not have been competitive without DIR support. These 

STOL utility aircraft are employed in both commercial and military 

roles, and several hundred have been sold, mostly to foreign buyers 

throughout the world.

(Hi) United Aircraft of Canada Limited, has received DIR support for an 

extensive program of research to improve the performance of various 

engine components such as turbines and compressors. These programs 

have made important contributions towards the improved performance of 

the latest version of the PT6 turboshaft engine, and are basic to the 

design of the JT-15D 2000 lbs. thrust turbofan engine now under 

development. UACL has an acknowledged position as one of the world 

leaders in the small turbine field and has a very impressive record 

of export business for both military and civilian applications. It has 

been predicted that total sales of the PT6 engine alone will reach 

$500 million.

(iv) Northern Electric Company Limited, is a Canadian-owned company located 

near Ottawa, which supplies most of the switching and control equipment 

to the Bell Telephone Company of Canada Limited. They have had a broad, 

DIR-supported program since 1962, mainly for research in the area of 

thin-film circuits and silicon integrated circuits. This support has 

been an important factor in helping the company establish one of the 

best industrial research and development facilities in Canada in this 

field. The success of the R&D program has induced Northern Electric to

29099—13à
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construct a manufacturing plant in Ottawa for integrated circuits, 

incorporating the most modern techniques, with assured large orders 

from Bell Telephone.

On the military side, the company has been able to submit proposals on 

several advanced systems, and has obtained NATO and US contracts. In 

all these cases, the results of the DIR-supported research were 

directly relevant and could be exploited.

(v) Ferrox Iron Limited., was formed in 1964 as a subsidiary of Quebec 

Smelting and Refining Limited, to develop and exploit new processes 

for the production of improved ferrite powders for military and 

commercial applications. A new plant was built at Prescott with DDP 

assistance, and a DIR grant was awarded for research in ferrites. 

Progress has been excellent, and has induced the parent company to set 

up a $3 million plant at Sydnéy, N.S., which will employ 250 people at 

peak production. An $860,000 plant has also been set up at Ogdensburg, 

N.Y. for storage and sales to the US. In addition to this work on 

ferrites, the parent company has entered into a partnership with 

Canadian Petrofina Limited, to set up a new $4 million plant in 

Montreal (Fina Metals Limited), to produce 50 tons of pure iron powder 

per day. The successful DIR-sponsored research has been a basic factor 

in all these plans for commercial exploitation.

89. Although in the future the responsibility for the satellite program will 

rest with another department some historical facts regarding the economic 

impact of this program seem appropriate to this brief.

90. Alouette I was designed and built completely within the Defence Research 

Telecommunication Establishment. While Alouette II was also designed and con

structed at DRTE,the opportunity was taken to bring industry into DRTE to 

provide training for industry in satellite technology. ISIS-A is being designed 

and constructed mainly by the contractors (RCA Victor Company Limited and 

DeHavilland Aircraft of Canada Limited), at the contractor's plant in Montreal, 

but with DRTE retaining responsibility for the overall system design, command
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system design, and for a few sub-systems in which DRTE engineers have particular 

expertise. One aim of the program, that of up-grading Canadian industry so that 

it will be in a position to design and build complex satellites, is thus being 

achieved.

91. The number of engineers and support staff concerned with the design and 

construction of the spacecraft in industry is of course not constant. In 1967, 

there were 52 engineers and scientists and 57 support staff (technicians, 

draftsmen, etc.), engaged on the program. As a result of the ISIS program,skills 

have been either introduced or strengthened in the companies involved.

92. On the operating side involving spacecraft already in orbit, there are 

17 operators and 10 scalers employed from industry, who have acquired the 

special skills related to such things as operation and maintenance of telemetry 

stations and satellite control operations and scheduling.

93. Accurate figures for orders received by the contractors are difficult to 

obtain, but it is known that DeHavilland have sold STEM devices (antennas, 

experimental booms, gravity gradient booms), for a total of at least 2ç million 

dollars, most of which has been exported into the US. RCA Victor have supplied 

telemetry transmitters for two American aircraft.

94. A domestic market for space products is developing in Canada and will 

probably be more important than the export market in the long term. The study 

completed for the Science Secretariat of the Privy Council Office, on "Upper 

Atmosphere and Space Programs in Canada", disclosed that the use in Canada of 

satellites for communications within Canada is foreseen by telephone companies 

and the CBC as necessary and profitable. The USA is trying to monopolize the 

communications satellite market and thus move into Canadian domestic communica

tions; the annual rental of satellite channels could cost $100 million by 1980. 

Canada will have to manufacture her own communications satellites to retain 

Canadian control of communications in Canada and to keep this money in Canada.

95. Scientists at Canadian universities are also becoming users of communica

tions satellites. The ISIS-B experimenters from the Universities of Saskatchewan
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and Calgary, both propose contracting with RCA Victor for the design and con

struction of the equipment for their experiments.

96. Three remarks seem appropriate in concluding this section on scientific 

and economic benefits of DRB's activities. Firstly, all these benefits are 

bonuses unrelated to DRB's reason for existence, its primary objectives, and 

its nature as a research organization, which has neither the responsibility 

nor the means for the exploitation of its research results. Secondly, the 

economic benefits constitute a respectable amount considering that at least 

half its manpower and budget have been devoted to areas which seldom lead to 

production of equipment, e.g. the biosciences, operational research oceanography, 

geophysics, field trials, etc. Thirdly, the economic benefits do not include 

millions of dollars known to have been saved as a result of improvements to 

Canadian Forces equipment and components which made them cheaper to produce, 

cheaper in maintenance and training costs, and gave them longer service life.
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ANNEX IX - PROJECTS

PROJECT LISTS

1. Tables 1, 2 and 3 list the project titles for the University Grants 

Program, the Defence Industrial Research Program and the Intramural DRB program 

for the years 1962-67, The projects in Tables 1 and 2 are not listed by 

establishment because in the period 1962-67 the grants were the responsibility 

of DRB headquarters. They are listed by the scientific disciplines used in 

Annex VI. The projects in Table 3 are listed by establishment and grouped by 

program, the titles of which are self-explanatory.

CASE HISTORIES
2. Appendix A presents case histories of some selected intramural projects.
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TABLE 1 — List of University Research Grants
A - ENGINEERING AND TECHNOLOGY

Title
Years Project Active 

62/63 63/64 64/65 65/66 66/67

1. Electrodeposition of metals x

2. Thermodynamic aspects of the 
chromizing process

3. Preparation of dried milk powder x

4. Preparation of dried cheese x

5. Propulsion studies x

6. Transport phenomena in fluid jets x

7. Effect of wall temperature on
flow in bends x

8. Turbulent mixing due to falling
spray x

9. Aerodynamics of lifting 
surfaces translating in
proximity to the ground x

10. North Water Planning Project

11. Studies relating to the design 
of towed underwater bodies

12. Structure and properties of 
composite materials

13. Phase transitions in mixed 
oxide crystals

14. Very high power pulsed laser
systems x

15. Transient stress analysis due 
to high velocity impact

16. Mechanical properties and 
structural defects in soft 
martensitic steels

17. Investigation of spinning detonation 
and gaseous detonability limits

18. Boundaries in metals x

19. Aerodynamic noise of a disturbed 
mixing layer

20. Investigation of the information
content of speech in relation to 
frequency compression x

21. Contributions to data-processing
systems x

22. The dynamic response of 
structural elements to 
impulsive or transient loads

x x
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TABLE 1 - List of University Research Grants (Cont'd)
A - ENGINEERING AND TECHNOLOGY (Cont'd)

Years Project Active

Title 62/63 63/64 64/66 65/66 66/67

23. Vibration analysis of space frames x
24. Rates of removal of gases

dissolved in metals by bubbling 
inert gas x

25. Transient flow in branched ducts x

26. Electrical and magnetic properties 
of semiconductors, intermetallic 
compounds and organic materials x

27. A study of control systems
incorporating time-lag modulation X

28. Transient and random processes in 
non-linear electrical oscillators X X

29. Heterocharge in electrets X

30. Charge decay in electrets X

31. Transistorized sampled data
analogue memory using magnetic 
care storage XXX

32. Noise threshold effects in a 
phase-lock tracking filter X

33. Study of tunnel triode and 
unequal band-gap junction X X X X X

34. Optical masers X X X X X

35. Ferroelectric ceramics X X X X X

36. Determination of certain
properties of various substances 
having high melting points X X

37. Transient and random processes in 
non-linear and time-varying 
systems X X X X

38. Adaptive filter for correction of 
signal distortion X X X X

39. Effect of wavefront coherence on 
design of hydrophone and antenna

XXX

40. High-gain, low current transistors X

41. Vibration response of bridge 
structures to dynamic loads XXX

42. Production and properties of 
reactive metals X

43. Mechanism of tempering reactions 
by internal friction X X X X X

44. Phase transformations in titanium x
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TABLE 1 - List of University Research Grants (Cont'd)
A - ENGINEERING AND TECHNOLOGY (Cont'd)

Years Pro,Teat Active
Title 62/63 63/64 64/6S 65/66 66/67

45. Structure and mobility of grain
boundaries x

46. Structure and properties of
metal-ceramic bonds x

47. Growth and properties of metallic
whiskers x

48. Effects of strain-rate and 
temperature on deformation 
behaviour x

49. Effect of various factors on
fatigue life of metals x

50. Cyclic stressing of high-strength 
light alloys X X X X

51. Use of an electromagnetic pump to 
improve precision casting XXX

52. The determination of turbulent 
skin friction X

53. Effect of temperature and surface
finish on heat transfer x X X

54. Absorption of thermal radiation of
liquids on porous surfaces x X X X X

55. Edge and cut-out effects in thin
structural shells x X X X X

56. Large deflections of skewed plates X X X X

57. Secondary flow generation in 
rotating impeller passages X X

58. Polymer films with selective
permeability and barrier properties X

59. Analysis of ship systems X

60. A direct method of measuring the 
velocity of sound in water X X

61. The production of uniform-sized 
drops in liquid-liquid systems X X X X

62. Studies of shock flows X

63. Flow in bends in non-circular ducts X

64. Investigation of the ultimate
capacity of columns in a framework 
subject to biaxial loading x X X X X

65. Four terminal filter x

66. Construction of an electronic
computer x
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TABLE 1 - List of University Research Grants (Cont'd)
A - ENGINEERING AND TECHNOLOGY (Cont'd)

Years Project Active

Title 62/63 63/64 64/66 66/66 66/67

67. Fluid dynamic investigations at
very high pressures x XXX

68. Investigation into carangiform 
propulsion X

69. Solar wavelength radiometer for 
surface property determinations XXX

70. Investigation of methods for the 
control of transition and 
separation of liquid layers X

71. The effects of environment and 
oxidation in modifying the creep 
behaviour of stainless steel X X

72. Mass spectrometric determinations 
of the heavy elements in low level 
detection work x XXX

73. Decay-time components in
scintillators x XXX

74. Viscoelastic die blanking of 
sheet metals X X

75. Instability conditions in high 
velocity deformation of ductile 
metals X X

76. Theoretical and experimental 
investigations of field effect 
phenomena in thin semi-conducting 
films

77. Minimal rate of fluidisation and 
free-fall velocity X

78. Electronics Research Program —
Eaton Electronics Research
Laboratory x X X X X

79. Effects of heating rates in the
annealing of low carbon mild steel x X

80. Mechanical properties of thin
metallic films x XXX

81. The mechanism of stress corrosion
cracking x X X

82. Relationship between fatigue and
micro-structure in aluminum x X X

83. Survey of the scientific progress 
made in the field of plastic wave 
propagation XXX

84. Grain refinement in metals X X

85. Curve fitting by perturbation
methods x
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TABLE 1 — List of University Research Grants (Cont'd)
A - ENGINEERING AND TECHNOLOGY (Cont'd)

Years Project Active

Title 62/63 63/6.4 64/65 65/66 66/67

86. Trajectory calculations x x

87. Digital computing systems x x x

88. Electro-magnetic power modulators x x x

89. Thin film device research x x x

90. The influence of surface finish on 
the wear of steel surfaces under
boundary lubrication conditions x x x x x

91. Mechanism of wave formation in high
energy welds

92. High velocity impact of rock

93. Fire retardants in cellulose

9A. Analysis and synthesis of 
automatic control systems

95. Control systems and electronic 
computing techniques

96. Non-linear parameter-insensitive 
control system

97. New multi-sensor techniques for 
air reconnaissance

98. Topographical survey of curved 
aerodynamic surfaces

99. Structural responses to dynamic 
forces

100. Investigations of pure relations 
on a digital computer

101. Study of relay control systems

102. Microelectronic research

103. The effect of shape on the stress- 
resultants and deformations in 
shells of revolution

104. Numerical solutions in fluid 
mechanics

105. Millimeter wave optics

106. Signal processing in low-frequency 
systems

107. Response of underground structures 
to blast loadings

108. Deformable bodies and fluid flow

109. Structures and properties of alloys 
based on intermetallic compounds

X X X X X

X X X X X
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TABLE 1 - List of University Research Grants (Cont'd)
A - ENGINEERING AND TECHNOLOGY (Cont'd)

Title
Years Project Active 

62/63 63/64 64/65 65/66 66/67

110. Comportement d'un filtre de masse 
quadrupolaire

111. Self-adaptive and self-optimizing 
control systems

112. Photoelastic analysis of plates

113. Development of a vortex type 
magneto hydrodynamic induction 
generator

114. Gravity gradient libration of a 
rotating ring type satellite

115. Investigation of unsteady 
magneto-gasdynamies

116. Propulsion Studies x

117. Engineering properties of frozen
soil x

118. Steady and non-steady flow about
wings at high incidence x x x

119. Mechanism of hardening in metals x x

120. Semiconductor radiation detectors

121. Research in basic aerodynamics

122. Aerodynamic investigations

123. Fundamental mechanics of metal 
cutting and forming processes

124. Coupling of acoustic energy in 
bars and plates

125. Conduction band structure of 
III-V alloys

126. An adaptive method of encoding 
signals

127. Investigation of the effects of an 
initial gap on the flow in a wall 
jet

128. Stress analysis of slit, long 
thin-walled tubes

X X X X X

X X X X X

X X X X X

X

X

X X

X X

X

129. Deformation processes in materials

130. Theoretical and experimental
research on antennas x

131. Dynamic response of ring structures

132. Experimental reduction of auto- 
kinetic movement
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TABLE 1 - List of University Research Grants (Cont'd)
A - ENGINEERING AND TECHNOLOGY (Cont'd)

Title
Years Project Active 

62/63 63/64 64/65 65/66 66/67

133. The measurement of hypersonic gas
velocities x x

134. Semiconductor behaviour in
microwave and high electric fields x

135. Low speed fluid dynamics research x x

136. The deposition of solids and the 
study of erosion by means of a 
plasma jet

137. In-process measurement of
machining x x

138. Explosive shock waves and their 
effects on structures

139. Control of induction motor 
characteristics using cyclically 
switched silicon control 
rectifiers

140. Non-linear multivariable control 
systems

141. Fatigue of metals

B - ATMOSPHERIC SCIENCES
1. Reactions of the constituents of 

the upper atmosphere

2. Radio star scintillations

3. Wind and temperature characteristics 
of the stratosphere

4. Ionospheric studies using 
satellites

5. VHF radio wave scattering in the 
ionosphere

6. Atmospheric research

7. Physics of the troposphere 
related to UHF radio transmission

8. The infrared emission spectrum of 
the upper atmosphere

9. Ionic constituents in the 
ionosphere

10. Radio measurements of effects of 
solar flares

11. Micrometeorlogical studies in 
Canadian forests

12. Solar radio noise patrol with high 
resolution direction-finding 
interferometers

x x

X X
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TABLE 1 - List of University Research Grants (Cont'd)
C - BIOLOGICAL SCIENCES

years Project Active
Title 62/63 63/64 64/65 65/66 66/67

1. Effect of radiation on virus 
vaccines

2. Studies of aerosols of viruses and 
of virus extracts

3. Toxicity of aerosols

4. Current susceptibility levels and 
the potential for resistance to 
insecticides in fabric and stored 
product insects

5. Aerial interpretation of the 
ecological method

6. Factors affecting the viability of 
bacteria under physical stress

7. Dynamics and morphology of the 
biting midge, Culicoides obsoletus 
Meigen (Diptera: Ceratopogonidae)

8. Mosquito abundance in relation to 
weather and irrigation in 
Saskatchewan

9. Metabolism of dextran

10. Behaviour of biting flies with 
special reference to orientation 
and feeding

11. Pharmaceutical investigation of 
certain oximes

12. Rapid identification of virus 
agents in the atmosphere

13. Reaction of organophosphorus 
compounds with serine esterases

14. The influence of genetic change on 
the stability of airborne microbes

15. The reactive principles and 
specificity of bites of blood 
sucking arthropods with particular 
reference to mosquitoes

16. Movements of p32 tagged adult 
blackflies

17. Cooperative studies in biological 
effect of high energy pressure 
vibrations

18. Biological significance of sound 
production in marine fishes

19. Kinetic studies of enzyme systems

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X
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TABLE 1 — List of University Research Grants (Cont'd)
C - BIOLOGICAL SCIENCES (Cont'd) 

Title

Years Project Active 
62/63 63/64 64/65 65/66 66/67

20. The relationship of radiation 
stability to carotenoid content 
in certain bacteria

21. Zoogeography of northern aedine 
mosquitoes : effect of 
developmental temperatures in 
determining the southern limit of 
distribution

22. To separate and identify the 
active principle of mosquito

23. Ballistics of arm and hand in 
relation to accuracy of purposeful 
movement under varying 
accelerations

24. Resistance of irradiated animals 
to tuberculous infection

25. Mode of action of insect 
repellants

26. Factors affecting the viability 
of airborne microorganisms

27. Rapid identification of bacteria

28. Retrocerberal endocrine system of 
prairie mosquitoes

29. Studies on the morphology of 
FORCIPOMYIA

30. Studies on the immature stages of 
SIMULIUM RUGGLESI

31. Insecticidal area-barrier studies

32. Studies of attractancy in black 
flies

33. Studies on repelling blood-sucking 
insects

34. Biting flies: flight range

35. Factors in attractiveness of 
objects to adult AEDES AEGYPTI

36. Field studies on mosquito biology

37. Studies on ecology of SIMULIUM 
RUGGLESI

X X X X

X X

X X X X X

X X X X X

X X X X X

X X X X X
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TABLE 1 - List of University Research Grants (Cont'd)

0 - CHEMISTRY

Title

1. Catalytic reactions in gas mixtures

2. The shift in vibration bands of 
some molecules, NHg, ND3, HC1,
N2O, in the solid phase

3. Molecular motions in solids and 
liquids

4. Studies of disperse systems

5. Interferometric study of basic 
transport phenomena

6. Chemical reactions of diethyl- 
diphenylurea

7. Nature and reaction of an excited 
oxygen molecule

8. Reactions of hydrazine with Lewis

9. A nuclear magnetic resonance 
study of some properties of 
single crystals

10. Study of P-C-N polymers and the 
flame-proofing effect of such 
polymers on cellulose materials

11. Studies of the derivatives of 
chromic acid

12. Structure of phosphorus compounds

13. Metal complexes

14. The relationship of intercomponent 
bonding to the physical properties 
of polymer composites

15. Anticholinergic reactivators of 
the phosphorylated cholinesterase

16. Molecular spectra in the far 
ultraviolet

17. Oxidation of metals and alloys

18. Investigation of the acidity of 
concentrated perchloric acids

19. Studies on active nitrogen

20. Explosives research

21. Mechanism of aerosol coagulation

22. A study of the early stages of 
oxidation in pure metals

Years Project Active 
62/63 63/64 64/65 65/66 66/67

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

29099—14
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TABLE 1 - List of University Research Grants (Cont'd)
D - CHEMISTRY (Cont'd) 

Title
Years Project Active 

62/63 63/64 64/65 65/66 66/67

23. Studies on the synthesis and 
properties of perfluoro-alkyl
silicones x x x x

24. Inorganic heterocycles

25. Radiation chemistry studies by 
flash photoionisation

26. Biradical polymerization

27. Effect of dilute polymer solutions 
on frictional drag

28. Organo-boron compounds x x

29. The study of appearance potentials 
of gaseous molecular species by
electron energy absorption x

30. Radiation chemistry x x

31. Extractive distillation employing
the salting-out effect x

32. Effect of radiation on proteins

33. Reactions of hydrogen peroxide in 
the gas phase

34. Study of electrolyte solutions by 
microcalorimetry

35. Dye catalyzed photooxidation of 
diamines

36. The oxidation of lead sulphate to
lead dioxide x x

37. Steric influences upon the packing
of difunctional molecules x x

38. Hexanitroethane and related 
compounds

39. Organoboron compounds with several 
boron atoms

40. Studies of the thermal initiation 
of explosion in organic peroxides

41. Preparation of compounds 
antagonistic to inhibitors of 
cholinesterase

x

x

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

42. Properties of charcoal from
plastics x

43. Kinetics of fluoro-carbon compounds x

44. Solid state properties of single 
crystals of semi-metals and metals
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TABLE 1 - List of University Research Grants (Cont'd)
D -eCHEMISTRY (Cont'd)

Title

Years Project Active 
62/63 63/64 64/65 65/66 66/67

45. Electrochemical studies on fuel 
cell reactions

46. Electrolytic oxidation and
reduction of nickel hydroxides x x

47. Fluorocarbon derivatives of 
phosphorus

48. Reactions of gaseous ions

49. Intermediates in fast reactions 
occurring in combustion, explosions
and the upper atmosphere x

50. Microcalorimetry studies x x

51. Stabilizer degradation in aged
propellants x x

52. Addition of nucleophiles to
unsaturated systems x x

53. Physical chemistry of solid fuel 
propellants

54. Radiation chemistry and physics
of solids x x

55. Radiolysis of simple halogenated
compounds x x

56. Reaction in dissociated water
vapour x

57. Thermodynamic properties of
polyoxypropylene glycol solutions
and their derivatives x x

58. Photochemistry and free radical
chemistry of the boron hydrides x x

59. The chemistry of solutions in 
fluoro-sulphuric acid and
anhydrous hydrogen fluoride x x

60. Nature of electro-deposited oxides x x

61. Synthesis of 3-guanido-5-pyrazolones
and 3-guanylamido-5-pyrazolones x x

62. Alkoxyl free radicals

63. The reaction of excited nitrogen
atoms x x

64. Polymerization of aromatic
hydrocarbons x x

65. Studies on carbonium ions x x

66. Investigation of the free radical
precursors in graft polymerization x x

x x

29099—14*
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TABLE 1 — List of University Research Grants (Cont'd)
D - CHEMISTRY (Cont'd) 

Title

Years Project Active 
62/63 63/64 64/65 65/66 66/67

67. The reactions of sulphur 
tetrafluoride and the oxyhalides 
SOF and SOF^ with other inorganic 
fluorides

68. The magnetic properties of 
transition metal soaps

69. Halogenated sugar acetals

70. Mechanical behaviour of crystal 
boundaries in metals at high 
temperatures

71. Radiolysis and protection of 
synthetic polypeptides in aqueous 
solution

72. Approaches to the synthesis of 
tetrodotoxin

73. Studies on polymer and pyrolytic 
carbons

74. A novel class of irreversible 
inhibitors of acetylcholinesterase : 
synthetic and mechanism studies

75. Calorimetric investigations

76. Growth and structure of evaporated

X X X X X

X X X X X

X X X X X

77. High pressure polymerization of 
alkylene oxides

78. Preparation of deoxy sugars from 
monomercaptomonosaccharides

79. Study of the interaction of 
aromatic polynitro compounds with 
bases in aprotic solvents

80. Thermal diffusion in ion-selective 
membranes

81. The chemistry of water-repellent 
compounds

82. Reactions of thiyl radicals in 
solution

83. High temperature kinetics

84. Photochemical reactions of organo- 
fluoro compounds

85. Reaction of alkyl halides with 
PCL3 and ALCL3

86. Stereochemistry of addition to 
activated double bonds

X X X X X

X X X X X

X X X X X
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TABLE 1 - List of University Research Grants (Cont'd)
D - CHEMISTRY (Cont'd)

Title

Years Project Active 
62/63 63/64 64/65 65/66 66/67

87. Water-insoluble indicators

88. Photochemistry of amino acids

89. Electrochemical properties of 
porous nickel electrodes

90. Cathodic deposition of zinc

91. A study of gas phase reactions 
initiated by electrical discharges

E - MATHEMATICS
1. Algebra and calculus on a small 

computer

2. Use of analogue computer in 
solution of non-linear systems of 
second and third order

3. Minimax approximations theory

F - MEDICAL SCIENCES
1. Cardio respiratory research in 

relation to aviation medicine

2. Category and magnitude scaling of 
sensory continua

3. Cardiovascular adjustments in 
shock

4. Clinical significance of unusual 
electrocardiograms of apparently 
healthy people

5. Virus diseases of military 
importance

6. Toxoids and blood sera

10. An electrical study of vestibular 
function

11. Metabolic reactions to dietary, 
temperature and traumatic stresses

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

x X X X X

X X X X

X X

X X X X X

7. Repair processes occurring in
maematopoietic tissue following 
total-body radiation x

8. Physical properties and applicabil
ity of the RCAF earpiece for 
oximetry

9. Survey of viral respiratory illness, 
CFB, St. Jean



472 Special Committee

TABLE 1 - List of University Research Grants (Cont'd)
F - MEDICAL SCIENCES (Cont'd) 

Title

Years Project Active 
62/63 63/64 64/66 65/66 66/67

12. Deposition of triorthocresyl- 
phosphate (TOCP) in the central 
nervous system

13. Infectious hepatitis and serum 
jaundice

14. The effect of helium on the 
respiratory gas exchange in humans

15. Hyperventilation in pilots of 
aircraft

16. Studies on rewarming shock

17. Effect of adverse environmental 
conditions on intellectual and 
perceptual processes

18. Effect of nutritional and other 
conditions on liver metabolism

19. Dietary protein requirements for 
muscular activity (work)

20. The effect of mannitol on renal 
function and its value in 
preventing renal failure

21. A study of the allergens in 
cement dust

22. Sulphydryl compounds and 
protection against radiomimetic 
alkylating agents

23. Experimental influence of agents 
affecting cellular and tissue 
metabolism on chemical toxicity 
and sensitization

24. Study of the significance of the 
cardiac deficit in clinical shock

25. Studies on experimental shock

26. The preservation of red blood 
cells by freezing

27. Study of the molecular size 
including size distribution and 
shape of plasma volume expanders

28. Factors influencing the toxicity 
of some organophosphorus compounds

29. DRB Aviation Medicine Research 
Unit

30. The use of short chain ribosides 
as blood preservatives

X X X X X

X X X X X

X X

X X X X X

X X

X X X X X

X X X X X
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TABLE 1 — List of University Research Grants (Cont'd)
F - MEDICAL SCIENCES (Cont'd) 

Title

Years Project Active 
62/63 63/64 64/65 66/66 66/67

31. The role of sodium in the neuro
secretion of acetylcholine

32. Studies concerning western equine 
encephalitis in Saskatchewan

33. The neurophysiology of sensory- 
motor mechanisms

34. The study of the combined effects 
of thermal trauma and simulated
fallout on early mortality in mice x

35. Preservation of blood x x x x x

36. Relations between the thyroid and 
cortico-adrenal glands in animals
exposed to cold x x x x x

37. Studies on decompression 
aeroembolism

38. Study of the pharmacological
actions of pralidoxime x

39. Vasospasm due to cold x x x x x

40. The physiology of acoustic trauma,
and the intra-aural reflex x x x x

41. Detection of anoxia as cause of 
death

42. Study of the site of action of 
steroids in cerebral oedema

43. Studies on clostridium botulinum 
toxins, toxoids and anti-toxins

44. Respiratory and cardiovascular 
responses to mixtures of O2 and 
C02

45. Autonomic effects of vestibular 
stimulation

46. Regulation of heat production

47. Collagen metabolism in wound 
healing

48. The preservation of blood and 
plasma fractions in a liquid 
nitrogen refrigerator

49. Radiation Research Unit

50. Arctic Medical Research Unit

51. Studies on accidental hypothermia
52. Physiological mechanisms involved 

in the oxygen paradox

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X
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TABLE 1 - List of University Research Grants (Cont'd)
F - MEDICAL SCIENCES (Cont'd) 

Title
Years Project Active 

62/63 63/64 64/65 65/66 66/67

53. Hemodialysis in shock x

54. The brain stem mechanism under
lying the control of directed 
postural reflexes

55. Perceptual thresholds of vertical 
acceleration in man

56. The effect of drugs affecting 
perceptive ability on neurons of 
the superior colliculi

57. Metabolism of sialic acid muco-
proteins x x

58. Biochemical mechanisms in
adaptation to cold x x

59. Enzymic processes in human skin
in health and in disease x

60. Studies of the acute radiation
syndrome x x

61. Evaluation of endothelial sealing 
agents in the treatment of thermal
burns x

62. The influences of Trasylol in late 
survival rates in experimental burns

63. A mathematical model for presso
receptor activity

64. The effect of diffuse dazzle on 
the field of vision

65. Transfer in motor skills x x

66. Effect of blood C02 level on 
hemodynamic response to
epinephrine and norepinephrine x x

67. Development of a technique for 
obtaining long-term survival of
bone marrow x x

68. Histochemical evaluation of
thyroid activity x x

69. Pathological changes in the
temporal bone and eighth nerve x x

70. Relation between vestibular
function and the autonomic nervous 
system x

71. Pathogenesis of fat embolism x x

XXX

X

72. Studies of the vascular reactions 
in frostbite
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TABLE 1 - List of University Research Grants (Cont'd)
F - MEDICAL SCIENCES (Cont'd)

Title

Years Project Active 
62/63 63/64 64/65 65/66 66/67

73. Studies of arbovirus antibodies

74. Effects of cold in pharmacological
reactions x

75. The effect on colour vision of 
various extraneous stimuli, such
as noise x

76. A study of urinary peptides and
micro-proteins in bum patients x

77. Resistance and acclimatization to

78. Physiology of heparin x

79. Reaction of men and animals to
cold and damp x

80. Fission products metabolism x

81. Studies on acclimatization x

82. Effect of changes in oxygen 
tension on sympatho-adrenal and
other systems x

83. Functional organization of the
mammalian visual system x

84. Cardio-pulmonary function x

85. High oxygen effects on visual
function x

86. Local and systemic circulatory 
adaptation to a cold stress
stimulus in fishermen x

87. Estimated blood flow after cold
injury by means of an infrared 
imaging device x

88. Effects of anoxic anoxia at
different environmental 
temperatures x

89. Radiation injury; early and late x

90. Reactions to plasma expanders x

91. Studies of the circulatory effect
of C02 and hyperventilation x

92. Salivary secretion as index of
"tension-fatigue" x

93. Electrographic analysis — syncopy,
epilepsy x

94. Hypothermia and endocrine function x
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TABLE 1 - List of University Research Grants (Cont'd)
F - MEDICAL SCIENCES (Cont'd) 

Title

Yeare Projgot Active 
62/63 63/64 64/65 65/66 66/67

95. Treatment of radiation injury x

96. Eustachian tube function in the
cat, rabbit and guinea pig x x

97. Metabolic response of men to
changing skin temperature x x

98. The relationship between cardiac
output and intra-thoracic pressure x x

99. Shock in man; clinical studies 
during injury shock and
resuscitation x x

100. Changes in muscle after cold
acclimatization x

101. Fat metabolism of cold-exposed and
hibernating mammals x

x

X X

X X

G - OCEANOGRAPHY
1. Estuary current profiles

2. Plankton indicators

3. Oxygen as an oceanographic 
variable

4. Marine benthonic organism 
indicators

5. Optical properties of inlet and 
coastal waters

6. Sediments and microtopograph of 
the continental margin,
Maritime Provinces

7. Surface waves near pack ice

8. Sonic scattering layers of 
biological origin in the sea

x x

H - PHYSICS
1. Studies of ionic ferromagnets

2. Investigations in aerophysics x x x

3. X-ray studies on transition
elements x x x

4. The temperature dependence of 
the D.C. conductivity of 
dielectrics with long relaxation
times x

5. Transition in thin liquid films x

x

x

X

X

X

X

X
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TABLE 1 - List of University Research Grants (Cont'd)
H - PHYSICS (Cont'd) 

Title

Years Project Active 
62/63 63/64 64/65 65/66 66/67

6. Interaction of high intensity 
electromagnetic radiation (light) 
and acoustic excitations in matter

7. Physical properties of crystals 
containing defects in excited 
states

8. Study of optical properties of 
solids in the infrared

9. Fundamental investigations in
electronic physics x x

10. Study of solid-vapour equilibria 
of inorganic semi-conductor 
materials

11. Effect of microstructural geometry 
on the ductility of hexagonal
metals x x

12. Effect of metallurgical variables 
on properties of electronic 
materials : superconductors, 
semiconductors, lasers

13. Vibrational lifetimes of CO2
and N2O x

14. Investigations of positronium x x

15. Kinetic studies of the solid state
using photo-microscopic techniques x x

16. Solid state atomic migration

17. Shock wave propagation through
solids x x

18. Fundamental studies of photo
conductors x x

19. Properties of solids in high
magnetic fields x x

20. Transmission and reflection
of sound in fluid-filled conduits x x

21. Atomic arrangement and ferro
magnetism in alloys x x

22. Infra-red phenomena in solids x

23. Model studies of reverberation 
from sea ice

24. Thermal properties of
superconductors x x

25. Optical properties of semiconductors
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TABLE 1 - List of University Research Grants (Cont'd)
H - PHYSICS (Cont'd)

Title

Years Project Active 
62/63 63/64 64/66 65/66 66/67

26. Dissociation of diatomic molecules 
in shock waves over a wide 
temperature range

27. Slip mechanisms in single crystals

28. McMaster nuclear reactor

29. Linear accelerator laboratory

30. Fabry-perot photoelectric 
interferential spectrometer

31. Drag coefficients of evaporating 
droplets in a high temperature 
environment

X X X X X

32. Physics of metals in very low
temperatures x

33. Thermal properties in helium at
low temperatures x

34. Properties of liquid helium x

35. Investigations in aerophysics x

36. Heat transfer from a solid to 
liquid He II

37. Ferromagnetism and anti-ferro
magnetism at low temperature

38. Injection lasers

39. Infrared studies of small molecules 
of planetary interest

40. Properties of plasmas

I - SOLID EARTH SCIENCES
1. Forces verticales exercées par 

les glaces en milieu confiné

2. Seismic source mechanisms

3. Correlation of index and 
mechanical properties of soils

4. Dynamic response of a muskeg 
surface

5. Consolidation of muskeg

6. Geology and geophysics of 
sediments beneath Canadian 
Atlantic coastal waters

7. Heat budget analysis of Jones 
Sound

x

x

XXX

X X X X X

X X X X X
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TABLE 1 - List of University Research Grants (Cont'd)
I - SOLID EARTH SCIENCES (Cont'd) 

Title

Years Project Active 
62/63 63/64 64/65 65/66 66/67

8. Sub-Arctic sand dunes at Lake
Athabasca x x

9. A heavy mineral study on the 
regional distribution and 
provenance of beach sediments
of Nova Scotia x

10. Investigation of dynamic elastic 
constants and strengths of brittle
rocks x x x x

11. Seismic wave propagation in 
underwater layered media with
non-sharp boundaries x

12. Seismological investigation of 
the earth's crust in Western
Canada x x x x x

13. Natural electro-magnetic 
background

14. Geomagnetic micropulsations and 
magneto-telluric modelling

15. Submarine geology and geophysics 
of Barrow Strait

16. Behaviour of soils under blast
and similar loads x x x x

17. Magneto-telluric modelling x x x

18. Investigation of surface roughness 
of muskeg

19. Arctic bibliography x x x

20. Electrical and thermal properties
of the upper mantle of the earth x x x

J - PSYCHOLOGY
1. Psychological criteria of optimal

mental and psychomotor performance x x x x x

2. Parameters affecting vernier
acuity x x

3. The effects of terrain upon
perceived size and distance x x x

4. The effect of repetition and
individual differences in short
term memory x x

5. Effects of variations in response
strength on recognition thresholds x x x x

6. The efficiency of subliminal 
stimulation influencing the
acquisition of information x x x x

X X X X X
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TABLE 1 - List of University Research Grants (Cont'd)
J - PSYCHOLOGY (Cont'd)

Years Project Active

Title 62/62 62/64 64/65 65/66 66/67

7. Brain function and perception X X X X

8. Verbal mediation, operator-
control-display interaction and 
perceptual motor performance X X X X

9. Interstimulus interval and simple 
reaction time X X X

10. Verbal conditioning and individual 
judgment XXX

11. Parametric studies of sensory 
preconditioning in humans X X X X

12. Effects of verbal pretraining on 
transfer to a discriminative 
motor task X X X X

13. Decision processes in individual 
and group problem solving X X

14. Study of personnel factors in 
isolated northern posts X X X X

15. Coding in perception and 
immediate memory XXX

16. Behavioural and perceptual ré
adaptation to a diminutive visual 
world XXX

17. Effect of implicit context on the 
perception of size and distance X

18. Pitch discrimination and aural 
fatigue x

19. Locus of temporary work decrement 
in perceptual-motor performance X X X X

20. The generality of courage X X

21. "Background" sensory cues and 
performance X X X X X

22. Decay processes in short-term 
memory XXX

23. Training the absolute judgment 
of pitch X

24. Visual discrimination as a
function of size of response set 
and repeated experience X

25. Stimulus determinants of
attention in the perceptual 
learning process X

26. Orientation problems with
unorthodox imagery in air space 
systems
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TABLE 1 - List of University Research Grants (Cont'd)
J - PSYCHOLOGY (Cont'd)

Years Project Active

Title 62/63 63/64 64/65 65/66 66/67

27. Serial order and 'holding' in
perception x X X X X

28. Learning properties of randomly 
connected nets of electronic
neurons x X X X X

29. Investigation of stereoscopic 
vision under intermittent 
stimulation x

K - SOCIOLOGY
1. Modification of social behavior 

through observational learning X X X X

2. Secondary status characteristics 
and the organization of task groups X

3. The social organization of applied
science x XXX

4. Ascendent-submissive behavior in 
pairs of human subjects as a 
function of their "emotional 
responsiveness" and intelligence x

5. Study of small group behaviour x

6. Individual differences in social 
judgments XXX

7. Research on the dynamics of human
X

8. Cooperation, competition, and the 
structure of social interaction X X X X

9. The development and evaluation of 
procedures for the investigation 
of goal seeking processes with 
special reference to optimization 
and adaptation X X X X

10. Psychological and social aspects 
of bilingual skill; measurement of 
linguistic dominance x X X X X
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TABLE 2 - List of Defence Industrial Research Grants*

Years Project Active

Title 62/63 63/64 64/65 65/66 66/67

1. Wing Augmenter Research

2. Advanced STOL Turbofan Powered 
Transports Utilising BLC and 
Vectored Thrust

3. VTOL Fan-in Fuselage Research 
Program

4. VTOL External Augmenter 
Research Program

5. Mechanical High Lift Systems 
(Phase I)

6. Lateral Handling Qualities of 
Small Aircraft

7. Gust Response of STOL Aircraft

8. Slipstream Interference with 
Four Propeller/Wing Configura-

9. Mathematical Applications in 
Aerodynamic Design and Analysis 
Procedures

10. Signal Processing

11. Submicron Dielectric Films

12. Ferrite Research

13. Electromagnetic Digital Displays 
and AC/DC Transducing Devices

14. Polycrystalline Ceramics for 
Substrates

15. Use of Iron Oxides in the 
Preparation of Magnetic Oxides

16. Electronic Improvement and 
Processing of TV Generated 
Reconnaissance and Weather 
Pictures

17. Injection Luminescence

18. Research on Silicon Integrated 
Circuits

19. The Physical Properties of 
Selenium, Tellurium and their 
Semi-conducting Compounds

20. A Study of Visual Simulation 
Problems in Flying Training 
Systems

X X X X X

XXX

XXX

* All the DIR Grants belong in the "Engineering and Technology" discipline.
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TABLE 2 - List of Defence Industrial Research Grants (Cont'd)

Years Project Active

Title 62/63 63/64 64/66 66/66 66/67

21. Thin R.F. Magnetic Films x x x

22. Electrolytic Integration x x

23. Signal Processing in Advanced
Sonar Systems x x

24. A Continuing Magnetic Anomaly
Detection Research Program (MAD) x x

25. Radar Techniques x x

26. Support of Advanced Semiconductor
Devices and Circuits x x

27. Advanced Magnetic Sensing Devices x x

28. The Application of Semiconductor
Diode Light Emitters x x

29. Underwater Seismic Research x x

30. Tantalum/Tantalum Oxide System
for HF Electrolytic Capacitors x x

31. Applied Research on Photodevices x

32. Advanced Microwave Circuitry x

33. Electroless Deposition of Resistive
Metal Films x

34. Non-Linear Resistive Thin Films x

35. Thin Film UHF Voltage Tunable
Circuits x

36. Digital Computation for Simulators x

37. Microelectronic Circuit Techniques 
Applicable to Avionics and
Military Equipment Design x

38. Materials for Variable Resistors x

39. Solid State and Thin Film
Processes and Devices x

40. Pattern Recognition Systems x

41. Electroluminescence Switching
Problems x

42. Semiconductor and Dielectric
Materials x

43. Preparation and Properties
of Ferrimagnetic x

44. Silicon Carbide Devices x

45. Silicon Carbide Materials x

29099—15



484 Special Committee

TABLE 2 - List of Defence Industrial Research Grants (Cont'd)

Years Project Active

Title 62/63 63/64 64/65 65/66 66/67

46. Welding Research on High Strength 
Steels

47. Improved Magnesium Die-Casting 
Alloys

48. Zinc Die Casting Alloys with High 
Resistance to Low Temperature 
Impact

49. Turbine Blade Coating Research

50. Improved Fabrication Methods for 
Lightweight High Strength 
Pressure Vessels

51. High Purity Iron Powder by the 
Ferrous Chloride Technique and 
Application and Fabrication of 
this Powuer

52. Superior Die Material for 
Die Casting

53. Automated Structural Analysis 
Procedure (Astra)

54. High Strength Steels for 
Servo Mechanisms

55. Power Spectral Density Techniques 
in Structural Analysis

56. Evaluation of Titanium Welding 
and Machining Techniques

57. Dispersion Strengthened Nickel- 
Chromium Alloy Powder Research

58. Analysis of Aircraft Vibration Modes

59. Machinability of Stainless Steels

60. Thin Gauge Diffusely Stiffened 
Composite Structural Components

61. An Optimum Panel Analysis 
Procedure

62. Centrifugal Compressor Research

63. Radial Turbine Research

64. Combustion Research Program

65. Axial/Centrifugal Compressor 
Research

66. Silver Chloride/Magnesium 
Systems

67. High Frequency Coupling 
System Research

X X X X X

X X X X X
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TABLE 2 - List of Defence Industrial Research Grants (Cont'd)

Title

68. Fluia State Logic Control System

69. Fuel Cell Research

70. Fuel Cell Power Supply for 
Oceanographic Buoy Application

71. Mechanical Research into High 
Rotating Speed Radial Flow 
Components

72. Anodic Oxidation of Hydrazine

73. A Cooled Radial Turbine 
Research Program

74. Optical Thin Film Technology

75. Low Speed-High Torque Hydraulic 
Motors

76. Recirculating Ball and Acme 
Thread Actuators

77. Compact Gearboxes

78. Gas Bearing Technology

79. Storable Tubular Extendible 
Members (STEMs)

80. Electro-optic Crystals for 
Display Systems

81. Remote Vapour Detection- 
Correlation Spectrometer

82. Dispersion Strengthening of 
Nickel-Chromium Ternary and 
Higher Alloys

83. STOL Aircraft Research

84. Low Drag/High Lift Technique

85. A Recirculating Ground Effect 
Machine with Flexible Trunks

86. Interference Drag of Cruciform 
Wing-Body-Nacelle Configurations

87. STOL Operations

88. Advanced Turboprop Powered 
Transports

89. Study of an Electron Beam 
Type Mixer

90. Study of Semiconductor Materials 
for Solid State Devices

91. Microwave Properties of Plasmas

Years Project Active 
62/62 62/64 64/65 65/66 66/67

X X X X X

29099—15*
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TABLE 2 - List of Defence Industrial Research Grants (Cont'd)

Years Project Active

Title 62/63 63/64 64/66 65/66 66/67

92. Photoconductive Cells x

93. Intermetallic Compounds x

94. Thin Film Circuit Techniques x

95. Electroluminescence for
Display Systems x

96. Study of Radio Frequency
Suppression Filters x

97. Coded Data Processing x

98. Micro Connections for Micro
miniature Circuits x

99. Prevention of Errors in Data
Transmission Systems x

100. Cryogenic Research Program x

101. Feasibility Study of an 
Electrolytic Integrator

102. Magnetic Anomaly Detection
System (MAD) x

103. Solid State Research in Support
of Satellite Telemetry x

104. Non-linear Active Devices x

105. Thermoelectric Cooling x

106. Properties of ADP & KDP Crystals

107. Application of Digital Computa
tion to Flight and Tactical 
Simulators x

108. Research Support in the Field of 
Laser Applications

109. Applied Research on Inertial 
Navigation Devices

110. Ionospheric Propagation Studies

111. Infrared Spectrometers and 
Radiometers

112. Applied Research on Lasers

113. Organic Electrolyte Systems

114. Support of Devices for Nuclear 
Radiation Detection

115. Preparation of Electronic 
Ceramics

116. New Visual Simulation Techniques

x x

X X

X X

X X

X X

X X
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TABLE 2 - List of Defence Industrial Research Grants (Cont'd)

Years Project Active

Title 62/63 63/64 64/65 65/66 66/67

1]7. Thin Film Resistive and 
Capacitive Elements

118. Silicon Photodevices

119. Solid State Materials and Devices

120. Silicon Carbide

121. The Application of Ultrasonics to 
the Diagnosis and Prevention of 
Decompression Sickness

122. Advanced Research on Photo- 
conductive Devices

123. Advanced Research on the Special 
Properties of Gaseous Plasmas 
and Plasma Lasers

124. Thin Film Active Devices

125. Microelectronic Circuits

126. Ground Speed Sensor

127. Digital Computation Techniques 
Applied to Airborne Navigation 
Systems

128. Corona Degradation of Plastic 
Insulation

129. Microelectronic Circuit 
Techniques Applicable to Avionics 
and Military Equipment Design

130. Extended Range Thin Film 
Microcircuitry

131. Electroluminescence and its 
Applications

132. Magnetic Encoders

133. Spread Spectrum Techniques

134. Semiconductor Transducers

135. Myoelectric Devices

136. Thin Film Techniques

137. Thermoelectric Coolers

138. Metallic Halide Dissociation x x

139. Dispersion Strengthening and 
Flame Spraying with Powder
Metals x x

140. Production Methods for Strategic 
Ferro-Alloys and Refractory
Metals x x
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TABLE 2 - List of Defence Industrial Research Grants (Cont'd)

Years Project Active

Title 62/63 63/64 64/66 65/66 66/67

141. Crack Propagation in Panels and 
Aircraft Structures

142. Effects of Uranium in Aircraft 
Quality Steels

143. Submerged Arc Welding 
Titanium Sheet

144. Corrosion Resistance of High 
Strength Steel Sprayed with 
Aluminum

145. Chemical Milling of Aluminum
Alloys x x

146. Novel Field-Curing System for
Epoxy Resins x x

147. Static and Fatigue Strength of 
Glass Reinforced Plastic
Components x x

148. Feasibility of Low Pressure Die
Casting of Magnesium x

149. V/STOL Structural Research

150. STOL Undercarriage Research

151. Annular Combustion Chamber
Research x x x

152. Free Piston Engine Research

153. Turbofan, Turboprop Study

154. Cryogenic Research Program

155. Alkaline Primary Systems

156. Advanced Alternating Current 
Generator Techniques

157. Turbine Braking

158. Light Weight Regenerator 
Research

159. Heat Exchanger Research

160. Alkaline Manganese Dioxide 
Systems

161. Wear and Friction x x

162. Hydraulic Cylinders x

163. Vertical Gyro Attitude Reference x

164. Wear and Friction
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TABLE 2 - List of Defence Industrial Research Grants (Cont'd)

Title

Years Project Active

62/63 63/64 64/66 65/66 66/67

165. Shape Effects in Hypervelocity 
Impact X X X X

166. Independent Structure (Space)
Crew Escape Concepts XXX
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TABLE 3 - List of DRB Intramural Projects

DEFENCE RESEARCH ESTABLISHMENT PACIFIC

Years Project Active

62/61 63/64 64/66 66/66 66/67

SUBMARINE DETECTION

Acoustics Research

Propagation of sound jn the sea under 
various environmental conditions, with 
reference to the long range detection 
of submarines x

Under-ice ambient noise and acoustic 
propagation and related environmental 
studies in Canadian Arctic waters x X X X x

The effect of surface coatings on 
drag reduction and boundary layer 
noise of submerged vehicles x X x X X

Under-ice acoustic research in the
Beaufort Sea x

Electromagnetic Research

Magnetic anomaly detection of sub
marines in natural noise x X X X X

Long period electromagnetic phenomena x X X X X

Propagation of low frequency 
electromagnetic disturbances x X X

Study of Wakes

Creation and detection of wakes in
the ocean x X X X X

DOCKYARD SERVICES

Investigation of non-destructive 
methods of boiler examination X

Evaluation of ships paints x X X X X

Cathodic protection x X X X X

Electrolytic water treatment x X X X X

Application of plastics to Canadian
Forces ships in service X x

Fluorescent plastic film sea marker
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TABLE 3 - List of DRB Intramural Projects (Cont'd)

DEFENCE CHEMICAL, BIOLOGICAL AND RADIATION ESTABLISHMENT
Years Project Active 

62/63 63/64 64/65 65/66 66/67

NUCLEAR DEFENCE
Radiation chemistry

Radiation physics

Ionic physics

Radiac instrumentation

Protection afforded by clothing 
materials against thermal radiation

Biological effects of ionizing 
radiation

NBC protective clothing and 
equipment

BIOLOGICAL DEFENCE
Immunization studies x x

Collection and detection of
microorganisms in dilute aerosols x x

Rapid identification of microorganisms x x

CHEMICAL DEFENCE
Detection of toxic agents

Decontamination of toxic agents

Antidotal drugs for toxic agents

Production and reconditioning of 
service masks

Adsorption studies

POWER SOURCES
Power sources

Torpedo batteries

Power supply for sonar transmitter

Electrical equipment evaluation and 
development

ENTOMOLOGICAL RESEARCH
Armed Forces Manual on Pest Control x x x x x

Protection against biting flies — 
insecticide dispensing equipment
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TABLE 3 - List of DRB Intramural Projects (Cont'd)

DEFENCE CHEMICAL, BIOLOGICAL AND RADIATION ESTABLISHMENT

Teare Project Active

62/63 63/64 64/66 66/66 66/67

MISCELLANEOUS

Spectroscopy X X

Experimental work on rubber and
plastic mouldings x
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TABLE.3 - List of DRB Intramural Projects (Cont'd) 

DEFENCE RESEARCH ESTABLISHMENT ATLANTIC

Years Project Active

62/63 63/64 64/65 65/66 66/67

ANTI SUBMARINE WARFARE

General

ASW/service projects unit XXX

High-strength low-weight materials X X X X X

Dockyard Laboratory Services to the 
Canadian Armed Forces X X X X X

Acoustics

Explosive echo ranging X X

Low frequency acoustics in
Canadian coastal waters X X

Development of transducer materials 
and designs X X X X X

Development of signal processing 
techniques for improved classification 
and detection X X X X X

Underwater acoustics research for 
submarine detection X X X X

Research related to sonar for 
hydrofoil craft X

Hydrodynamics

Hydrofoil craft
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TABLE 3 - List of DRB Intramural Projects (Cont'd)

DEFENCE RESEARCH ESTABLISHMENT TORONTO

Years Project Active 
62/63 63/64 64/65 65/66 66/67

ENVIRONMENTAL STRESS

Investigation of the effects of 
exposure to vibrations various 
applitudes and frequencies upon 
auditory perception

Quantitative determination of the 
physiological effects of angular 
and linear acceleration

Physiological responses produced by 
exposure to various steady environ
mental states and to sudden 
environmental changes

Studies in oxygen toxicity

Metabolic effects and interrelations 
of diet, hormones and environmental 
temperatures

Physiological effects of high ambient 
pressure

Measurement and analysis of subsonic, 
sonic and ultrasonic vibrations in 
various working areas

Treatment and control of accidental 
and induced hypothermia

The biological effects of high energy 
pressure vibrations

Endocrine responses to physical 
stimuli

HUMAN FACTORS

Factors involved in the learning, 
transfer and retention of skills

The effect of various design 
characteristics of controls on 
operator performance

Studies of vigilance

Investigation of factors involved in 
the presentation and processing of 
information

Human factors engineering of RCN 
and other ships

Studies in voice communication

Problems associated with low speed, 
low level air navigation

X X X x x

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X

X X X X X
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TABLE 3 - List of DRB Intramural Projects (Cont'd)

DEFENCE RESEARCH ESTABLISHMENT TORONTO

Years Project Active 
62/63 63/64 64/65 65/66 66/67

ENVIRONMENTAL PROTECTION

Environmental protection and
personal equipment x x x x x

Physical properties of materials for 
environmental clothing and personal
equipment x x x x x
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TABLE 3 — List of DRB Intramural Projects (Cont'd)

CANADIAN ARMAMENT RESEARCH AND DEVELOPMENT ESTABLISHMENT
Years Project Active 

62/63 63/64 64/65 65/66 66/67

ROCKETS AND PROPELLANTS
Solid rocket propellant research and 
development x

Rocket motor research x

Rocket motor for artillery 
meteorological data sounding system

High altitude research vehicle
(Black Brant II) x

Propulsion test vehicle
(Black Brant I) x

Chemical analysis of explosives 
propellants and ingredients x

ARMAMENT
Evaluation of armaments and
training devices x

Firing trials — Army x

Firing trials — general x

Technical investigation of
ammunition and components x

Miscellaneous armament and explosive 
investigations x

Shipboard magazines — explosive 
hazards

Coloured smoke generators and 
marine markers

Basic investigations of the 
mechanisms of armour penetration

Bomb spotting charges

Coatings for warheads, mines and 
projectiles

Mechanical properties of material
under high strain rates x

Ductile-brittle transition in 
metals by ultrasonic methods

Weapons systems studies x

Design of modifications to ammunition

High explosive sensitivity to shock x

Properties of ceramics and ceramic- 
metal composites produced by 
reactive hot pressing
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TABLE 3 - List of DRB Intramural Projects (Cont'd)

CANADIAN ARMAMENT RESEARCH AND DEVELOPMENT ESTABLISHMENT
Years Project Active

62/63 63/64 64/66 65/66 66/67

Evaluation of training aids X X X X

Torpedo warhead testing X

Medium anti-tank weapon system X X

Increased range — 105mm Howitzer x
ASW
Anti-submarine weapon improvement X

Technical investigation and 
modification of A/S projectiles and 
associated components X X

FHE 400 Hydrofoil weapon system 
studies XXX

Explosive echo ranging development X

DETECTION AND SURVEILLANCE
PERISCOPTER elevated viewing system X

Composition of the atmosphere and its 
radiative processes X X

Hypersonic physics X X X X X

Electro-optical devices X X

Military applications of electronic 
and electro-optical techniques X

Combat intelligence research X X X X

Infrared background and transmission 
measurements at 100,000 feet 
altitude XXX

Infrared techniques development X

Battlefield target and background 
characteristics XXX

Aerodynamics
Applied aerodynamics X X X X X

Weapons Systems Studies
Analysis of systems of active defence 
against ballistic missiles
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TABLE 3 — List of DRB Intramural Projects (Cont'd)

DEFENCE RESEARCH TELECOMMUNICATIONS ESTABLISHMENT
Years Project Active 

62/63 63/64 64/65 65/66 66/67

RADIO COMMUNICATION RESEARCH
Radio Communications research x X X X X

Applications of signal processing to 
telecommunication systems x X

Noise modulation x X X X X

Studies of high speed communications 
techniques x

Computer predictions for HF radio 
propagation x X X X X

HF radio propagation prediction
service x X X X X

Study of an ionospheric high 
frequency prediction sounder XXX

Millimicrosecond pulse techniques x X
Improvements in maritime
communications x

Maritime HF communications
altitude effect x

"Burst Type" long range VHF
communications x

SATELLITE COMMUNICATIONS RESEARCH
Multiple access satellite 
communications X

UPPER ATMOSPHERIC RESEARCH
Theoretical studies of fundamental 
physical processes x X X X X

Theoretical studies of problems
related to the ionosphere x X X X X

Radar aurora at UHF and its 
correlation with other geophysical 
phenomena x X X X X

Upper atmospheric research by rockets x X X X X

Studies of the upper atmosphere using
radio waves of extra-terrestrial
origin x X X X X

Studies of the ionosphere using
VLF/LF and HF x X

Studies of the ionosphere using the 
Whistler mode of propagation
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TABLE 3 - List of DRB Intramural Projects (Cont'd)

DEFENCE RESEARCH TELECOMMUNICATIONS ESTABLISHMENT (Cont'd)

Synoptic research on the disturbed 
ionosphere

The analysis of radio soundings of the 
ionosphere from satellites

Measurement and studies of upper 
atmospheric electron densities and 
collisional frequencies

Studies of the upper atmosphere using 
scatter modes of propagation

Frequency standard maintenance and 
frequency control systems

Ionospheric propagation studies

Missile induced F-layer disturbances

Ionospheric measurements

Research on the effects of auroral 
ionization on UHF propagation

Special vertical incidence 
ionospheric soundings

Years Project Active 
62/63 63/64 64/65 65/66 66/67

ARCTIC RESEARCH
Geological, glaciological and 
climatic studies on the
Ellesmere Ice Shelf x x x x x

Geophysical studies in the high Arctic x

Sea ice distribution and behavior

DETECTION RESEARCH
Microwave propagation

Target detection and recognition

Prince Albert Radar Laboratory 
experimental program

Intercept and analysis techniques

Homer for CF 100

Ground-based monitor equipment

Radar research

Radar signal processing techniques

ELECTRONIC RESEARCH
Automatic techniques in data 
processing

29099—16
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TABLE 3 - List of ORB Intramural Projects (Cont'd)

DEFENCE RESEARCH TELECOMMUNICATIONS ESTABLISHMENT (Cont'd)
Years Projeat Active 

62/63 63/64 64/65 65/66 66/67

Microwave and optical properties 
of materials x

Semiconductor research (circuits) x

Semiconductor devices (components) x

Growth conditions, junction formation
and properties of semiconductors x

Transistor digital computation x

Amplification of low energy
electronic signals x

Intermetallic compound semiconductors x

Application and packaging of
electronic components x

xxx

X X

SPACE VEHICLE RESEARCH
Flexible body dynamics

Application of scale models to 
structural dynamics

ISIS — International satellites for 
ionospheric studies

Instrumentation of a satellite for 
ionospheric sounding

X X X X X
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TABLE 3 - List of ORB Intramural Projects (Cont'd)

DEFENCE RESEARCH ESTABLISHMENT SUFFIELD
Years Project Active 

62/63 63/64 64/65 65/66 66/67

SHOCK AND BLAST RESEARCH
Dynamic loading effects of shock or blast X
Excavation of 500-ton crater X

Properties of shock waves produced in
shock tubes and by free field
explosions x X X X X

SES participation in Operation
Distant Plain x

Prairie Flat — 500-ton blast 
trial at SES, 1968 X

Evaluation of the response of 
emergency measures organization 
equipment and structures of 
dynamic loading

Evaluation of the response of Canadian
Defence Forces equipment and 
structures to dynamic loading x
Characteristics of seismic waves from 
explosive sources x

Morphology of craters and mechanics 
of cratering X

CHEMICAL DEFENCE
Evaluation of the hazards of toxic
agents x X X X X

Evaluation of protective measures,
including prophylaxis and therapy
against toxic agents x X X X X

Meteorological studies related to
defence x x X X X

Research on particulates x X

BIOLOGICAL DEFENCE
Laboratory studies of the hazards of 
bacterial aerosols x X X X X

Laboratory studies of the hazards of
Ve and A1 aerosols x „

29099—161
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TABLE 3 - List of DRB Intramural Projects (Cont'd)

DEFENCE RESEARCH ANALYSIS ESTABLISHMENT

Years Project Active 
62/63 63/64 64/66 66/66 66/67

MARITIME STUDIES

Analysis of maritime operations X X

Operational research studies of 
maritime forces structures X X

Studies in maritime operations x X X X X

Maritime air defence studies X X

Operational research studies of 
maritime weapons systems X X

Analysis of Mariant Exercises x X X X X

Analysis of contacts x X X X X

Studies of maritime and
transport operations x XXX

Evaluation of naval weapon and
detection systems x XXX

LAND FORCE STUDIES

Methodology of land/air war gaming x X

Participation in land force exercises 
and summer concentrations XXX

Studies of strategically mobile 
tactical forces X X

Land force combat intelligence 
studies X X

Terrain and intervisibility analysis XXX

Investigations of photographic 
interpretation X

Assistance in planning field trials 
and experiments X X

A study of cost-effectiveness of 
weapons systems x X

Requirements for aids to amphibians XXX

Studies of land operations in 
limited visibility XXX

Development of operational models -and 
simulations of land operations X

Investigations of Canadian Land Forces 
weapons systems x X

War games study of future land force 
combat operations
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TABLE 3 - List of ORB Intramural Projects (Cont'd)

DEFENCE RESEARCH ANALYSIS ESTABLISHMENT (Cont'd)
Years Project Active

62/63 63/64 64/65 65/66 66/67

Development and play of training games x

War gaming brigade operations in 
northwest Europe X

Study of operational support and 
reliability of armoured personnel 
carrier x
Computer models of combat operations XXX

Preliminary study of the automation 
of the CAORE war game XXX

Viewing aids field measurement 
program XXX

AEROSPACE STUDIES
Studies of air defence capabilities x X X X X

Performance of radars x X X X X

North American Defence X

Studies of air defence operations and 
strike operations x X X X X

Systems requirements for tactical 
air operations XXX

Evaluation of low altitude air 
defence systems for Canadian
Land Forces XXX

Studies of air transport operations X X

Weapons systems evaluation x X X

LOGISTIC STUDIES
Studies of personnel flow X X

Survival planning and operations x X X X X

Logistics studies XXX

Analysis of strategic transport for 
mobile tactical forces X

Mathematical analysis of military 
formations effectiveness in relation 
to cost in manpower and equipment x
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APPENDIX A - ANNEX IX

CASE HISTORIES OF SOME SELECTED PROJECTS

INTRODUCTION
1. The case histories which follow are presented as examples of projects 

carried out by the Board's establishments that have produced significant 

results within the past five years. Examples of the results of DRB's 

extramural projects have been described in earlier annexes.

2. There are many definitions of "basic research", "applied research" and 

"development" and, in general, they depend on the point of view of the author. 

The definitions used within the Department of National Defence reflect the 

mission-oriented point of \iew and are as follows :

(a) Basic Research is research carried out to increase the accumulated, 
objective, and systematic knowledge of the inherent properties of 

matter, space, energy, natural phenomena and biosystems and their 

interactions. There are two prime motivations for doing basic research. 

One is composed of curiosity and personal tastes; the other is a serious 

deficiency in existing knowledge which is recognized as being a real or 

potential barrier to scientific understanding and technological 

advances. When pursued for the latter reason it is termed "objective 

basic research" and, in the defence context, the knowledge deficiency 

must have substantial defence implications to qualify the research as 

objective basic research.

(b) Applied Research — includes all effort concerned, with the application 
of knowledge, materials and/or techniques to the solution of specific 

military problems short of development activity. It may involve 

studies, investigations and the construction of breadboard hardware.

The dominant characteristic of this category of effort is that it is 

directed toward identifying and evaluating the feasibility and 

practicability of new concepts, techniques or military materiel. The 

effort may lead to the formulation of OEOs* and OERs*.

* OEO = Operational Equipment Objective

OER = Operational Equipment Requirement



Science Policy 505

(c) Preliminary Development — Includes systems analysis, feasibility 

studies, trade-off studies and projects which require the development 

or use of hardware for technical evaluation or operational test as 

opposed to design and engineering of hardware for eventual military use. 

This category of effort will usually be undertaken in response to an 

0E0 and be aimed at the formulation of an OER.

(d) Engineering Development — Includes all projects which require 
engineering, test and evaluation of systems, sub-systems or equipment 

for military use but for which production and deployment has not been 

approved. This category of effort will be conducted in response to 

an OER.

(e) Operational Systems Development — Includes research and development 
effort directed toward the acquisition of systems, sub-systems or 

equipment that have been approved for production and deployment. All 

activities in this category will be in support of procurement activity.

3. The examples are classified in categories according to these definitions.

EXAMPLES IN THE CATEGORY OF OBJECTIVE BASIC RESEARCH
4. Ocean Acoustics — While passive sound ranging for the detection of 

submarines had its genesis in World War I, the present method is an active 

one — a sound signal is generated in the water, and from the resultant echo, 

the direction and range of the submarine is deduced (SONAR). For the last 

several decades, our knowledge of how sound behaves in the ocean has not been 

adequate to meet the needs of the technical officers in the Canadian Forces 

and the industrial engineers who were concerned with the provision of improved 

sonar equipment. Consequently when the main burden of developing the Variable 

Depth Sonar had passed from the Defence Research Establishment Atlantic (DREA) 

to the Royal Canadian Navy, a decision was taken to spend more effort on 

investigating the basic phenomena involved.

5. An examination of the US, UK, and Canadian R&D programs indicated 

that there were three different but closely related possibilities for large
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gains in sonar performance, that two of these three were the subjects of 

large projects in the US or UK and that the third, which was receiving 

little attention, seemed rather suitable for the approach DRB thought 

necessary. During this examination the maritime component of the RCAF made 

a specific request to DREA for some research related to echo ranging using 

explosives which, it was recognized, would serve as a good first stage of the 

research program required.

6. DREA then embarked on a research program to use the Reliable Acoustic 

Path (RAP) (the very deep parts of the ocean) which was a balanced mixture of 

basic investigation of the acoustic characteristics of the ocean and applied 

experiments on the detection of submarines. Explosives were used as sources 

of sound for the research, which meant that the early experiments should 

yield the scientific information requested by the RCAF. The scientists 

assigned were involved in both parts of the program so that the "applied" 

purpose for which the basic work was required should not be forgotten.

7. The equipment required for the RAP research had to be placed very deep 

in the ocean and it was, therefore, new in concept and very large and heavy. 

While it was being designed and built, basic research proceeded for some time 

at shallow depth with fairly simple experiments. DREA scientists were able 

to separate and measure quantitatively many of the phenomena of ocean 

acoustics which affect the sonar process. As a result, many of the RCAF 

questions were answered and others were more sharply defined. Some of the 

latter are the objectives of DREA projects now in progress.

8. Also, because of the basic investigations, it was possible to predict 

echo ranging performance and to design more efficient "applied" experiments 

to check these predictions. Further, since the predictions proved to be 

reasonably accurate, only a relatively few applied experiments were required 

to demonstrate the acoustic feasibility of the RAP. These "applied" 

experiments require greater resources than the basic research experiments, 

but they are necessary both to assist the Canadian Armed Forces in assessing 

the operational utility of the concept and to point up anomalies.which need 

further research.
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9. The feasiblity has been demonstrated, in particular the very high 

reliability of detection in all but a few of the circumstances examined. 

Engineering feasibility and cost-effectiveness need, and are receiving, study 

primarily in other parts of DND.

10. The results of this research have important non-defence implications 

which follow from the fundamentally basic approach which was taken. It seems 

likely that some significant features of the ocean can be studied only by 

acoustic methods. This suggests cooperative experiments between the 

oceanographic community and the defence-science community. One example only 

will be cited since it is currently the subject of joint work between DREA 

and the Marine Ecology Laboratory (MEL) of the Fisheries Research Board.

11. One of the most important sources of difficulty in the use of long 

range sonar is the interfering background of sound scattered from horizontal 

layers of biological organisms in the ocean. Marine biologists are interested 

in these organisms because they form part of the food chain in the sea, parts 

of which have direct commercial significance. Because DREA and MEL have 

quite different reasons for being concerned with the distribution and behaviour 

of these organisms, and because their skills and techniques are different, a 

joint effort should result not only in increased efficiency but also in a

more penetrating research program.

12. Under-ice Natural Noise in the Canadian Arctic — The objective of the 

research by the Defence Research Establishment Pacific (DREP) in underwater 

acoustics in the Canadian Arctic is to obtain a better understanding of the 

basic environment that determines the performance of acoustic detecting and 

ranging systems in ice-covered waters.

13. During 1963-64, near Ellef Ringnes Island in the Canadian Archipelago 

measurements were carried out of the natural under-ice noise under static 

conditions accompanied by sound propagation tests using explosives. The 

results from this series of experiments and others which were carried out 

during the periods in which access to the area was possible, indicated that
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the noise producing mechanisms as a result of ice cracking were induced by two 

basic environmental phenomena, the first being air temperature changes and the 

second wind speed.

14. Analysis of these initial results indicated the desirability of recording 

the natural under-ice noise on a year round basis. Consequently a recoverable 

instrument package was designed by the laboratory and five units were moored

in various locations at various depths in the Archipelago. These units are 

designed to record Arctic environmental acoustics automatically, on an 

hourly basis, over a full year period. These units were moored from the 

CCGS Labrador in August 1967 and are being recovered during August/September 

1968. The recovery operation was also carried out from the CCGS Labrador, 

which carried the PISCES, a commercially developed, deep submersible midget 

submarine, together with Canadian and American scientific groups cognizant 

with Arctic scientific problems.

15. Most of the available acoustic information from the waters of the 

Canadian Archipelago results from measurements made by the Defence Research 

Establishment Pacific. Analysis of the digital recordings from the recoverable 

instrument packages together with the collation of the data gathered by the 

other scientific representatives will yield further valuable basic 

oceanographic and acoustic research information on the Arctic environment.

16. The Formation of Craters by Explosions - This work started out as 

applied research, but has resulted in a first class contribution to the basic 

science of the subject.

17. In the early nineteen fifties, DRB was anxious to develop a capability 

in the field of nuclear weapons effects, so that it could give competent 

advice to the Minister of National Defence and the Canadian Armed Forces. But 

of course Canada had no nuclear weapons, and the law of the United States 

precluded Canadian scientists from taking part in US nuclear tests. At the 

same time, the United Kingdom was short of scientists for its rapidly 

expanding atomic weapons research. Accordingly, DRB scientists helped to 

make measurements of thermal radiation, shock and blast pressures and analysis
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of fallout at the early British nuclear weapons test series. In doing so, 

they acquired know-how of nuclear weapons effects without gaining any 

knowledge of nuclear weapons technology.

18. By 1957, such participation was clearly inconsistent with developing 

Canadian foreign policy. It was desirable to keep the capability in being, 

and the experience gained had disclosed that all the phenomena connected with 

explosions were not clearly understood. Some excellent work had been done 

with high explosives in Britain, but in that crowded island it was difficult 

to explode more than one ton of TNT. The British suggested that Canada could 

make a contribution by working in the multi-ton range since we had isolated 

test facilities. Accordingly a shock and blast program was started at the 

Defence Research Establishment Suffield (DRES), to investigate the basic 

phenomenology of explosions and to gain knowledge of the forces exerted by an 

explosion on model shapes and real equipment, including the craters formed by 

an explosion so that realistic advice could be given to Canadian Armed Forces 

and Civil Defence. Techniques had to be perfected, and an explosion of 5 tons 

in 1959 was followed by 20 tons in 1960, 100 tons in 1961 and 500 tons in 1964.

19. Knowledge of the kind of craters to be expected from nuclear explosions 

on land was based on those formed by nuclear tests at the Nevada Test Site in 

USA. As early as the 20 ton explosion in 1960 it became evident that the 

craters being formed by test explosions at Defence Research Establishment 

Suffield differed markedly from those at the Nevada Test Site because they 

were wider and shallower. Several years later, it seems probable that the 

Suffield craters more likely represent what would happen in most areas of the 

world than the Nevada ones do. The Nevada geology is fairly rare.

20. At the 1961 explosion, but more particularly at the 500 ton explosion in 

1964, extensive instrumentation was introduced. Along with the most accurate 

surveying before and after, coloured columns of sand and identifiable capsules 

placed in the crater area showed the movement of the various strata in the 

earth, while seismometers measured the forces in operation beyond. The crater 

from the 1964 explosion was of the greatest interest to geologists, 

geophysicists and astronomers. It resembled very strongly craters observed
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on the moon (and Mars) and the remains of similar craters on earth. Not only 

was there a central uplift but the usual crater lip was slumped or depressed, 

there was radial and circumferential cracking, expulsion of sand and water 

from great depth, and other interesting geological effects. As a result of 

3 years analysis of the extensive information derived from the instrumentations, 

this project has contributed much original knowledge on the forces at work, 

and the nature of the formation of impact or explosive craters.

21. This work was successful because:

(a) DRB had available a very large test area within which it was possible 

to find the relatively small areas required for the experiments.

(b) The staff concerned were competent, and enthusiastic because the 

problem was basically interesting.

(c) Extensive interchange of information in the US and UK through the 

Technical Cooperation Program ensured that the proper information was 

sought, and in the proper way.

(d) Valuable support in the experiments was provided by USA.

22. Ionospheric Research by Satellite — One of the most prominent of

DRB's accomplishments is the world-renowned success of the Alouette satellites. 

These have been outstandingly successful in relation to both scientific 

results and engineering achievements. Nevertheless many do not realize that 

the satellite program developed naturally as part of a long-standing research 

program in a field of defence interest. The defence interest was 

telecommunications and the roots of the program can be traced back to a 

request from the Royal Canadian Navy during World War II asking NRC to study 

the conditions which affect radio transmissions. Studies of ionospheric 

conditions and their effects on telecommunications began in 1941.

23. Thus, since its inception, DRB has had a long-term research program 

on the upper atmosphere as an essential foundation for the development, 

design or improvement of communications systems or circuits in which the 

upper atmosphere plays some role.
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24. Originally all upper atmosphere experiments were conducted from the 

ground, and obtained information about this region by observing the modification 

of radio waves propagating through it. Observations have been made using 

waves with frequencies from a few cycles per second to many megacycles. The 

absorption, reflection, partial reflection, scatter, dispersion and 

polarization of such waves have all been studied in efforts to deduce the 

variation of electron density and collision frequency as a function of height, 

and to understand the terrestrial, interplanetary, and solar physical 

processes that determine these parameters.

25. Until the space age all observations were necessarily made from the 

ground, from aircraft, or from balloons. As soon as rockets and satellites 

were available it was a natural extension of the program to use them as 

observational platforms.

26. The scientific reason for launching the Alouette Satellite (1962) and 

its successor, Alouette II (1965) was to obtain information about the 

ionosphere, that region from 50 to 600 km above the earth's surface where 

there are layers of ionized gases (plasmas) on which nearly all military and 

many civil communications depend. The ionosphere had previously been 

investigated only from below.

27. The data from the two Alouettes has greatly advanced the knowledge and 

understanding of the top part of the ionosphere (scientists in many lands 

have used the Alouette data for scientific papers). Although the complexity 

of the structure of the ionosphere is such that analysis is far from complete, 

the gross structure is now reasonably well established, but many other 

phenomena have been uncovered by analysis of these records.

28. A new technique has been discovered for the measurement of exceedingly 

low electron densities by making use of the beat frequency between two plasma 

resonances excited by the sounder transmitter. The technique has made 

possible the accurate measurement of the lowest electron densities encountered 

at Alouette heights, about 8 electrons per cubic centimeter. This Alouette 

technique is now being used to calibrate measurements and enhance the accuracy 

of other research involving the study of low electron densities.
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29. Guidance of high-frequency (HF) radio waves by the earth’s magnetic 

field along ionization "ducts" has been dramatically demonstrated by some of 

the Alouette records. These show that the radio waves may follow the magnetic 

field lines for some 10,000 kilometers, reverse direction at high latitudes in 

the northern and southern hemispheres, and make as many as four "hops" across 

the equator.

30. Several important plasma effects were first observed by the Alouette 

satellites. (Ionized gases, such as the ionosphere, are often called "plasmas" 

to indicate their peculiar properties). The observation of plasma resonances 

at harmonics of the gyrofrequency has permitted a direct check of existing 

theories of the strength of the earth's magnetic field at great heights.

31. Another newly observed plasma phenomenon has been called "remote 

resonance", because the resonance effect occurs at a considerable distance 

from the satellite. Discovery of this resonance has stimulated laboratory 

research into a new aspect of the nature of plasmas. One of the most useful 

consequences of the observation of these plasma effects has been the uncovering 

of a band of very low frequency (VLF) radio noise from which a great deal has 

been deduced about the composition and temperature of the upper atmosphere.

For example, atomic oxygen is the most abundant ion at 1000 km over the polar 

regions, whereas hydrogen is the predominant ion near the equator. It has 
been found that the temperature of the plasma is about 1300°C in the polar 

region, at 1000 km above the earth.

32. The radio noise experiments on Alouette made the first comprehensive 

measurements of extra-terrestrial (i.e. "cosmic") radio noise levels for 

frequencies below five megacycles/sec., measurements which cannot be made on 

the ground due to the blanketing effect of the ionosphere. The noise levels 

were found to differ by almost an order of magnitude from a few previous 

values obtained in other ways. This experiment was also the first to measure, 

at these frequencies, bursts of radio wave energy that originated on the sun 

and has made possible the first deductions of properties of the solar corona 

at distances of 5-20 solar radii from the sun (still impossible to obtain 

from rocket-launched probes).
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33. The radio noise experiments have also provided new and significant data 

on radio noise levels generated terrestrially; i.e., noise originating in the 

ionosphere. The mechanisms whereby this noise — which may be very intense 

between 200 kilocycles and 1 megacycle/sec — is generated, are now being 

studied and are expected to improve knowledge of energetic processes in 

plasmas. Four distinctive bands of noise, corresponding to four different 

plasma generation processes, have been identified.

34. The success of this research program, depended of course, on the success 

of the satellite project. This was successful because:

(a) It was an extension into a new area of a technology in which the 

Defence Research Telecommunications Establishment had long experience.

(b) It was a highly imaginative program which appealed to the staff 

involved. Consequently the difficulties — and there were many — 

became challenges to be overcome.

(c) The initial project — Alouette I — was controlled all the way from the 

basic research to the final engineering development and operational 

control, by the one organization, Defence Research Telecommunications 

Establishment. The importance of this cannot be stressed too highly.

(d) The staff on both research and engineering aspects were highly 

competent.

(e) Responsibilities were clearly assigned, internal communications were 

good, problems were identified, alternatives discussed and timely 

decisions agreed.

35. Hypersonic Physics — This is the age of high speed flight. Military 

aircraft which fly at several times the speed of sound are now considered 

conventional and supersonic commercial transports are now under design or 

construction. Satellites and space probes re-enter the earth's atmosphere at 

hypersonic velocities of the order of 18,000 miles per hour as will 

intercontinental ballistic missiles if ever used. New defensive missiles must 

fly in the atmosphere at hypersonic speeds.
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36. Meteorites, as is well known, tend to burn up during their flight 

through the earth's atmosphere, converting their vast energy of motion into 

heat and ionization in a long luminous trail. Reentry warheads will behave 

similarly and some aspects of research against ballistic missiles are aimed at 

determining if their trails can be used to detect and locate them. Canadian 

Armament Research and Development Establishment (CARDE) has developed and

now operates one of the best equipped reentry simulation laboratories in the 

western world for basic research on the characteristics of missile trails or

37. High altitude is simulated by a pressure vessel or range which can be 

evacuated to as low a pressure as required. Range 5 at CARDE is 10 ft. in 

diameter and 400 ft. long. Into these ranges are projected models fired by 

"gas guns", which achieve very high velocities, the development of which was 

a pioneering effort in CARDE. For instance, a 4 inch bore gun launches a 

2.7 lb projectile at velocities up to 16,500 feet per second. Others give 

velocities up to 25,000 feet per second. The combination of gun and pressure 

vessel is called a hypersonic range.

38. The projectile flies down along the axis of the tank and the measuring 

equipment can be located along the tank either on the inside or the outside. 

Observations can thus be made very close to the body in flight and although 

the models are considerably scaled-down in size, the proximity of the 

measuring instrument more than compensates for this. For combinations of 

velocity and air pressure in the tank, simulation of conditions at any point 

of an actual reentry trajectory can be achieved.

39. All this results in the emission of light, and analysis of this light,
\

which requires very elaborate instrumentation gives a faithful representation 

of the processes occurring around the model. The processes going on in the 

shock front also result in radiations in the radio-frequency range, so that 

radio and radar measurements are also made (CARDE was again a pioneer here). 

These analyses are all made in relation to the position and time of flight of 

the model. This research contributes much to understanding what happens 

ahead of an object re-entering the atmosphere.
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40. In 1965, interest shifted to what happens behind the object — that is, 

the wake, which is the part which is most likely to be detected by radar. 

Response to radar depends on how long the free electrons in the wake will last, 

and this cannot be assessed until the flow of air into the wake, and the 

subsequent behaviour of the wake is undérstood.

41. The hypersonic ballistic range is perhaps the best facility for 

investigations of the wake behind projectiles in free-flight, since it allows 

the wake to be examined from close to the model to very far behind it. To 

get good measurements, large projectiles must be launched. The ability to use 

2.7 inch diameter projectiles has been a crucial element in the success of the 

wake experiments undertaken by CARDE.

42. Again, very elaborate instrumentation was developed to measure (a) the 

wake velocity (b) the mass density across the wake (c) temperatures (d) 

electron densities. The results obtained are of great interest in the 

acquisition by radars of incoming ballistic missiles. There has until now 

been no effort of comparable importance and breadth on hypersonic wake research 

at any single US establishment.

43. This program is considered by experts in the United States as being 

successful and yielding original and needed results. In assessing why this is 

so, a few factors immediately appear as having been of great importance. 

Firstly, CARDE started work very soon after the problems appeared. Canada had 

few people with training in Aerophysics at that time and the research group in 

CARDE was formed with scientists from numerous disciplines (nuclear physics, 

physical chemistry, aerodynamics, etc.). Why then could such an effort be 

successful? The answer appears to be because, having entered early in the 

field, the morale was good and the activity was at its peak most of the time. 

There was no impression of simply following behind the work done in US 

Establishments or Industry. In some aspects CARDE was leading and could 

manage to maintain a lead. This was only possible because:

(a) The program has been of long enough duration to allow time for

unspecialized scientists to become experts. This takes about 3 years.

29099—17
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(b) The support given to the program has been adequate especially with the 

additional funding received from the US without however being at a 

markedly different level from what Canada can in general deploy for 

research programs.

EXAMPLES IN THE CATEGORY OF APPLIED RESEARCH
44. Hydrofoil Craft for Maritime Defence - The hydrofoil principle offers 

one of the few potential answers to the problem of increasing the speed of 

surface ships in rough water. Coupled with a threat of submarine speeds 

exceeding those of conventional surface ships, this was the reason behind 

DRB's hydrofoil research program. Between 1952 and 1958 experiments were 

conducted with small hydrofoil craft to confirm this promise and to determine 

the factors involved in designing hydrofoil systems for optimum seakeeping 

relative to craft size.

45. By 1958, a good general understanding had been gained and a more 

specific objective was needed to concentrate the effort if the project was to 

proceed towards development. Defence Research Establishment Atlantic (DREA) 

formed a special study team of two scientists and two naval officers to answer 

the question: "Have hydrofoil craft important defence applications? If so, 

what are they and what characteristics would be required?" Concurrently, the 

Hydrofoil Group set out to determine what craft characteristics would be 

technically attainable, assuming a five-year development program.

46. The basic concept which evolved from these studies was to use the 

stabilizing principle of hydrofoils to produce the smallest possible ship 

capable of operating a conventional destroyer-escort sonar in the open ocean. 

Earlier experiments had suggested that the seakeeping ability of a hydrofoil 

craft in the hullborne condition could be equivalent to that of a conventional 

ship ten times its displacement. This would mean from 3 to 6 times as many 

sonars at sea for the same cost, the exact figure depending on the logistic 

support required. So small a craft would have a maximum hull speed of about 

15 knots, which is a good search speed, and interception would be carried out 

when foilborne, at 50 knots in sea states (SS) up to SS 5. Thus the
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anti-submarine hydrofoil concept combined attributes of the destroyer-escort 

and its helicopter and promised significantly more cost-effectiveness in ASW 

than any other vehicle.

47. DREA carried out a sketch design concept in sufficient detail to 

determine the size of craft, power plant, hydrofoil configuration and general 

hull design required to meet the hypothetical operational requirements to 

confirm the feasibility of developing such a craft and to estimate its 

performance. A tripartite (US, UK, Canada) meeting of experts was 

convened early in 1960 to review these studies critically, and it was 

concluded that the concept was sufficiently promising to justify a detailed 

engineering design study by industry.

48. This study was conducted by the DeHavilland Aircraft of Canada Limited 

working from the DREA concept and with DREA providing part-time advisers. In 

June 1961, having carried out a comprehensive engineering analysis, DeHavilland 

concluded that the hydrofoil craft design conceived by DREA and developed by 

them was feasible.

49. A second phase of studies by DeHavilland then commenced, centred around 

programs of model experiments to obtain the design data required for the craft. 

DREA converted its 3-ton "Rx" hydrofoil research craft to carry a k-scale 

model of the hydrofoil system proposed for the 200-ton ship, and worked 

closely with DeHavilland in developing this design. Specifically, the Rx 

craft was able to operate in rough water and carry out turning manoeuvers 

which are not possible with the conventional type of model test facilities.

50. In 1963, the RCN contracted with DeHavilland for the design and 

construction of a full-scale prototype ship. A DRB officer served as deputy 

to the RCN program manager during the design phase, calling on technical 

expertise from DREA as required. Model tests continued with the Rx craft to 

refine the final hydrofoil system design and to confirm the validity of 

DeHavilland* s analog simulation of dynamic behaviour.

29099—17 à
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51. Throughout this close liaison wi tli Del lav i 1 land , an unofficial but 

extremely important role of DREA was to inject the marine experience into the 

thinking of aeronautical engineers and to help interpret KCN requirements at 

the working level of the designers.

52. Now that the full scale prototype has arrived in Halifax, DRKA is 

participating in the trials program. DREA, Dellavilland and Canadian Forces 

personnel are combined in an evaluation team with DREA responsible for 

checking performance against design predictions and gathering data of 

significance to the design of future hydrofoil ships. DREA is concerned with 

evaluating the hydrofoil principle, rather than the performance of specific 

components of the ship.

53. In this regard, the DREA program is unofficially but closely linked with 

the USN hydrofoil program, which is pursuing the same objective with hydrofoil 

systems of a radically different type. The complementary nature of the USN 

and Canadian programs is not accidental, this liaison having been agreed at 

the Tripartite meeting in 1960. Together, the two USN research ships and the 

Canadian 200-ton ship cover the spectrum of promising hydrofoil configurations,

54. An Improved System for the Assessment of Submarine Contacts and Tracks - 
There are many means by which the operations centre at Maritime Command may 

learn of the presence and movement of submarines. Unfortunately all of these 

means are fallible. During an anti-submarine exercise, the centre receives

a large volume of information, much of which is inaccurate and some of which 

is completely misleading. In wartime it would almost certainly be worse.

55. In past exercises, too much information has been passed too quickly for 

proper appraisal. The Commander has been swamped by dozens of reports, many 

of doubtful validity, but all requiring sifting and study to try to build up 

a coherent picture of the tracks being followed by submarines which may be 

attempting to penetrate into or through the area of ocean for which the 

Commander is responsible.
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56. If some means could be found to assess quickly the validity of the many 

contacts, it would help the hard-pressed Commander to place his limited force 

of ships and aircraft in the areas most likely to permit them to contact and 

attack the submarines.

57. In an operational research study the Defence Research Analysis 

Establishment (DRAE) found that contact information could be rapidly recorded 

on punched cards which could then be sorted in different ways to provide a 

quick reference and review technique.

58. By using the results of analyses of previous exercises a means was 

found to assign a "validity index" to different types of contacts. For 

example, a visual sighting by an aircraft crew is much more likely to be a 

bona fide contact on an enemy submarine than a disappearing radar contact. 

Ship's sonars frequently make contacts which appear to be real but turn out 

later to be "non-submarine". The problem was to find a reliable measure for 

how much more credence should be given to one type of contact than to 

another. The answer was found in a careful analysis of previous exercises 

from which a "validity index" was obtained.

59. The same type of analysis was applied to assessing the likelihood that 

a series of contacts might be linked together to form a submarine track. 

Because of the large number of possible tracks which could arise from a set 

of contacts, this was a difficult task but a method was found for 

systematically examining the contacts, eliminating impossible linkages and 

finding those tracks which might be valid. These possible tracks could then 

be studied by the Commander, using his judgment and knowledge of the 

situation to arrive at his estimate of which ones were most likely to be the 

tracks of real submarines.

60. Even when the information on contacts and tracks and its probable 

validity had been found, it was difficult for the Commander to visualize 

what it might mean. Operational research provided assistance here by 

developing a technique for using transparent chart overlays on which
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information could be plotted in a convenient form. By assembling overlays in 

various ways, it became easy for the Commander to see what had happened over 

a period of time and to make a decision on what to do next.

61. Another problem which had been troublesome in the past was to maintain 

records in the course of the action which would allow the Commander to review 

every event up to a particular time along with the current conclusions on the 

movement and intentions of the submarines. This problem arises every time 

there is a handover from one Commander to the next. (A "change of watch").

It was solved by developing a procedure which made use of the data cards and 

chart overlays for quickly recording events and current assessments.

62. The new methods derived from the operational research studies were 

combined into a system which could be applied by an officer designated as the 

"Detection Assessment and Threat Appreciation Officer". The system found 

immediate application at the Maritime Command Headquarters in Halifax and has 

since been applied with appropriate modifications in several US Navy Operational 

Control centres. Whenever the system has been applied it has resulted in a 

significant improvement in the ability of forces to detect penetrations by 

submarines in exercises. By extension it is anticipated that the same 

improvement would be achieved in actual operations.

63. This example is illustrative of operational research. The improvements 

were made in methods and procedures, rather than by design of weapons or new 

equipment. The means were very simple — use of punched cards and transparent 

overlays. However, it was necessary to accumulate a great deal of data, to 

perform extensive statistical analysis, and to perfect the procedures by 

continued trials.

64. Nickel Cadmium Battery Systems - Applied research at the Defence Chemical, 
Biological and Radiation Establishment (DCBRE) has led to the development of 

batteries of exceptional performance for aircraft and satellite applications.

65. Early in 1950, it became evident that existing familiar battery systems 

were inadequate for military operations in the Canadian environments. The
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nickel cadmium battery because of its reported ruggedness, capability for high 

rate of charge and discharge, and low temperature performance seemed a good 

candidate for a battery to replace those then used. Basic research studies 

culminated by the end of the 1950's in new methods of production of electrodes 

and a good basic understanding of the fundamentals. A number of field trials 

in army over-snow vehicles and fighter aircraft demonstrated the compatibility 

of the Ni-Cd battery in the Canadian environment and in military equipments.

66. By the 1960's, the research emphasis was directed towards improving the 

vented version of the battery to meet the requirements of new high performance 

aircraft. Towards this end a series of studies directed at determining the 

effects of various impurities, carbonate, nitrate and other foreign ions, 

were carried out. The results of these studies are consolidated in the 

Canadian Military nickel cadmium battery specification CF B70 which is 

considered by many to be one of the most stringent battery specifications.

67. By 1962, the government approval of DRB's proposal to launch a Canadian 

satellite (Alouette I) caused DCBRE to concentrate more effort on the sealed 

version. The problem was to obtain cells that were capable of long life

(at least one year) in a hostile environment such as outer space. Every 

detail of production of components and finished battery had to be examined.

In addition, methods of testing to screen out potential weak cells had to be 

devised. Application of the basic information obtained in the studies on 

carbonate contamination, impurity ion and methods of charging resulted in 

cells for Alouette I and later Alouette II which proved to be as rugged and 

reliable as hoped for. At the present time Alouette I is entering its 7th year 

of operation and Alouette II its 4th year. It should be noted that most of the 

work involved was consultative and consisted of translating basic knowledge 

gained in previous studies into a form understood by production personnel.

68. One of the benefits resulting from the Alouette I problem was the 

invention and subsequent development of the cadmium hydroxide coulometer as a 

charge control device. This is essentially a chemical ampere hour meter which 

gives a voltage signal when the charge removed during discharge has been made 

up by charging. Studies on this device have resulted in. the development of a
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number of unique battery power supplies and charger controllers that are 

beginning to be accepted by the military and civilian user. The coulometer 

and charger designs have been licensed to a wholly owned Canadian company for 

exploitation.

69. The success of this applied work is due to the research on fundamentals 

carried out at DCBRK, for there was virtually no research and development 

capacity on batteries anywhere in Canadian industry. Of course, this in turn 

was due to the quality of the staff involved, and their close ties with the 

military user.

70. Hearing Conservation in the Canadian Armed Forces — with the development 
of more powerful engines, high intensity noise has become a major problem in 

both military and civilian operations. In the military environment, noise 

lev.els from 85 to 120 dB are common (Home (children asleep) is 40 dB —

Private office is 55 dB — Noisy restaurant is 75 dB). Indeed, many personnel 

are exposed to levels that exceed 140 dB. Exposure may vary from a few 

seconds to several hours per day, and if beyond safe limits will lead to 

impairment of hearing.

71. The type and amount of hearing loss suffered by individuals exposed to 

high intensity noise depends upon their susceptibility to noise, the overall 

level and nature of the noise, and the number of hazardous exposures and 

length of time between exposures. Hearing may be damaged if, for example, 

personnel are exposed to 85 dB for more than four hours each day. The 

development of hearing loss is gradual, so that the individual is unaware of 

his condition until it becomes a handicap.

72. The possible effects of exposure to high-intensity noise include, in 

addition to temporary or permanent losses of hearing, disruption of voice 

communication, changes in behaviour and in the performance of skilled and 

unskilled tasks, and mechanical or pathological damage to the body. Such 

effects may compel changes in operational procedures or may preclude the 

successful completion of an assignment. Since so many CF personnel are
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exposed to relatively high noise levels, a general noise survey and hearing 

conservation program was initiated by the Surgeon General's Office in 

collaboration with Defence Research Establishment Toronto (DRET).

73. To obtain the data necessary for the establishment of a proper solution 

to the problem, an extensive survey of noise levels was carried out by DRET, 

using conventional sound measurement techniques. Nearly every type of aircraft 

and helicopter flown by Canadian Armed Forces personnel was included in this 

survey, as well as shipboard, vehicle and other work-spaces in which noise

was a potential hazard. In 1957, the Hearing Conservation Program for the 

Canadian Armed Forces was introduced, based upon recommendations put forward 

by DRET. The Program required (1) the designation of potentially noise- 

hazardous areas (wherever the overall sound levels of the noise exceeded 85 dB) , 

(2) adherence to criteria for the conservation of hearing of individuals 

working in such areas, (3) the administration of hearing tests, by qualified 

personnel with calibrated instruments in proper sound environments, to all 

Canadian Forces personnel at time of enlistment and discharge, and at regular 

intervals between for all individuals routinely exposed to high-intensity 

noise, (4) the use of efficient ear protector devices, and (5) an education 

program to make those individuals exposed to high-intensity noise aware of the 

risks accompanying such exposures and of the procedures and protective equipment 

by which these risks can be eliminated.

74. In support of the Hearing Conservation Program, DRET has over a number 

of years continued to provide information on hearing protection devices, give 

technical advice to and train Armed Forces personnel in noise measurement 

techniques and abatement procedures, and present lectures on hearing, noise 

and hearing conservation to Medical Surgeons and Flight Safety Officers in 

courses conducted by the Institute of Aviation Medicine.

75. The success of the Armed Forces Hearing Conservation Program has 

depended on the practicability of the procedures, the enthusiasm of the 

supervisors, the information given to the personnel involved, and the degree 

of cooperation between the officers charged with program implementation.

Though considerable progress has been made, there remains opportunity for more 

widespread utilization of the Hearing Conservation Program.
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76. Response? of Structures to Shock and Blast — The gone?» I a of the program 
on shock and blast at Defence Research Ms tab 1 i shmen L Stiff lcd (DR US) has been 
explained in the section under Basic Research dealing with the formation of 

craters. Tn the earlier part of this program, there had to he a good deal of 

Canadian self education, and Canadian effort was devoted to studying the 

fundamental phenomena of explosions, making sure that what was measured was 

significant, and to cross-calibrating Canadian instrumentation with British 

and American instrumentation. During this period, however, the UR and UK were 

both making "target response" measurements at Canadian explosions, and while 

Canada had expected that 100 ton explosions would he as large as necessary, it 

was at the urging of the other two countries that this was extended to 500 tons, 

and explosions of this size were detonated in 1964 and 1968.

77. Having mastered the art of measuring what was required to be measured,

DRES recruited engineers for the study of the response of structures to blast, 

care being taken to integrate as well as possible studies of direct interest 

to the Canadian Forces, with fundamental studies which would be of more 

general and long term application. Thus while projects have studied the effect 

of shock and blast on the large windows on the bridges of naval ships, the 

particular blast intensity which will trigger anti-personnel mines, the effect 

of shock and blast on ammunition radiation measuring instruments and radars, 

the response of fibre glass hatch covers for underground shelters and the 

structural response of steel framed buildings, the following more fundamental 

projects also received attention.

78. Examples of these studies arc :

(a) Vibrational response of bent structures (such as lattice girder masts) 

up to and including the onset of plastic deformation including the 

study of the vibration of typical lattice masts (Navy Masts) under 

blast loading.

(b) Vibration of constrained polygonal plates.

(c) Forced response of constrained stiffened plates.
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(d) The study of nailed laminate and glued laminate panels, and structures 

such as bunkers based upon these panels. Extension of this study to 

panels other than flat panels (e.g. hyperbolic paraboloids). Bunkers 

designed as glued laminate systems are now in use at DRES.

(e) Response into the plastic deformation regime of simply supported steel 

beams.

79. In addition to the explosives in the field, DRES has, since the earliest 

part of the program built up facilities for simulating blast in shock tubes and 

other blast simulators. The largest of these now has a diameter of 6 feet. 

Blast loading data can be obtained economically in the simulators and finally 

confirmed in the field experiments, this gives the effects of movement of the 

equipment by blast which the simulators cannot. This balanced capability 

enabled DRES to make a considerable contribution in helping the Canadian Forces 

in Operation SAILOR HAT.

80. Operation SAILOR HAT was a series of multi-ton high explosive trials 

carried out by the US Defense Department and the US Navy to study the effects 

of underwater shock and air blast loading on ships. In 1964 the Royal 

Canadian Navy and the Defence Research Board were invited to participate in two 

of these trials. The main Canadian objectives were to measure the blast 

loading on various parts of the ship's superstructure, to measure the response 

of several regions of the ship's structure and to measure the entry of the 

blast wave into the interior of the ship.

81. The Canadian ship exposed was HMCS Fraser. Prior to the actual trials a 

series of 200th scale models were made of various cross sections through 

Fraser and the shock interactions with these models were studied in the DRES 

shock tubes. The results of these tests were used to predict the response of 

various parts of the ship's structure and determine the location of the gauges 

used on the trial.

82. Operation SAILOR HAT proved to be a most successful undertaking. Good 

correlation was obtained between the predicted and the observed values of the
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blast loading and subsequent( sirurlura1 response. This trial also served to 

point up a number of problem areas that should be. invest igated.

83. Scaled models have been used to obtain similar blast loading data for 

the new D01I 280 ships. These studies have had a considerable effect on the 

design of the superstructure. The success of the SAILOR HAT trial and the 

results of the engineering studies of Canadian Forces equipment led to the 

initiation of a program whose objectives arc:

(a) To provide blast design information which can be applied to DDH 280 and 

to a lesser extent, to existing ships.

(b) To assess the blast hardness of DDH 280 and existing ships in order 

that the operational authorities can be advised of the blast 

characteristics of the various classes in the fleet.

(c) To advance the state-of-the-art in order that future generations of 

ships will more nearly meet operational requirements and that design 

criteria will lie more readily available to ship designers.

84. Some of the factors responsible for the success of the shock and blast 

program have been described in Basic Research — Formation of Craters. In the 

present context, the coordination of effort through the Technical Co-operation 

Program should be stressed, and the joint financing of cooperative programs

by the participating countries.

EXAMPLES IN THE CATEGORY OF "PRELIMINARY DEVELOPMENT"
85. Rocket Propulsion — The rocket propulsion program at Canadian Armament 

Research and Development Kstablishment (CARDK) was started in 1956 with the 

initial aim of building up a group of experts who could assist in weapon 

studies with the Armed Services and also to provide a limited production 

facility for rocket motors in Canada. It was anticipated that early small 

scale requirements for Canadian produced rockets could be met economically in 

this manner. Large scale production, if required, would be carried out by 

industry.
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86. In order to meet a Service requirement for immediate firing readiness, 

solid propellant motors were chosen for study. Although simple enough in 

principle the solid propellant rocket motor is, in practice, a highly complex 

device. Extremely severe penalties are paid, in terms of vehicle performance, 

for quite minor changes in the energy stored per unit weight of the propellant 

and per unit volume of the motor. The production of thrust can be made to vary 

as the propellant is consumed so as to satisfy the requirements of the 

aerodynamicist. This constraint has a profound influence on the internal 

design of the motor and on the required rate of burning of the propellant.

87. The rocket motor must be as light as possible and yet withstand high 

pressures, extremely severe transfer of heat from gases at temperatures 

exceeding 5000°F, and the forces arising from the acceleration of the flight 

vehicle. Moreover, in modern practice the solid propellant is firmly bonded 

to the casing structure, consequently any change in ambient temperature 

produces mechanical forces owing to thermal contraction or expansion; careful 

design and superior elastic properties are necessary to avoid failure from 

this cause alone.

88. The need for serviceability in the low temperatures experienced in the 

Canadian Northland dictated the physical characteristics of suitable propellants. 

Consequently attention was focussed on propellants based on a solid crystalline 

oxidizer suspended in a matrix of synthetic rubber called the binder. The 

rubbery binder burns fiercely in the presence of the oxygen liberated by the 

oxidizer. An improvement in delivered energy per pound of propellant was 

realized by incorporating dispersed powdered aluminum as additional fuel.

89. Studies at the Canadian Armament Research and Development Establishment 

led to the successful development of binders having elastic properties superior 

to those then in service use. The vital ingredient was a high molecular 

weight synthetic component (triol) pioneered in Canada. A propellant pilot 

plant having many advanced features was designed and construction begun at

CARDE.
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90. In the interests of savin}» time, suitable off-the-shelf motor casings,

17 inches in diameter and 17 feet long, were purchased from the Bristol 

Aircraft Company in 195(>. Using these casings, a motor containing approximately 

one ton of propellant was designed. In the spring of 1957 Bristol Aero- 

Industries of Winnipeg was awarded a contract to build a propulsion test 

vehicle around this motor. This vehicle was eventually designated the Black 

Brant I, the first of the very successful series of high altitude sounding 

vehicles developed in the subsequent Black Brant program. The propellant 

formulation was finalized in October 1958, the first Black Brant engine was 

fired statically in February 1959, and in September 1959, the first four

Black Brant I vehicles were flight tested successfully at the Fort Churchill 

Rocket Firing Range. With a 254 pound nose cone the vehicle reached an 

altitude of 72 miles and impacted at a range of 145 miles.

91. The success of the propulsion test vehicle led to the design of an 

improved vehicle, the Black Brant IIA. This vehicle was developed by CARDE in 

conjunction with Canadair Ltd., of Montreal and can deliver 150 lb to an 

altitude of 125 miles.

92. The fast-paced program carried out at CARDE between 1956 and 1960 led 

Bristol Aero-Industries Ltd. to propose the development of an extended series 

of high altitude sounding vehicles. The joint government-industrial programs 

which followed resulted in the commercial production of the Black Brant Series 

BBIIA, BBIII, BBIV, AND BBV. Black Brant III is a 10-inch diameter vehicle 

capable of carrying 40 lb to 110 miles or better; the Black Brant IV, a 

two-stage vehicle employing the BBIA as its first stage and the BBIII as its 

upper stage delivers 40 lb to 600 miles ; the BBV uses a 17-inch motor with 

improved performance.

93. During the course of these programs the Propulsion Division at CARDE 

and its industrial counterpart, now known after several corporate changes as 

Bristol Aerospace Limited (BAL), developed close cooperation. Tasks were 

assigned in accordance with local capabilities and adjusted as BAL's facilities 

were augmented. DRB technology with respect to propellant manufacture was 

incorporated in the design of the BAL plant. The design and preliminary
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testing of all motors except that of Black Brant V was carried out at CARDE. 

Black Brant V was developed at Winnipeg in conjunction with Aerojet General 

Corp. of the USA. A number of static firings of BBV were carried out at CARDE 

to provide an independent assessment of the motor's performance.

94. By mid-1963, CARDE had completed the major portion of its participation 

in the Black Brant program. The Propulsion Division then began basic studies 

to upgrade existing technology. New propellants having higher specific 

energies and improved physical properties were developed. CARDE discovered 

the destructive phenomenon known as combustion instability was caused by a 

shock wave, such as is associated with supersonic aircraft, which travels 

longitudinally inside such motors. Shock waves cause severe disruption of gas 

flow patterns, rapid fluctuations in the thrust level, excessive pressure and 

vibration levels and destructively increased rates of heat transfer. Early 

CARDE knowledge in this area had been applied to the design and testing of the 

later Black Brant motors. The new data led to widespread recognition of CARDE 

as an authority in this field and proved to be invaluable in the Meteorological 

Rocket Program which followed.

95. This program involves the development of two rocket vehicles to be used 

for obtaining meteorological data at altitudes of 30 km and 70 km respectively. 

Vehicle costs are of prime importance, the targets being $75 and $350 

respectively (less payloads) when mass produced. Moreover, the required 

characteristics demand the use of high performance rocket motors having 

propellants with excellent physical properties over a wide temperature range.

96. In April 1965, this program was nominated as a US-Canadian Defence 

Development Program; Canada accepted the nomination in June 1965. Approval 

for the participation of CARDE was granted in July 1965. Preliminary studies 

then began at CARDE while negotiations continued on the Shared Development 

Program. Contractual support was provided to CARDE beginning in February 1966. 

Within Canada the program is sponsored by the Department of Industry, the 

industrial contractor being Bristol Aerospace Limited. On the part of the 

United States, the US Army Missile Command (USAMICOM) is the responsible

agency.
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97. CARDE participation in the program includes motor design and 

development as we]] as ancillary studies on the behavior of propellant and of 

motors while combustion is taking place. It was found necessary to change 

the type of synthetic rubber used in the propellant to one having improved 

elastic properties. Information provided by the US led to extensive studies 

on the chemistry and the processing of these new polybutàdiene materials. 

Detailed studies were also required to evaluate the ballistic performance of 

a variety of propellants based on the new binder material.

98. Static firings in the development phase of the lower range rocket 

consisted of an evaluation series of 68 heavy-walled motors at CARDE, a 

transition series of 20 motors with interim flight casings at Bristol Aerospace 

Limited and 40 motors with flight casings at BAL. CARDE1s participation in 

this phase has now been completed and work is well advanced on the motor of

the high range rocket. The designs of the two vehicles are similar and as 

much information as possible from the one has been used in the other. The 

main portion of CARDE's contribution will be completed by 1 November 1968.

99. In summary, the roles of CARDE and BAL are complementary in Canadian 

rocket propulsion development. At CARDE there exists a well demonstrated 

capability in the development of new binders for propellants, the transferrai 

of laboratory studies to plant scale operation involving up to 3000 lb of 

propellant, the evaluation of the combustion characteristics of propellants, 

the complete design of rocket motors, the development of all components except 

flight-weight casings, and the static testing of rocket motors. This 

capability is continuously up-dated by studies in polymer chemistry, analytical 

techniques, chemical engineering, the internal ballistics of rocket motors and 

fundamental combustion processes.

100. At BAL the emphasis is placed on final flight-weight development, 

vehicle dynamics, production techniques, vehicle launch and instrumentation, 

and the testing of motors in their final configuration. The degree of overlap 

which exists is necessary to both organizations in order to achieve flexibility 

in programs and to provide valid comparisons of technical evaluations carried

out at each establishment.
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101. Human Engineering Studies in Ship Bridge Design - in 1961, when a new 
general purpose frigate was contemplated by the Royal Canadian Navy and 

preliminary design work commenced, the Director-General, RCN ship design, 

asked the Defence Research Establishment Toronto (DRET) to provide human 

engineering design assistance in three main areas. These were the bridge, 

the operations room and the machinery control room. While the assistance 

requested in all three areas.was given, the following statements relate 

particularly to bridge design.

102. Ship control is perhaps the key function of a bridge. In conventional 

ships it is dependent on the relaying of voice orders from the bridge to the 

engine room or to the wheelhouse situated below decks. This method is 

unsatisfactory, since it inherently involves delay and risk of communication 

error. In the preliminary phase, extensive discussions with RCN personnel 

took place, as a result of which the DRET human engineering group proposed a 

bridge design that gave the captain or officer conning the ship direct control 

of engines and helm. In this design, all control, navigation and communicaiions 

functions essential for the operation of the ship were recognized. In routine 

situations, operation of the controls by a quartermaster was arranged.

103. The clutter of communications equipment, displays and aids to 

navigation that protrude from the bulkheads and deck head of the conventional 

bridge was eliminated in the new design. The bridge equipment was, instead, 

so arranged that each of the personnel assigned to the bridge could be seated 

at a console that contained the equipment with which he was concerned. In 

order to demonstrate this approach to the Navy} an economical full-scale 

mock-up of the bridge was constructed at DRET. In addition to its value in 

demonstrating the application of human engineering principles, the mock-up 

had advantages as a practical research tool, since the merits of different 

arrangements of equipment and personnel could be explored. Thus, all bridge 

personnel were seated in the final design, which was accepted by the RCN for 

the frigate.

104. The USN Marine Engineering Laboratories at Annapolis, Maryland, became 

extremely interested in the DRET design, and requested that a similar

29099—18
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full-scale mock-up be designed for them at Annapolis. This was done by a 

member of the DRET staff. Other Navies and civilian shipping companies also 

showed interest in the concept embodied in the DRET design.

105. Although the RCN frigate program was cancelled, DRB and the RCN 

sponsored a sea trial in which the actual effectiveness of direct control from 

the bridge was assessed. A modern destroyer, HMCS Saskatchewan was equipped 

with a small temporary bridge in which both a conventional voice ordered 

system and a direct control system were installed. Six experienced destroyer 

captains performed measured manoeuvring tasks about a moving frigate, using 

both direct and voice-ordered control systems, during trails at sea supervised 

by DRET observers.

106. The analysis of the performance measurements obtained showed that 

manoeuvring was, generally speaking, better with the direct control system. 

Moreover, each test captain expressed preference for the direct system and 

was ready to use it in the trials after only two or three hours' practice.

The potential reduction in training problems was obvious. A responsible 

officer in the destroyer estimated that up to 21 men could be eliminated from 

a ship's company by the installation of a direct control system, representing 

a long-term saving of massive proportions if the system were introduced in 

new ships and retrofitted to old.

107. As DRET interest in ship's bridge design became known, the Canadian 

Coast Guard requested similar assistance in the design of several vessels and 

in the evaluation of a hovercraft for rescue roles. Aboard a Coast Guard 

icebreaker, a field trial was conducted to investigate the possible advantages 

of closed-circuit television to enable bridge personnel to view areas around 

the ship that were otherwise blind to them, a problem particularly acute in 

helicopter-carrying destroyers on which the flight deck is invisible from

the bridge. This, and a later study aboard a destroyer, demonstrated that 

the position of the helicopter, the variable depth sonar and the stern of the 

vessel, could all be made visible to the captain.
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108. In all cases, the collaboration of the master and personnel of the 

ships involved has contributed significantly to the value of these operational 

studies.

109. Development of Radiation Survey Instruments — As explained elsewhere in 

the brief, the requirements for radiation instruments for use in a military 

environment are different from those used in civil nuclear energy projects.

In 1958, the Defence Chemical, Biological and Radiation Establishment (DCBRE) 

was called upon by the Canadian Army to examine the US portable radiation 

survey meter, having the military designation IM-108, with a view to its 

adoption by the Canadian Forces for measuring the hazard to troops in the 

event of nuclear war. This instrument was somewhat unusual in using a device 

called an "unsaturated ion chamber" as the detector of radiation.

110. An ion chamber is simply a box filled with a gas, usually air, and 

containing two electrodes with a voltage applied between them. Radiation 

separates some molecules of the gas into positive and negative ions. Usually 

the voltage on the chamber is made sufficiently high to attract the ions to 

the electrodes almost as soon as they are produced, causing an electric 

current to flow, which is directly proportional to the intensity of radiation. 

In this case the ion chamber is said to be "saturated" in the sense that 

increasing the voltage will not cause any significant increase in current.

On the other hand, it is possible to arrange the circuit so that the voltage 

decreases as the radiation intensity is increased, allowing some of the ions 

to recombine into molecules and not contribute to the current. Such an ion 

chamber is said to be "unsaturated". With an unsaturated ion chamber a 

moderate variation in current can represent a very large range of radiation 

intensities. For troops who are not necessarily skilled at reading 

instruments this is a great advantage, because it is not necessary to switch 

ranges so that operation is particularly simple.

111. The IM-108 was found to have a number of deficiencies in relation to 

military requirements, particularly with regard to cold-weather operation.

A program of applied research on the behaviour of unsaturated ion chambers 

and on the basic properties of ions in air was undertaken. Engineering

29099— m
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investigations were carried out on the characteristics of vacuum tubes used 

to measure small currents and on the behaviour of batteries and high-value 

resistors at extremes of temperature. An early result of this work was a 

redesign of the circuit of the IM-108 which enabled it to meet the military 

characteristics required by the Canadian Army. This instrument received the 

designation IM-108B. 4,285 were produced for the Canadian Forces and 10,200

for the Canada Emergency Measures Organization. In the last two years about 

19,000 of a version of this instrument, designated the IM-174A, have been 

produced in Canada for the US Army. The total value of both types was 

$2,500,000 approximately.

112. The program of applied research, which lasted about 5 years, stimulated 

the development of several other instruments, all based on the unsaturated 

ion chamber. Experimental models of a remote area monitor (that is, an 

instrument designed to have its detector located remotely from the meter and 

joined by a length of cable) and pocket-sized survey meters intended for use 

by downed aircrew were built. The remote monitor would operate with its 

detector at a distance of 1000 ft. as opposed to a distance of 100 ft. for 

the instrument then in service. A radiation-measuring instrument for use in 

helicopters and light aircraft was designed to satisfy a requirement of the 

Quadripartite Treaty countries for aerial radiation surveying. This instrument 

proved its superiority in competition with others submitted by the US and UK 

during tests at the Nevada Proving Grounds. It was selected for further 

development which has now been completed. The military designation is 

Radiation Detection Set, Airborne, AN/ADR-501. Twenty pre-production 

instruments have been manufactured to date for user trials. The Canadian 

Forces and the British Army have announced their intentions to purchase 

quantities of this instrument.

113. Most recently a three-detector remote monitor was built to a DCBRE 

design and instalfed at the Canadian Forces Base, North Bay. The detectors 

are unsaturated ion chambers, and in fact use components of the AN/ADR-501.

The equipment will operate with cable runs of 10,000 feet.
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114. The success of these projects was due in the first place to the 

decision to set up a Radiation Section in the Defence Chemical, Biological 

Radiation Establishment in 1954, a section which would concentrate on the 

military aspects of nuclear radiation, and which therefore could not only

more independently assess instruments appearing on the market, but redesign them 

as required. Secondly, very close collaboration with the Military users and 

the industrial firms capable of producing the instruments. Thirdly, the 

competence of the staff. The project is also greatly assisted by the fact 

that a section of the laboratory carries out research on electrical power 

sources for the Board, and was able to give immediate advice on the power 

sources necessary to meet military characteristics.

115. Development of Explosive Charges for Submarine Location — The 

development of a successful munitions item is frequently the outcome of basic 

and applied research. These related research fields include the chemistry of 

explosives and propellants, the physics of combustion, detonation, high 

pressure impact and ballistics, the physical properties of metals, alloys, 

plastics and ceramics and systems engineering and analysis. This research 

information is acquired partly through "in house" investigations and partly 

through information exchange with other countries, primarily the United States 

and Great Britain. It is the marriage of this basic knowledge with the 

sciences of design and engineering under the stimulus of new ideas and 

concepts that produces a new weapon or ammunition.

116. There is as yet no existing single system which by itself is fully 

effective for detecting and accurately locating submarines under all 

operational situations. One of the systems being used by the Canadian Armed 

Forces involves the use of explosive (bomb-like) charges. These, together 

with sonobuoys, are dropped from aircraft in suspect locations. The sound 

generated by the explosive charge is reflected from the submarine and 

detected by the sonobuoy listening device from which this echo is transmitted 

to the aircraft. By a sound ranging process with pairs of sonobuoys, the 

location of the submarine may be determined.

117. The original system of sonobuoys and explosive charges was developed 

by the USA, and was adopted by Canada in the 1950's. However, the explosive
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charges were expensive, unreliable and had certain performance limitations.

At about the same time the Naval Research Establishment (now Defence Research 

Establishment Atlantic) began basic studies on the propagation of sound 

underwater from explosives, with Canadian Armament Research and Development 

Establishment (CARDE) assistance. CARDE was asked informally by the Air Force 

to investigate whether improved "operational" underwater explosive charges for 

the generation of sound could be developed. The initial success of both the

CARDE and DREA work led to the development at CARDE of a family of explosive

charges.

118. The first of this family of charges was an omnidirectional charge,

incorporating nothing new in explosive sound technology, but based on improved 

"hardware" design and a new fuze concept. This charge has been in service

since 1963 and is being produced by industry at a rate of about 20,000 per year

to meet Canadian Armed Forces requirements. In addition, over 20,000 have 

been used by the United Kingdom and over 5,000 by Australia. Five hundred 

have gone to Germany for trials. Its greater reliability and reduced cost 

have resulted in a savings of several hundred thousand dollars to the Canadian 

Armed Forces.

119. It should be pointed out that at first no firm requirements or 

specifications existed for an improved charge and so it was necessary to make 

changes to the first design that would otherwise not have been required. 

However, the development work assisted in the formulation of detailed 

requirements which were both practical and economical.

120. The charge described above is used during the general location phase of 

anti-submarine operations. Before the attack phase can begin the submarine's 

precise course and speed must be known. Another device, with a training 

version was developed for this purpose. It is fairly complex mechanically 

since it must float near the sonobuoy and dispense several individual explosive- 

charges in succession at- preset intervals. It was developed by industry from

a CARDE concept and under CARDE guidance. Prcproduction samples are now 

being evaluated.
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121. Another development arose from the fact that, In some situations, 

particularly in shallow water, explosive signals can be reflected from the 

ocean bottom or other discontinuities in such a way as to mask the echo from 

a submarine. Research at DREA, with charges designed by GARDE showed that 

this masking could be drastically reduced by using, as the sound source, a 

vertical line of explosive instead of a short thick charge. It also 

established the useful range of explosive length and weight for such lines.

The major design problem to be overcome was to package a 7 ft. length of thin 

explosive line in a container section 3 inches in diameter and 10 inches long 

in such a way that the line would open and extend itself vertically when the 

charge assembly was dropped from the aircraft into the water. Several types 

of extensible explosive lines were conceived and investigated. One of these 

has since been adopted by US for a somewhat different application. The GARDE 

concept has been jointly designed and developed by industry and GARDE ana is 

being produced in preliminary quantities by Canadian industry.

122. Except for the DREA studies of underwater sound propagation from long 

thin lines of explosive no new science was involved in the development of 

this family of explosive charges. The success of the first charge mentioned 

is due mainly to the cheapness and reliability of the new type of underwater 

fuze that was conceived and developed for it. That is, successful development 

was mainly a matter of good ideas and sound engineering skills. The same 

holds true of the other members of this family of explosives which are just 

now entering production. It should be noted that the same basic fuze is used 

on all versions.

CONCLUDING REMARKS
123. Only four examples of preliminary development have been given but it 

should be noted that some of the best examples of successful preliminary 

development (and applied research) cannot be described because the information 

is classified. One should not therefore deduce, from the examples given, the 

extent to which any particular establishment of the Board is engaged in 

applied research and preliminary development of direct interest to the

Canadian Forces.
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FOREWORD

1. Within the Department of National Defence there are two main agencies 

that are concerned with aspects of scientific research and development falling 

within the order of reference of the Special Committee on Science Policy of the 

Senate of Canada. These are the Defence Research Board and the Chief of 

Technical Services Branch of the Canadian Armed Forces. Both these organizations 

are major parts of Canada's scientific and technological community, spending 

between them on research and development approximately $80 million annually

and employing approximately 700 civilian and 200 military professional 

engineers and scientists.

2. Because of the complexities of identifying the various aspects of R and 

D in these two large organizations, one primarily civilian and the other 

primarily military, this submission is presented in two parts :

Part I - Defence Research Board Activities;

Part II - Armed Forces Activities.

As will be found in the detailed presentation, these two agencies work closely 

together. The format required by the Senate Committee's "Guidelines for 

Submission of Briefs and Participation in Hearings — Specific guidance for 

agencies of the Federal Government", has been followed in both cases. Each part 

has its own Table of Contents, and Summary.

3. A few difficulties existed in providing some of the detailed information 

requested, partly because of changes accompanying unification of the Armed 

Forces and partly because scientific activities are not always isolated and 

recognizable but undertaken within a department whose primary concern is 

national defence. However, this brief is probably the most detailed and 

accurate unclassified assessment of scientific policies, organization, 

personnel, expenditures, projects and activities ever made for the Department 

of National Defence.

4. At the request of the Deputy Minister of National Defence, the Chairman 

of the Defence Research Board has undertaken to submit the brief with

assistance from the Chief of Technical Services.
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SUMMARY OF PART II

This Part of the Submission deals with the activities of the Armed 

Forces which are concerned with development, testing, evaluation and 

standardization and which generally fall within the responsibilities of the 

Technical Services Branch of the Canadian Forces.

The organization of these activities within the department and the 

machinery for ensuring adequate co-ordination and communication both within 

the department and with other agencies and departments are described. The 

nature and value of the diverse international agreements and arrangements are 

outlined.

The policies which govern the choice of development projects and the 

machinery used for project formulation and management are described. The 

importance of retaining a viable defence development activity is discussed. 

The broad policies governing the use of civilian engineers are stated.

Data are presented on the total costs of the various activities, on 

the nature of the various programs, on a few selected projects and on 

personnel.

The activities of the three elements of the organization dealing with 

testing and standardization are reviewed and detailed information provided.

The following main conclusions are drawn:

(a) The total level of defence development, test and evaluation in Canada 

amounts to less than 2% of the defence budget but about 10% of the 

equipment acquisition budget.

(b) Most of the activity does not involve exploitation of novel concepts.

(c) The organizational separation of research from development presents 

some difficulties but the interface must be viewed in relation to the 

other interfaces related to engineering, maintenance, supply and 

requirements definition.
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(d) The effective formulation of projects in the overall national interests 

presents some difficulties.

(e) In spite of the difficulty of selecting and supporting development 

projects, there are several reasons why it is important to do so.

(f) Most development projects will involve minor improvements and 

modifications to existing equipment or sub-systems.

(g) Co-operation with our allies in joint development projects is 

desirable.

(h) Most developments are conducted by industry on contract.

(j) Involvement in the international defence community provides an 

important means of access to extensive areas of new technology of 

great value in the non-defence field.

(k) Civilian personnel are used when it is most economical and does not 

prejudice the maintenance and support of the operational forces.

(m) New procedures for the initiation of equipment acquisition have been 

introduced with the aim of minimizing slippages and cost escalation.

(n) The test establishments and engineering standardization agencies 

perform a vitally important function in support of equipment 

acquisition regardless of the amount of development undertaken.

The following specific recommendations are made:

(l) In any consideration of inter-departmental or inter-agency 

reorganization, serious consideration should be given to the need to 

create a suitable climate and improved machinery for initiating and 

conducting development projects which can serve the overall national

interests.
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(2) In any consideration of reorganization, the vital importance of 

retaining military involvement and influence on military equipment 

projects should be recognized.

(3) The extensive machinery within the defence community for the 

international exchange of technological information should be 

recognized as being of vital importance to the overall national 

technological capability.
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PART II - ARMED FORCES ACTIVITIES

INTRODUCTION
1. This part of the Submission deals with those activities of the 

Department of National Defence of concern to the Committee for which the 

Canadian Armed Forces are responsible. Most of these activities relate to the 

acquisition of military equipment and consist mainly of development, 

engineering, test, evaluation and quality assurance.

2. The activity of main interest to the Committee concerns the development 

of new equipment and the modification and improvement of existing equipment. 

Shortly after the integration of the Armed Forces in 1964, the responsibility 

for the administration of this activity was transferred from the Defence 

Research Board to the Deputy Minister and the Armed Forces then had full 

responsibility for development. In fact, however, the division between 

research and development is quite diffuse and consequently the division of 

functions between DRB and the Armed Forces is also somewhat diffuse and 

frequently determined by the need to make the optimum use of the available 

skills and resources.

3. Certain difficulties exist in providing some of the detailed information 

because most of the activities of interest to the committee are not isolated 

in specific organizational entities but are undertaken within the organization 

whose primary responsibility is the acquisition of equipment. Some of the 

information on the cost of internal activities and on personnel is therefore 

unobtainable or of a very approximate nature.

4. There is a substantial amount of activity which falls in the category of 

testing and standardization. Much of this can be identified in specific units 

and is somewhat easier to report upon. Since it is mainly in direct support 

of equipment procurement it is perhaps of less specific interest to the 

Committee than the more scientific functions of research and development, and 

it has been treated in a more general way in a separate section of the

Submission.
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5. The final section of this part of the Submission contains the 

conclusions and recommendations related to the activities of the Armed Forces.

DEVELOPMENT ACTIVITIES
6. To facilitate a clear understanding of this section it is important that 

the term "development" should be defined adequately. In the context of defence, 

an agreed nomenclature has been established. Within the spectrum of research 

and development activity the terms Basic Research, Applied Research,

Preliminary Development, Engineering Development and Operational Systems 

Development have been defined. These definitions, along with a few others for 

relevant activities, are reproduced in Annex A. In general, DRB has a primary 

responsibility for Basic Research and Applied Research and the Armed Forces

for Engineering Development and Operational Systems Development. The Armed 

Forces are also responsible for Preliminary Development but the activity may 

often be undertaken by DRB.

Organization
7. Within the Department of National Defence, the Chief of Defence Staff 

(CDS), the Deputy Minister (DM) and the Chairman, Defence Research Board (CDRB) 

are responsible directly to the Minister (Figure 1). The CDS is responsible 

for formulating plans and policies to meet Canadian defence commitments, for

(implementing these plans and policies and for commanding and administering 

the Armed Forces.

8. The DM is responsible for reviewing the financial aspects of operational 

policy and for some aspects of personnel and administration. CDRB is 

responsible for providing scientific support to the Armed Forces and for 

advising the Minister on all matters concerned with science and technology 

and research and development.

9. Under the CDS (Figure 2), the Vice Chief of Defence Staff is responsible 

for operational planning, force development, the formulation of equipment 

requirements and the determination of program priorities. The Chief of 

Technical Services (CTS) is responsible for the plans and policies and their
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implementation required to meet the materiel needs of the Armed Forces. He is 

thus responsible for equipment acquisition (including development), 

maintenance, supply, transportation and construction engineering.

10. To perform these functions, the Technical Services Branch (Figure 3) is 

divided into three sub-branches. The Deputy Chief Engineering (DCENG) is 

responsible for matters concerned with the acquisition of new equipment 

(including development) required to meet the operational needs of the Armed 

Forces. This officer therefore has the primary responsibility within the 

Armed Forces for most of the activities which fall within the scope of this 

review. It should, however, be recognized that the primary activities of this 

sub-branch do not involve development but are concerned with the management of 

equipment acquisition and the functions of design authority. The skills 

required are generally suitable for managing development when this is 

considered to be necessary.

11. The detailed organization of the Engineering Sub-Branch is shown in 

Figure 4. It is divided into five functional divisions each headed by a 

director general. Four of these are responsible respectively for Maritime, 

Ordnance, Aerospace and Communications and Electronic Systems. The fifth 

division is concerned with Quality Assurance and has recently been taken over 

from the Materiel Command, the functions of which have been absorbed into the 

Technical Services Branch. There is a sixth division for Systems Management 

which is responsible for project formulation and management and general 

co-ordination within the Sub-Branch.

12. All the directorates within the four environmental divisions, with the 

exception of the Canadian Military Electronics Standards Agency, are 

responsible for all aspects of equipment acquisition within the area covered 

by each directorate. Their responsibilities therefore cover development, 

feasibility studies, engineering, technical evaluation, design authority, 

monitoring of foreign technical activities, etc.

13. The Canadian Military Electronics Standards Agency (CAMESA) is 

responsible for standards a..d specifications for all electronic and related
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components used by the Armed Forces and for maintaining adequate standards 

for industrial test activities by co-operating contractors.

14. The Directorate of Engineering Standardization and Services (DESS) , 

within the Systems Management Division, is responsible for all other aspects 

of engineering standardization, engineering procedures and specifications 

(other than those related to electronics) within the Armed Forces.

15. Three test establishments fall within the purview of the environmental 

divisions. The Aerospace Engineering and Test Establishment (AETE) is 

responsible to the Director General Aerospace Systems and the Land Engineering 

Test Establishment (LETE) to the Director General Ordnance Systems. These two 

establishments are concerned primarily with the engineering test and 

evaluation of equipment prior to its introduction into the military inventory 

but they also undertake a limited amount of development work. The Director 

General Maritime Systems is responsible for the Naval Engineering Test 

Establishment (NETE) with somewhat analogous functions but this establishment 

is operated and staffed by a contractor.

16. Abbreviated terms of reference for some of the relevant senior officers 

are contained in Annex B.

17. Organizational Arrangements with Other departments and Agencies — While 

DRB and the Armed Forces are responsible to the same Minister it is important 

to identify the various formal channels through which contact is maintained. 

These are listed in Annex C.

18. In the context of GTS/DRB relations, it should be noted that the 

Scientific Assistant to CTS has a non-line function on the staff of the GTS 

and at the same time is on the staff of the Deputy Chairman (Scientific) 

within DRB. This officer is broadly responsible for ensuring that the 

scientific and technical resources available to DRB are utilized to best 

effect within the Technical Services Branch. The terms of reference of this 

officer are also included in Annex B. Parallel positions, Scientific 

Assistants to the Vice Chief of the Defence Staff (VCDS) and the Chief of 

Personnel (CP), exist within the respective Branches.

29099—19*
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19. Since the Department of Defence Production (DDP) is responsible for all 

contracting arrangements and purchasing on behalf of DND, there are close 

relationships between the two departments. Communication occurs at all levels 

on the basis of normal staff work.

20. DND is actively concerned with defence development projects initiated by 

the Department of Industry (DOI). Formal channels are achieved through 

membership of the ADM (Logistics) and Deputy Chairman (Scientific)/DRB on the 

Inter-Departmental Committee for Export Development and Armed Forces and DRB 

representation on the three subsidiary advisory groups.

21. The Armed Forces have close association with the National Research 

Council but the only formal special channel is through the membership of the 

CIS on the National Aeronautical Research Committee.

22. Formal Agreements with Organizations outside Canada — DND participates 

in various international activities related to research and development which 

are based on formal agreements with other governments or their agencies. The 

following list includes the most important and Annex D contains further 

detail:

(a) The Technical Co-operation Program (TTCP);

(b) The NATO Conference of National Armaments Directors (CONAD);

(c) The ABCA Armies (Quadripartite) Standardization Group ;

(d) The Naval Tripartite Standardization Program;

(e) The Air Standardization Co-ordinating Committee; and

(f) Bilateral agreements with Britain, France and the USA.

23. Overseas Offices — The Armed Forces do not maintain special offices 

overseas concerned exclusively with scientific affairs but in general depend 

upon DRB liaison offices when these exist. There is, however, a considerable 

number of military attachés at embassies throughout the world who have a 

responsibility for keeping informed about the latest equipment and new 

military concepts.
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Organizational Functions

24. The functions of the Armed Forces with respect to Development have been 

described in paras 9 and 10 above.

25. Development Policy — A broad statement of government policy concerning 

defence development is contained in the White Paper on Defence published in

1964. The appropriate extract is reproduced in Annex E. A more detailed 

statement of the DND policy was approved by the Defence Council in February,

1965. This is reproduced in Annex F. The salient features of this policy 

statement are:

(a) Major equipment needs will be met largely by purchase of allied 

equipment.

(b) Development will be undertaken to meet unique Canadian needs or to 

exploit novel concepts.

(c) Development activity is essential to train competent technical officers 

required to make judgments on equipment acquisition and to be 

responsible for operating and maintaining complex equipment.

(d) Canadian development is essential to ensure that allied technical 

information will continue to be supplied to us.

(e) Economic factors will be taken into consideration in selecting 

projects.

(f) Every attempt will be made to participate in joint development 

projects with our allies.

(g) Risks will be reduced by undertaking adequate feasibility and cost 

effectiveness studies before initiating major projects and by using 

adequate progress review techniques.

26. External Relations — The Canadian Forces Development Program involves 

relationships with a number of other government departments and agencies.
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The closest relationship is, quite naturally, that between the Development 

Program and the activities of the Defence Research Board. Less involved but 

assisting on specific development projects are the National Research Council 

and the Department of Energy, Mines and Resources. There is also a point of 

contact with the Department of Transport on matters concerned with meteorology 

but this has no direct bearing on the Forces Development Program.

27. The basic functions of DRB in support of the Armed Forces have already 

been described in Part I. The support of development activities is provided 

by the DRB establishments and usually takes the form of (a) assisting in the 

monitoring and control of the overall program and (b) conducting or assisting 

in the carrying out of specific projects. Strong efforts are made to 

establish close working contacts between the scientific and technical groups 

of experts in the establishments and the engineering groups with the Technical 

Branch of the Forces. However, the formal arrangements described in paras 18 

and 19 are all involved. Some examples of DRB participation in development 

projects are listed in Annex G.

28. The National Research Council also supplies assistance to the Forces in 

connection with specific engineering and development activities. The areas 

involved are usually those in which the DRB establishments have little 

capability and in which there is both a military and civil requirement. 

Examples include the support provided by the National Aeronautical 

Establishment and by the Mechanical Engineering Division in matters related 

to propulsion systems and ship design. For many years, the Radio and 

Electrical Engineering Division provided substantial support in the field of 

radar, radio direction-finding and other related areas, but in recent years 

most of this support has been taken o.er by the Defence Research 

Telecommunications Establishment.

29. The Department of Energy, Mines and Resources provides support in 

matters related to materials and corrosion and particularly in problems 

associated with the maritime environment. Although not in support of 

development, DEMR is also responsible for supplying oceanographic and 

hydrographic services to DND.
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30. Formal relations between the Canadian Forces and industry are, insofar 

as the development program is concerned, effected through either the 

Department of Defence Production or the Department of Industry. On virtually 

all of the individual development projects conducted under contract by 

Canadian industry, there is direct contact between the industrial firm and the 

officers, including civilian officers, of the Technical Branch of the Canadian 

Forces. This contact, however, is concerned chiefly with technical matters ; 

contract amendments and formal financial commitments on behalf of the 

government are the responsibility of DDP.

31. The relationships with the Department of Industry (DOI) concern the 

Armed Forces involvement in development projects supported by DOI. As already 

indicated, DND is involved through membership on the Inter-Departmental 

Committee for Export Development and its three advisory groups for aerospace, 

electronics and weapons. The Technical Branch of the Armed Forces also 

provides advice by membership on most of the Project Review Groups which 

monitor each project. In addition, DND has often provided substantial support 

by supplying manpower for project management, the use of test and evaluation 

facilities, weapons ranges, aircraft and access to the machinery of formal 

defence agreements. Some examples are listed in Annex H. Occasionally 

projects have been funded jointly with DOI when DND has a strong interest but 

is not able to justify full DND funding.

32. Program Review — There are a number of activities which are concerned 

with ensuring that development is conducted in an orderly manner. As already 

indicated, the statement of the requirements for new equipment is made by the 

VCDS Branch which is then keenly interested that progress is being made in 

accordance with an agreed plan so that the product will be available for 

operational use at a planned time. Periodical reviews of individual projects 

are therefore conducted when appropriate.

33. In May or June of each year the entire development program is critically 

reviewed so that the five-year departmental program (the Integrated Defence 

Program) can be updated prior to estimate preparation for the following year.
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34. The methods used for initiating, reviewing and managing projects are 

discussed below in paras 57 - 62.

35. Discussion — Within the stated defence development policy, a number of 

difficulties exist and indeed they have been apparent for many years to a 

greater or lesser extent. The most important relates to the obvious desire 

of the military staffs to obtain the maximum amount of effective equipment 

with the funds available. In addition, in the interests of standardization 

with our allies and the need for adequate and economical logistic arrangements, 

it is usually desirable to avoid the acquisition of unique Canadian equipment 

if the requirement can be met in other ways. These factors can lead to a 

conclusion that we should undertake no innovative Canadian development but 

that we should always buy equipment from our allies or manufacture it under 

licence in Canada. Such action would fail to achieve the longer term goals

of maintaining competent technical officers, retaining access to allied 

technical information, preserving viable defence industries and maintaining 

a reasonable balance of payments in defence matters.

36. With the rapidly increasing complexity and cost of equipment, the 

difficulty of selecting projects which can be justified on the basis of 

Canadian needs alone has increased. Frequently Canadian procurement levels 

cannot justify the level of development expenditures required. It has 

therefore become apparent that potential foreign sales are a prerequisite for 

many Canadian development projects. At the same time it has also become 

increasingly apparent that defence development activities sponsored by the 

Department of Industry and aimed at foreign sales and industrial expansion 

require the support of DND in some way, to be successful. These two 

considerations lead to the conclusion that there is a need to view each 

major defence development project in a broad national sense rather than in 

the context of the individual interested departments.

37. The Armed Forces are greatly dependent upon the scientific and 

technical resources of DRB for advice and support on many development projects 

and also for a great deal of the technical creativity required to provide new 

ideas and concepts for development. The recent changes in DRB organization
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have led to much closer working relations between the scientists and engineers 

in the DRB establishments and the military and civilian officers in the Armed 

Forces. It has become clear, however, that the best support is obtained from 

DRB establishments when there is a substantial activity in a given field 

covering the entire spectrum of research and development and including a 

knowledge in depth of existing military equipment. These areas must be 

selected with great care in the light of long term defence policy since they 

can easily take several years to establish and bring to a productive state.

It is expected that DRB planning activities recently initiated will lead to 

the initiation or strengthening of some of these areas of activity which are 

relevant to military interests.

Personnel Policies

38. Prior to integration of the three Services in 1964, each had a somewhat 

different policy with regard to the employment of civilians. In January,

1967, the Minister approved the following general guidelines:

(a) The over-riding consideration must be the maintenance and support of 

the operational forces. To the extent that military positions are 

required in support of organizations because specialized military 

background is required for the training and development of military 

personnel, for essential rotational purposes, or to augment the 

operational forces, these should be provided.

(b) Subject to (a) above

(1) equal consideration is to be given to the provision of appropriate 

career structures for civilian staffs as for military staffs;

(2) civilian or military personnel will be employed where a choice is 

possible on the basis of the most economical choice; and

(3) the choice under (2) will take into consideration the availability 

of personnel and the cost of training them for specialized jobs, 

the cost of fringe benefits including pensions, the capacity to 

offer satisfactory opportunities in a mixed staff, and the effects, 

if these are inadequate, in terms of productivity and turnover.
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39. These guidelines apply to all staffs and therefore cover the professional 

engineers of interest to the Committee. Their full effect can only be brought 

to bear as reorganization proceeds and new staff is hired ; therefore the 

present organization does not fully reflect the guidelines.

40. During recent months there has been considerable activity aimed at 

improving civilian personnel career policies within the Engineering Sub-Branch. 

An inventory and appraisal program has been undertaken to identify individuals 

with high motivation and apparent potential for career development. At the 

same time, a study is being initiated to identify the type of professional 

required in the various elements of the organization.

41. Another study is being undertaken to participate fully in the University 

Recruitment Program of the Public Service Commission for professional 

engineers.

42. In the area of further education, assistance is available for both 

intramural and extramural study. The choice is dependent on the needs of the 

individual and the availability of suitable courses. There are few courses 

available within the department designed specifically for civilian professional 

engineers. There are, however, a large number of courses available for the 

training of military officers. Many of these are technical and some of them 

quite advanced. When appropriate, civilian officers may attend these courses.

Distribution of Activities

43. While there are important regional aspects of the overall activities of 

DND, the scientific aspects involving development do not have any strong 

regional implications which are directly under the control of the department. 

However, since development is conducted mainly by industry under contract, 

the regional pattern of available industries and the policy of awarding 

contracts do have strong regional implications. These two aspects are 

primarily the concern of DOI and DDP respectively.

44. Annex I contains some statistical data supplied by DDP showing the 

breakdown of research and development contracts awarded on behalf of DND. It
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should be noted that the data are based on the value of contracts awarded 

rather than.the funds expended in each year. Table 1 contains a breakdown 

in terms of industrial sectors and Table 2 contains regional data.

Personnel Data
45. As already indicated, it is not possible to identify specific 

individuals who are concerned exclusively with the scientific activities of 

interest to the committee. In addition, it is difficult to isolate meaningful 

statistical information for the military officers involved in development 

activities. The information supplied is therefore intended to give a general 

statistical impression of the characteristics of the personnel involved in 

scientific activities.

46. Annex J contains the statistical information which covers the Engineering 

Sub-Branch of the CTS Branch excluding the Canadian Military Electronics 

Standardization Agency and the Directorate of Engineering Standardization and 

Services but including the test and evaluation facilities associated with 

equipment acquisition. The data cover 100 civilian officers and are 

presented in three categories:

(a) engineers with a masters level degree;

(b) engineers with a bachelor level degree; and

(c) other engineers of professional status.

The information on military officers covers those with a bachelor or higher 

level academic qualification and includes graduates of the Royal Military 

College or equivalent military institutions.

47. The information covers the situation as it exists in August 1968. It is 

difficult to present information which would be exactly comparable over the 

previous five years because of major organizational changes during the 

processes of military integration and unification. As a guide, however, 

during the past five years there has been a reduction by between 30 and 40%

of the number of officers (military and civilian) employed in the Engineering 

Sub-Branch. Similarly, it is difficult to forecast the future which will be 

dependent on a review of defence policy. It would seem, however, that there 

will not be any substantial increase in the level of activity unless there is 

a major change in the international situation.
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48. The staff concerned with development as defined in Annex A represent 

only a modest fraction of those covered by the statistical data in Annex J.

As a guideline it may be assumed that approximately 10 - 15% of this effort 

is on the average involved in development activity. As stated in previous 

paragraphs, most of the effort is used for project formulation and the 

management of contracts with industry and not for in-house development activity.

49. At the present time, none of the civilian professional officers is on 

educational leave although increasing attention is now being directed to 

identifying cases where such further training is required.

50. During the summer months, the department employs a number of casuals 

for work in the Engineering Sub-Branch and some of these could be under

graduates in the science and engineering disciplines. However, there is no 

formal program specifically designed to provide undergraduate students with 

employment in scientific activities during the summer months.

Expenditures
51. Annex K contains details of expenditures managed by the GTS in connection 

with his responsibilities for research and development activities on behalf of 

the Canadian Armed Forces. Due to the major changes in organization, personnel 

and procedures which occurred following the integration of the Armed Services, 

it has not been possible to provide in all cases the actual expenditures 

incurred prior to FY 65/66.

52. The source of funding shown against "Support of R & D in Industry" is 

that provided by the Canadian Forces Development Vote. It has been reliably 

estimated that between 1% and 2% of these expenditures are used for "in-house" 

activities but as this is such a small proportion, no adjustments have been 

made to the totals. Actual expenditures have been shown for FY 62/63 to

FY 67/68 and that for 68/69 is the present forecast.

53. The figures shown for the various units under "Intramural R & D" are the 

total operating costs. However, in the case of the Engineering Sub-Branch
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these are estimated personnel costs only and represent that proportion of the 

staff directly associated with development activities.

54. A difficulty in providing a realistic figure for total development 

expenditures is presented by a degree of arbitrariness during past years in 

the interpretation of the definition of development. For instance it has been 

customary, when acquiring an aircraft of foreign design to fund the entire 

project from the equipment primaries even though a considerable amount of 

modification and development of sub-systems may be involved. A rough estimate 

for general aircraft over several years indicates that there has been an 

average expenditure on development of about $6,000,000 per year on this type 

of activity related to aircraft.

55. Many countries consider the cost of a "lead" ship for a new class as 

development of a prototype. In Canada the design of a new ship and work on 

the hull, propulsion and machinery has not been classed as development 

although work on the sub-systems such as sonar, communications and armament 

has.

Research Policies

56. The basic policy is that development of military equipment is conducted 

by industry under contract. There are, however, occasions when it is 

preferable or necessary to undertake some work intramurally. This usually 

takes the form of Preliminary Development when DND possesses unique facilities 

or capabilities non-existent elsewhere.

57. Project Selectiont Initiation and Management — In general, development 

is initiated in response to Operational Equipment Objectives (OEOs) or 

Operational Equipment Requirements (OERs) which are prepared and approved by 

the VCDS in consultation with the CTS and his staff. This process of 

initiation is described in more detail in Annex L.

58. The CTS is responsible for approving the initiation of significant 

projects or making recommendations to the CDS or the Minister for very large 

projects. To assist the CTS in making these decisions, there is an advisory
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committee called the Development and Associated Research Policy Group (DARPG) 

which brings together senior officers from the Armed Forces, DRB and the 

Deputy Minister's office who may have involvement in development. Observers 

from the treasury board and the Departments of Industry and Defence Production 

also attend. The present composition and terms of reference for the DARPG are 

given in Annex M. A secretary and supporting staff for this committee are 

provided by the Directorate of Project Formulation (DPF) within the Systems 

Management Division of the GTS Branch. DPF is responsible for examining all 

proposals for development and for taking action to ensure that all relevant 

information required for a thorough appraisal of each proposal has been 

included.

59. When a project has been approved, the responsibility for management 

usually rests with an officer in one of the functional divisions of the 

Engineering Sub-Branch. For larger projects the DARPG, in approving project 

initiation, may direct that reviews of progress be provided at designated 

stages of the project. For very large projects a management charter is 

issued by the GTS designating the officer having the overall responsibility 

for management and detailing the duties and responsibilities of other 

organizational elements in regard to the project. DPM is responsible for 

co-ordination of the various inputs, assistance in preparing the Master 

Implementation Plan, maintaining records of progress, changes in plans, and 

the management information systems. Except where a joint interdepartmental 

management office exists, as discussed below, the ultimate responsibility for 

project management rests with the designated functional division head in the 

Engineering Sub-Branch. It should be understood that the term management is 

interpreted in the broad sense and includes not only the technical management 

but also all actions required within the Armed Forces to bring the equipment 

into operational use. This includes engineering evaluation, user evaluation, 

training of user personnel, establishment of logistic arrangements, 

displacement of existing equipment, etc.

60. During project initiation, close liaison is required with the Department 

of Industry (DOI). This is achieved at various staff levels and through 

cross-participation on the appropriate senior committees. Considerable
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progress has been made in recent years in turning over promising projects to 

DOI for support when DND requirements alone cannot justify initiation or in 

arranging joint funding (as with the CL-84 tilt-wing aircraft).

61. Since the Department of Defence Production (DDP) is responsible for 

contract administration on behalf of DND, very close working relationships are 

essential. DDP is responsible for processing contract demands initiated by 

DND and thus conducts tender action, bid assessment and final contract action. 

These actions involve DND staffs but ultimate decisions on contractor 

selection are made by DDP in the light of DND recommendations. DDP thus plays 

a key role in the choice of contractor for DND work.

62. In addition, in view of DDP's responsibility for contract administration, 

that department is also concerned with project management. For major projects, 

joint project management offices are established with DND and DDP staffs.

When the project is funded by DND, the project manager is a DND officer and 

his deputy a DDP officer and when the project is funded by DOT, the reverse 

arrangement is used. The project manager is responsible to a policy board 

consisting of senior officers from the departments involved. Joint project 

offices exist for several projects concerned with the procurement of major 

equipment but the only development project so managed is the FHE-400 Hydrofoil.

63. Priorities — Priorities for equipment acquisition are established by 

the VCDS Branch and are stated in terms of three levels based on the possible 

improvement to operational capabilities. They are used mainly in connection 

with project selection required to make changes to the five-year integrated 

defence program (IDP).

64. These priority levels are not generally used for the development 

projects but, of course, the ultimate potential availability of funds for 

equipment procurement has an important bearing on any decisions to proceed 

with development.

65. Management Techniques — Essentially all development projects utilize 

some form of planning and review technique. For simple projects this may be
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no more than the identification of milestones or review points but, for major 

projects, CPN or PERT will probably be used. Examples of major projects using 

PERT are:

(a) the lh ton utility truck (Dodge RAM);

(b) the FHE Hydrofoil ship; and

(c) the development of the SEA SPARROW for installation in the DDH 280 class 

of ships.

66. In addition, a management information system (PROMIS) has recently been 

introduced into the CTS Branch for selected equipment acquisition projects.

A brief note on PROMIS is contained in Annex N.

67. Balance between Intramural and Extramural Projects — As already 

indicated, the standard DND policy is that Engineering Development and 

Operational Systems Development should be undertaken by industry. The 

activities undertaken within the Armed Forces generally fall in the following 

categories :

(a) systems analysis and studies required in concept formulation;

(b) design and prototype production of modifications to equipment such as 

aircraft or kits for fighting vehicles;

(c) engineering test and evaluation requiring military personnel and 

specialized facilities and equipment;

(d) work on breadboard or experimental models when appropriate in existing 

facilities; and

(e) management of contracts.

68. Some of this type of work may be undertaken by DRB establishments on 

behalf of the Armed Forces when suitable skills and facilities exist.

69. Changing Programs — In contrast to programs of scientific research, the 

development program has relatively shorter term objectives aimed at meeting
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specific equipment needs by the application of existing or anticipated 

technology. The development program pattern is therefore governed by:

(a) the existence of equipment requirements ;

(b) the availability of technology; and

(c) the availability of funds.

Within these considerations the program is determined within the system 

already described.

Research Output
70. The results of Canadian Forces development activity differ from those of 

research in that the primary output is in the form of prototype hardware as 

opposed to publications in scientific journals and papers presented to 

learned societies. There is, however, a certain amount of this activity, 

mostly concerned with patents.

71. The policy of the Department of National Defence on patents as 

dictated by a Treasury Board ruling is primarily a defensive one; i.e. , 

patents are obtained to prevent the payment of royalties and fees to others 

rather than to seek royalty income. Where the possibility of obtaining a 

patent exists, an attempt to obtain such protection is made for every 

invention that is the product of the department's research and development 

provided that possible use by the Crown can be disclosed. It is the normal 

practice to file patent applications in Britain and the USA but, under the 

various international agreements discussed elsewhere, reciprocal arrangements 

are made whereby one country will process applications and obtain its own 

national patents in the name of the country responsible for the invention. 

Provision has been made for filing patents in secrecy where security 

considerations so dictate.

72. During the period from FY 63/64 to the present, a total of 20 licences 

has been granted by the Crown on parents taken out by DND (including DRB). 

During the same period patents taken out as a result of work undertaken by 

DND have resulted in royalty fees paid to the Crown amounting to $906,000.

It should be noted that royalty-free licences are on occasion granted to

Canadian companies.
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73. Although as stated above, it is not a primary objective of departmental 

patent policy to obtain royalties, it is worth noting that a single invention 

(an aircraft navigation system for use in northern latitudes) has resulted in 

royalty payments to the Crown of over $1,000,000 over the 10-year period 

since its invention.

74. Books, journal articles, reports, etc., do not normally result from 

development projects. Prototype equipment, specifications and designs for 

such equipment are the principal outputs of the programs. Dissemination of 

the results of development projects to allied nations often takes the form of 

demonstrations of prototype equipments. Arrangements for these demonstrations 

are made jointly by the Armed Forces, the Department of Deience Production and 

the commercial contractor. The aim is not to obtain scientific recognition 

for the effort but rather to promote sales to foreign defence organizations.

The results of development activity are also disseminated promptly and in 

detail amongst our allies through the media of the various international 

arrangements already described.

75. These contributions to the international pool of knowledge, along with 

the research contribution made by DRB, are responsible for making available a 

vast amount of technical information from other countries. This information 

is obtained at meetings, by visits to agencies in other countries and through 

formal information channels. The Defence Scientific Information Service (DSIS) 

in DRB provides the formal scientific information channel for all at DND. DSIS 

can, in turn, make this information available to extramural agencies including 

contractors when the need exists.

76. The Armed Forces have not, in general, created internationally- 

recognized teams or scientists of international repute because of the nature 

of their work. However the work done by the military and civilian technical 

officers has frequently been recognized within the international defence 

community as being of high quality. In addition there has been a small number 

of officers with extremely high technical creativeness ; these officers have 

produced ideas which have been developed by industry and which have led to
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substantial foreign sales. It is unfortunate that financial and manpower 

constraints in recent years have essentially eliminated the favourable 

climate for this type of activity.

77. The technical competence of many military officers is also well 

demonstrated by the large number now employed by DDP, DOI and other 

departments following their retirement.

78. It has been recognized in most countries that defence-sponsored research 

and development has been of inestimable value in stimulating technological 

advance and creating a highly developed industrial base. It is likely that 

the highly competitive aspects of defence required to maintain national 

sovereignty and influence, instil into military research and development a 

sense of urgency not always so apparent in other areas of national endeavour.

79. The competence and industrial base so established has produced large 

dividends for the domestic economy and a countless stream of products not 

consciously associated with defence. The modern electronics and aircraft 

industries produce perhaps the most startling examples. This situation is 

less obvious in Canada than in the USA because of the much lower level of 

activity but the experience of other countries would suggest that a withdrawal 

from military research and development would have a serious effect on the 

national economy in the long term. It is significant that the period of

most rapid economic and industrial expansion in Canada which followed 

World War II occurred immediately after the creation of a large military 

research and development community during the war.

Projects

80. Annex 0 displays the 68/69 Development Program of the Canadian Armed 

Forces in terms of Technical Fields, and the estimated time scale for each 

project. A few projects which appeared in the 66/67 Development Program, but 

have since been completed, have been included to further illustrate the scope 

of the activities following integration of the Armed Forces. Projects are 

classified in the listing, as either "Term" or "Recurring". Term Projects, 

shown with a bar to illustrate the time schedule, are usually undertaken in

29099—20*
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response to an operational requirement, i.e., the Aim, Program, Funding and 

Time Schedule can be stated with reasonable accuracy. Recurring projects 

represent a continuing requirement in a specific Technical Field and cover 

such activities as investigations and improvements to existing equipment, 

maintaining and improving technical competence and the conduct of feasibility 

studies, Project Definition and Evaluation of equipment to satisfy service 

requirements. The individual projects usually involve a number of specific 

tasks which can be defined precisely and which do have a finite duration.

81. ANNEXES P—V contain briefs on six specific projects which have been 

supported by the Armed Forces development program. The Doppler radar project 

is a striking example of a successful project arising from DND research and 

development followed by industrial exploitation and ultimately by substantial 

foreign sales.

Impact of Science and Technology on Future DND Activities

82. Equipment Aspects — It is inevitable that defence-oriented research and 

development will continue to push forward the frontiers of technology at the 

maximum rate to achieve excellence in future weapon systems. It would be 

simple to say that all technological advances will be applied to a greater or 

lesser extent in future defence systems. It would be much more difficult to 

make judgments on the relative value of advances in particular technologies 

to the overall military capability.

83. A major planning function involves this problem of relating the 

relevance and value of various technologies to military capability and then 

in turn the relevance of various scientific disciplines to the technologies. 

This is a difficult and complex problem and studies of the methodology best 

suited to Canadian defence needs have only recently been started.

84. As already indicated, it is impossible to conduct a broadly based 

research and development program aimed at meeting all Canadian equipment needs. 

Optimum planning therefore involves the complex process of superimposing many 

other factors upon the relevance of scientific disciplines to technologies

and in turn to military capabilities; these include such factors as economic 

and industrial interests, available technical resources, etc.
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85. Regardless of this complex planning process aimed at defining an 

optimum research and development program, the Canadian Forces can probably 

expect to continue to be provided with equipment based on the most advanced 

technologies developed mainly by our allies.

86. Management and Decision-Making Aspects — The very high cost and 

complexity of defence projects have led to much pioneering of management 

techniques in the defence field. The concepts of project managers, project 

offices, the total system approach to management, PERT, etc. , have all been 

either created or developed greatly in relation to defence projects. Many of 

these new techniques are being actively employed in the non-defence field.

87. Similarly, the techniques of operational research and systems analysis 

were developed in the defence field and are now being applied extensively 

elsewhere. In more recent years the concept of planning-programming- 

budgeting was first applied to the US Department of Defence and subsequently 

applied to other departments and in other countries.

88. It seems reasonable to expect that the defence community will continue 

to pioneer new techniques of management and decision-making and DND will 

unquestionably attempt to contribute to this process and adapt the techniques 

developed elsewhere to Canadian needs.

89. Many of these techniques have become useful through the availability of 

smaller more versatile computers and data processing equipment. The next few 

years will see the extensive application of these techniques to the management 

of military operations. Studies are already well advanced of an integrated 

logistics and supply for the Canadian Forces based upon the most recent data 

processing and communications techniques. Similar techniques are being and 

will increasingly be applied to the handling of battlefield information and

to the effective command and control of military units and formations.
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TESTING AND STANDARDIZATION ACTIVITIES
90. This section will cover the activities of three elements of the 

organization which are concerned with the testing and standardization required 

in direct support of the equipment acquisition function.

(a) The Directorate of Engineering Standards and Services (DESS);

(b) The Canadian Military Electronics Standardization Agency (CAMESA); and

(c) The Quality Assurance Division of the Engineering Sub-Branch (QAB).

Some aspects of the activities of the three test establishments referred to in 
para 15 should strictly fall in this category but since some of their functions 
fall within the DND definitions of development (which include test and evaluation) 
it would be extremely difficult to sub-divide their functions. They were therefore 
covered in the previous section.

Directorate of Engineering Standards and Services (DESS)
91. As indicated in para 14, DESS forms part of the Systems Management 

Division of the CTS Branch and is broadly responsible for the standardization 

of engineering procedures, practices and philosophies. Its functions are:

(a) the development of engineering standards within DND, nationally and 

internationally ;

(b) the management, on behalf of the design authority, of the manufacturing 

data used to describe DND requirements ; and

(c) co-ordination of patent and invention matters.

92. It is the policy of the department to achieve the maximum degree of 

standardization with other friendly nations and many of the formal agreements 

identified in the previous sections are used for this purpose in connection 

with the activities of DESS. The directorate thus provides or arranges for 

representation to the wide range of committees both in Canada and 

internationally and in addition provides the necessary co-ordination to 

determine the required extent of participation.

93. The operating cost data for DESS are included in Annex V which 

summarizes the total cost of testing and standardization activities. The 

total staff is 29 and of these, 5 are professional engineers.
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Canadian Military Electronics Standardization Agency (CAMESA)
94. As stated in para 13, CAMESA forms part of the Electronics and 

Communications Division of the CTS Branch. The Agency provides support to 

the procurement and maintenance of electronic equipment and materials for 

the Armed Forces involving the following basic functions:

(a) applications engineering;

(b) document provisioning;

(c) qualification approval management ;

(d) reliability assessment; and

(e) laboratory program management.

A more detailed description of these functions and the terms of reference for 

the Agency are included in Annex W.

93. In addition to making contributions to the Canadian participation in 

the various formal international agreements already referred to, CAMESA is 

involved in other formal agreements which relate to Canada/USA defence 

economic co-operation. These are identified in Annex W.

96. CAMESA is also involved in a wide range of co-operative activities with 

other departments and agencies in Canada and in representing Canadian interests 

in international activities. Further details are provided in Annex W.

97. The operating cost data for CAMESA are included in Annex V. It should 

be noted that the laboratory functions were transferred to the Quality 

Assurance Laboratories during 1967/68. The Agency has a staff of 34 of which 

5 are professional engineers.

98. The output of CAMESA is primarily utilized directly in support of 

procurement and maintenance activities and consists of documents such as 

specifications, qualified products lists, preferred parts lists and test 

reports covering the performance of specific products.

Quality Assurance Division
99. As already stated this component of the organization is being taken over 

as a division of the Engineering Sub-Branch with the absorption of the
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Materiel Command by the GTS Branch. Since the re-organization plans have not 

yet been completed, the data supplied are based upon the organization with the 

Materiel Command, which is known as the Quality Assurance Branch (QAB).

100. QAB is responsible for providing assurance that new materiel entering 

the DND inventory is in accordance with approved specifications and that 

materiel repaired or modified by contract meets acceptable standards when QAB 

is named in the contract. Detailed terms of reference are contained in 

Annex X.

101. The Quality Assurance Branch is divided into three main Divisions : the 

Quality Assurance Engineering Division, Quality Assurance Laboratories 

Division and the Quality Assurance Support Services Division. Details of the 

functions of the Divisions are provided in Annex X and a block diagram of the 

organization is shown in Appendix I to Annex X.

102. QAB is involved in activities arising from the international agreements 

already referred to and, in addition, is concerned with others more 

specifically related to quality assurance. There are also many co-operative 

activities with other departments and agencies. Annex X contains additional 

detailed information.

103. Operating cost data for the QAB are contained in Annex V. The staff

presently consists of:

(a) Professional scientists/engineers 45

(b) Military officers 10

(c) Technical support/civilian 961

(d) Other military 12

(e) Other civilian 124

1152

104. The major output of the organization is not in the form of scientific 

papers, articles, etc., because of its functions. However, in support of 

these functions, a number of technique studies and investigations have been 

undertaken. Annex X contains further details.
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CONCLUSIONS AND RECOMMENDATIONS
105. Examination of the information presented in this Part of the Submission 

shows that the activities within the Forces which fall within the purview of 

the committee are surrounded by a number of difficulties. These will be 

discussed in this section and some conclusions and recommendations presented.

Level of Effort
106. The total cost of all development, test and evaluation activities is 

difficult to arrive at precisely because of problems of definition and 

accounting. However, it is clear that it is of the order of 1.5 to 2.0% of 

the defence budget. By any standards for an industrial country this is low. 

On the other hand, development (including test and evaluation) amounts to 

about 10% of the equipment acquisition funds. When the nature of the 

expenditure on development is examined, it is apparent that a major 

proportion of the activity can not be classed as innovative development but 

consists of procurement for test and evaluation of equipment, operation of 

evaluation facilities, interface engineering, adaptation of equipment, etc. 

With a few notable exceptions (e.g., the hydrofoil) the development program 

in general does not represent logical application of the products of the 

research program. On the contrary, the competence created by the research 

program is generally used to support the Armed Forces in conducting analysis 

related to equipment acquisition decisions and in contributing to and 

assisting in development projects initiated by the Forces. Within the 

declining manpower level of th . Forces, it can be expected that DRB will be 

pressed to take on increasing responsibilities in this field.

Relations of the Armed Forces with DRB
107. The organizational separation of the responsibility for research from 

that for development, test and evaluation has obvious advantages in 

maintaining an independent civilian defence science community relatively free 

of military pressures and of high calibre because of its special personnel 

arrangements. However, any such interface presents difficulties because of 

the need for a smooth transition between research and development. Changes 

made in recent years, including the creation of the Development and 

Associated Research Policy Group, the location of DRB staff within the Forces
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organization and the reorganization of DRB have all improved the situation.

It should be recognized that all countries have been seeking an optimum 

organization for defence research and development for many years and also that 

this is only one of several interfaces in the equipment acquisition cycle. 

Others relate to engineering, maintenance, supply and requirements definition.

Relations with DPP and DPI
108. So long as DDP (or its successor) retains the authority for defence 

contracting, its relations with DND will be complex. The relative responsibil

ities of the two departments are clear and therefore, for all projects, a 

degree of joint management is unavoidable. For large and complex projects a 

joint management office will be essential. With such arrangements, only a 

spirit of goodwill and mutual understanding can lead to harmonious management.

109. The division of responsibilities between DOI and DND is perhaps less 

clearly defined. It is perhaps anachronistic that the DOI development 

program is larger than that of DND. While DND makes a substantial 

contribution to this program in the form of assistance and advice, many of 

the projects are of no interest, or at most of secondary interest to DND. On 

the other hand, it has become increasingly apparent that export potential of 

the products is greatly enhanced by more substantial DND involvement.

110. The co-ordination arrangements between DOI and DND have been greatly 

improved in recent years but there are difficulties in the effective 

formulation of projects which meet criteria of (a) value to DND in meeting 

Canadian requirements, (b) value to DOI in expanding exports and (c) value 

to industry in fostering expansion.

The Case for Defence Development in Canada
111. Because of the difficulties inherent in the relative smallness of the 

Canadian Armed Forces and the scarcity of funds and qualified manpower for 

management of projects, it is reasonable to question why DND should support 

development projects rather than purchase all equipment from our allies or 

manufacture it under licence in Canada. It is considered essential to retain 

defence development activity for the following reasons :
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(a) to maintain an up-to-date knowledge of advanced technology in order to 

conduct the analysis and assessment required for equipment acquisition 

decision-making ;

(b) to meet uniquely Canadian needs;

(c) to exploit novel concepts arising from Canadian research;

(d) to make a contribution to the pool of allied technical knowledge so 

that access to this immense collection of information and advice can 

be maintained;

(e) to assist in the preservation and expansion of industries based on 

advanced technology; and

(f) to maintain the body of competent technical officers required to 

operate and maintain modern complex equipment.

Development Policies
112. It is recognized that much of the equipment required by the Forces will 

be purchased from our allies or manufactured under licence in Canada. The 

small volume of Canadian requirements can usually not justify development in 

Canada unless an export potential can be identified. Therefore it is 

inevitable that major development projects will be few and they need to be 

selected with great care. It is obvious that it is desirable to attempt to 

participate in development projects in co-operation with our allies whenever 

possible.

113. Much of the development activity will be concerned with improvements to 

existing equipment, adaptation of equipment to meet Canadian needs, and the 

development of sub-systems based on Canadian innovation.

114. Whenever possible development is conducted by industry although 

projects are occasionally conducted intramurally when unique facilities or 

resources existing only within DND are required or when appropriate
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industrial competence is not available. The DRB establishments are often 

involved in the demonstration of the feasibility of novel concepts.

International Involvement

115. There is a complex network of both formal and informal agreements 

covering the exchange of defence scientific and technical information of a 

classified and unclassified nature. Apart from the industrial and economic 

advantages of international co-operation in development projects, our 

contribution to this pool of knowledge opens up a vast store of technical 

information essential to sound decisions. Much of this information is also 

of immense value to the non-defence community because defence research and 

development has often been responsible for the exploitation of scientific 

advances and the rapid expansion of new technology.

Personnel

116. It is difficult to draw conclusions regarding the personnel involved 

in the scientific activities of the Armed Forces because the officers 

(civilian and military) are not wholly involved in these activities but are 

concerned with the entire spectrum of equipment acquisition functions.

117. The subject is also complicated by the mixture of military and civilian 

staffs within the technical arm of the Forces. The policy is to use civilian 

officers when it is most economical and does not prejudice the maintenance 

and support of the operational forces either directly or indirectly. Civilian 

officers are in general less costly and they provide a degree of continuity 

not possible with military officers who may be transferred frequently and at 

short notice. On the other hand, too heavy a dependence on civilian officers 

may provide inadequate training opportunities for military officers and an 

underestimation of the military factors which relate to equipment.

118. Earlier policies had led to a somewhat unsatisfactory career development 

pattern for civilian officers. It is hoped that recent changes will have 

improved this situation considerably.
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Management
119. The magnitude and complexity of defence projects has led to the 

development of many new management techniques concerned both with decision

making and project implementation. The use of systems analysis and management 

techniques such as PERT have become firmly established.

120. In attempts to minimize cost escalation and slippage, so common in 

development projects, new procedures have recently been established by the 

Forces for defining requirements, formulating projects, developing 

implementation plans and reviewing projects. These are being applied to 

development projects but it is, as yet, too soon to assess the improvement 

that has been achieved.

Test Establishments
121. The three test establishments represent a substantial proportion of

the activities which fall within the definition of development. Most of their 

work, however, is concerned with equipment acquired through purchase rather 

than from a Canadian development program. Regardless of the level of true 

development activity, these facilities will be essential to ensure that 

equipment supplied to the Forces performs in an acceptable, safe and reliable 

manner.

Standardization
122. The three departmental activities concerned with standardization also 

represent a substantial level of expenditure. Their functions are, however, 

inherent in the need of DND for the acquisition of a large amount and great 

diversity of materiel ranging from highly complex equipment to routine 

supplies.

Recommendations
123. Recommendations concerned with defence equipment development and 

associated activities are related to three principal factors. Firstly, in 

view of the high cost and complexity of equipment, it is inevitable that 

the interests of several departments will be involved as well as those of 

industry. There is a need to formulate and implement projects in the overall
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national interest. Secondly, the acquisition of military equipment presents 

certain problems concerned with the need to maintain a strong military 

involvement during all stages of equipment acquisition in order to ensure 

that the equipment is ultimately operationally acceptable. Thirdly, the 

defence community has created an extremely comprehensive and effective 

machinery for the international exchange of technological information, often 

absent because of proprietary considerations in fields of non-defence interest.

124. The following specific recommendations are therefore made :

(1) In any consideration of inter-departmental or inter-agency 

reorganization, serious consideration should be given to the need to 

create a suitable climate and improved machinery for initiating and 

conducting development projects which can serve the overall national 

interests.

(2) In any consideration of reorganization, the vital importance of 

retaining military involvement and influence on military equipment 

projects should be recognized.

(3) The extensive machinery within the defence community for the 

international exchange of technological information should be 

recognized as being of vital importance to the overall national 

technological capability.
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DEFINITION OF RESEARCH AND DEVELOPMENT TERMINOLOGY USED IN DND

BASIC RESEARCH
Basic Research is research carried out to increase the accumulated, 

objective, and systematic knowledge of the inherent properties of matter, space, 

energy, natural phenomena and biosystems and their interactions. There are two 

prime motivations for doing basic research. One is composed of curiosity and 

personal tastes; the other is a serious deficiency in existing knowledge 

which is recognized as being a real or potential barrier to scientific 

understanding and technological advances. When pursued for the latter reason 

it is termed "objective basic research" and, in the defence context, the 

knowledge deficiency must have substantial defence implications to qualify the 

research as objective basic research.

APPLIED RESEARCH
Applied Research includes all effort concerned with the application of 

knowledge, materials and/or techniques to the solution of specific military 

problems short of development activity. It may involve studies, investigations 

and the construction of breadboard hardware. The dominant characteristic of 

this category of effort is that it is directed toward identifying and 

evaluating the feasibility and practicability of new concepts, techniques or 

military materiel. The effort may lead to the formulation of OEOs and OERs.

PRELIMINARY DEVELOPMENT
Preliminary Development includes systems analysis, feasibility studies, 

trade-off studies and projects which require the development or use of 

hardware for technical evaluation or operational test as opposed to design and 

engineering of hardware for eventual military use. This category of effort 

will usually be undertaken in response to an 0E0 and be aimed at the 

formulation of an OER.

ENGINEERING DEVELOPMENT
Engineering Development includes all projects which require engineering, 

Lest and evaluation of systems, sub-systems or equipment for military use but
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for which production and deployment has not been approved. This category of 

effort will be conducted in response to an OER.

OPERATIONAL SYSTEMS DEVELOPMENT
Operational Systems Development includes research and development effort 

directed toward the acquisition of systems, sub-systems or equipment that have 

been approved for production and deployment. All activities in this category 

will be in support of procurement activity.

OPERATIONAL EQUIPMENT OBJECTIVE (0E0)
This document outlines a broad statement of military need for a system 

or equipment family. One or more concepts may be identifiable but the 

military, technical or cost feasibility will not be clear.

OPERATIONAL EQUIPMENT REQUIREMENT (OER)
This document is a clear, precise and detailed statement of the 

operational characteristics of the equipments and facilities which comprise 

the system, together with the personnel requirements.

TECHNICAL APPROACH (TA)
This document presents operationally, technically and financially 

feasible system options for accomplishing the objectives set forth in the 0E0.

SYSTEM PLAN (SP)
This document presents operationally, technically and financially 

feasible system options for accomplishing the requirements set forth in the

OER.
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ANNEX B

FUNCTIONS OF SENIOR OFFICERS 
WITHIN CANADIAN FORCES HEADQUARTERS

Vice Chief of Defence Staff. (VCDS) is responsible for operational tactical and 

strategic planning, intelligence, the defence programming system (IDP), force 

structure, operational concepts, equipment requirements, priorities for alloca

tion of resources, operational research, operational readiness, operational 

training, the reserves and cadets, national survival, civil emergency, flight 

safety and nuclear weapons.

Chief of Technical Services. (CIS) is responsible for policies and plans and 

their implementation relating to development, engineering, procurement and in

stallation of equipment, the supply system for all materiel needs, the movement 

of all materiel and personnel, the construction, maintenance and operation of 

all accommodation and for some aspects of telecommunications.

Scientific Assistant to CTS. (SA/CTS) is responsible for supplying scientific 

and technical assistance to the CTS Branch by using all available DRB resources 

and other resources to which DRB may have access and for undertaking special 

studies as required by the CTS.

Deputy Chief for Engineering. (DCENG) is responsible for development, design, 

acquisition and manufacture of all equipment and systems and the technical 

direction and approval of design changes for all equipment.

Director General Systems Management. (DGSM) is responsible within DCENG for the 

formulation, implementation and management of all equipment acquisition projects, 

formulation of development policy, financial matters, engineering standards, 

services and procedures and the co-ordination of various sub-branch matters.

Director General Maritime Systems. (DGMS) is responsible in the field of mari

time equipment for development, systems engineering, acquisition, studies, test, 

evaluation, design authority functions, product improvement, technical advice, 

technical liaison and knowledge of appropriate technology.

29099—21
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Director General Aerospace Systems. (DGAS) has analogous responsibilities to 

DGMS in the aerospace field.

Director General Ordnance Systems. (DGOS) has analogous responsibilities to 

DGMS in the ordnance field.

Director General Communications and Electronics Systems. (DGCES) has analogous 

responsibilities to DGMS in the field of electronics and communications and in 

addition a responsibility for the operation of fixed communications facilities
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ANNEX C

FORMAL ORB/MILITARY RELATIONS

The following formal channels of communication exist between DRB and the 

Armed Forces:

Defence Council. The Chairman, DRB is a full member of the Defence Council 

and the Vice-Chairman is an associate member.

Chief of Defence Staff Advisory Committee. The Chairman, DRB is an associate 

member of the CDS Advisory Committee.

Defence Research Bool'd. The Chief of the Defence Staff, the Vice Chief of the 

Defence Staff and the Chief of Technical Services are members of the Defence 

Research Board.

Defence Research Council. The Deputy Chief Force Development is a member of 

the Defence Research Council.

Development and Associated Research Policy Group. See Annex M.

Scientific Assistants to the VCDS and the CTS. See Annex B for terms of 

reference for SA/CTS. SA/VCDS has essentially parallel functions within the 

VCDS Branch.

29099—21*



582 Special Commiilee

ANNEX D

FORMAL AGREEMENTS WITH ORGANIZATIONS OUTSIDE CANADA

The Armed Forces are involved in contributing to the following 

activities :

(a) The Technical Cooperation Program (TTCP)
This program was initiated by an exchange of notes between the 

governments of the US, UK and Canada in 1957-58, and Australia was 

admitted in 1965. Under the Combined Policy Committee, consisting of the 

Foreign and Defence Ministers of the member nations, current activity is 

largely confined to the sub committee on Non Atomic Military Research and 

Development (NAMRAD). The Defence Research organizations of the member 

nations are the participating specialist national agencies. Activities 

through the medium of sub groups consist largely of exchange of 

information, by means of correspondence, reports, meetings, symposia and 

the exchange of scientific personnel. Canadian Forces officers with 

appropriate technical qualifications are, by invitation of the National 

Leaders, members of a number of the sub groups and working panels.

(b) The NATO Conference of National Armaments Directors (CONAD)
This group, to which the DM/DND is the Senior Canadian representative, 

has the aim of coordinating military research, development and production 

activities between the NATO countries. The following groups report to 

the CONAD:

The NATO Air Force Armaments Group ;

The NATO Naval Armaments Group ;

The NATO Army Armaments Group ; and

The NATO Defence Research Group.

Formation of a fifth group, the NATO Defence Logistics Group, has been 

proposed and is at present under study. Each of the Armaments Groups is 

sub-divided into specialist sub groups in which representatives of 

interested nations meet to discuss mutual problems.



Science Policy 583

Although the ultimate aim of this activity is the shared development and 

production of armaments systems, studies and information exchange have 

heretofore been the principle benefit to participating nations.

(c) The ABCA Armies (Quadripartite) Standardization Group
This group is organized under the terms of the ABCA Basic Standardization 

Agreement and includes the armies of the US, UK, Australia and Canada, 

with New Zealand having Observer status under Australian auspices. Through 

the medium of some twenty-two specialist working groups the member armies 

exchange information regarding materiel and non-materiel matters and are 

thus afforded the means to influence and participate in each other's 

development and production activities. The group maintains close liaison 

with TTCP which is considered to have the prime responsibility in 

research matters.

(d) The Naval Tripartite Standardization Program
This program provides the machinery for the exchange of information 

regarding specified projects between the navies of the US, UK and Canada; 

however, it has been virtually dormant in recent years except in the area 

of Engineering Practices.

(e) The Air Standardization Coordinating Committee
This is the Air Force counterpart of the ABCA Armies Standardization 

Group. Unlike the latter, the Air group tend to exclude Research and 

Development in basic equipment from their common activities and 

concentrate upon standardization of procedures, tactics, materiel and 

servicing facilities.

(f) Bilateral Agreements
The principal Bilateral Agreements in which DND is involved are the 

Anglo-Canadian, the Franco-Canadian and (in an advisory capacity) the 

Development and Production Sharing agreement between DDP and the DOD in

the USA.
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(1) The Anglo-Canadian Committee on Cooperation in Research, Development 

and Production. The Armed Forces participate in this activity largely 

in support of DDP and DOI interests.

(2) The Franco-Canadian Agreement concerning Cooperation in Research, 

Development and Production of Defence Equipment. This agreement, 

formally ratified at the end of 1967, is also of prime interest to 

DDP and DOI.

(3) The Development and Production Sharing Agreement between DDP-DOD.

DND acts in an advisory capacity to DDP in this activity which has 

led to the securing of a number of US development contracts by 

Canadian companies. Canadian financial assistance where necessary 

is provided through Vote 5, under the supervision of the 

Interdepartmental Committee on Defence Export Development.
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ANNEX E

EXTRACT FROM 1964 WHITE PAPER ON DEFENCE

The following extract is taken from Section VI of the 1964 White Paper 

dealing with "Defence Research and Industry":

DEVELOPMENT
Development of military equipment within the Department of National 

Defence is the responsibility of the Armed Forces and represents specialized 

technological interests of the Services concerned. Actual development of 

such specific requirements, together with certain joint development projects 

under the auspices of standardization agreements with allied countries, is 

generally conducted in industry and is limited to items not available from 

other programs, domestic or allied. The result of conducting such develop

ment in industry is to improve industrial defence technology and thereby 

enhance the ability of Canadian firms to participate in co-operative 

development and production-sharing programs with allied countries.

With the co-operation of the Department of National Defence, the 

Department of Defence Production administers the Development-Sharing 

Assistance program in which military equipment and materiel is developed 

for potential use by the nation's allies. The projects are conducted entirely 

in industry and costs are shared between the Department of Defence Production, 

the industrial firm conducting the development and, in many cases, the 

military department of the allied country having an interest in the 

development.

For the future, a dynamic defence research and development program is 

an essential element of our defence policy. It is our intention not only to 

support it fully, but also to implement a gradual but consistent increase in 

the resources made available for such a program.
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ANNEX F

DND DEVELOPMENT POLICY
(Approved by Defence Council - February 1965)

PREAMBLE
1. Recognizing the necessity of development to meet equipment needs of the 

Services and its desirability, both as an element in the advanced technological 

education of Service technical officers and as a means of gaining detailed 

cognizance of the development activity of allied Services, the Department of 

National Defence will undertake development in accordance with the policy set 

down hereunder.

2. The primary reason for a Canadian Forces' development program is the 

provision of adequate equipment. A secondary but nevertheless important 

reason is the acquisition of technical knowledge. Because of the complexity 

and expense of modem equipment there will be few cases where major 

development programs are justified on Canadian requirements alone. The 

emphasis must inevitably be upon cooperative programs with Canada's allies 

and upon the purchase of suitable equipment from allied sources. Service 

technical officers employed in choosing, evaluating, maintaining and 

operating such equipment require a standard of technical proficiency which 

can only be obtained from direct contact with development programs.

Furthermore, an active development program is a prerequisite to receipt of 

much technical information from Canada's allies.

GENERAL POLICY
3. Under the general heading of Development, the Department of National 

Defence will undertake programs in the following categories:

(a) The development of new equipment and materiel to meet operational 

requirements.

(b) Participation with allied Service(s) in development projects of 

interest to the Canadian Services.
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(c) The improvement of existing equipment in order to increase its 

operational effectiveness and technical adequacy.

(d) Participation with allied countries in improvement of weapons and 

equipment of interest to the Canadian Services.

(e) Technical test and evaluation of systems, equipment and materiel to 

determine their suitability for adoption by the Canadian Services.

(f) Technical investigations relating to possible future systems and 

equipment.

4. It is fully recognized that an element of risk exists in many 

development programs. However, the risk will be reduced as far as possible 

by scientific, technical and operational assessments undertaken in order to 

estimate the operational effectiveness, cost and the extent to which existing 

engineering technology can cope with the foreseeable development problems.

5. While the primary criterion in deciding on new major development 

projects will be the Canadian military requirement, consideration will also 

be given in major new programs to the impact on Canadian industry. 

Furthermore, the impact of Canadian industry will be a factor in determining 

the overall level of the defence development program.

ELABORATION OF POLICY
6. DEVELOPMENT

(a) Development of New Equipment
In order that Canada, with comparatively small fighting forces, 

may make a worthy defence contribution, the Canadian Forces have need 

of the most effective modem weapons and equipment possible, 

consistent with financial, manpower and logistic limitations. This 

implies access to an active development source, either Canadian or 

foreign.
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Modern weapons and weapons systems are generally very complex 

and costly. For this reason Canada must depend largely on the 

developments of her major allies to meet most of the weapons 

requirements of the Armed Services.

Nevertheless there will be occasions when weapons and equipment 

required by the Canadian Services are not readily available from 

outside sources and can be provided only by Canadian development. On 

other occasions research will suggest possibilities for valuable 

military developments which it will appear most desirable to pursue, 

both for their value in meeting Canadian requirements and for their 

possible value to allied countries.

(b) Participation in the Development of New Equipment

Within the NATO alliance there is a strong desire to improve 

cooperation in military research, development and production. There 

exists an obligation and opportunities to participate in development 

under agreements with allied countries, especially in areas where 

Canadian skills and resources are a valuable asset to the project.

The accessibility of information on new development in allied 

countries is much more assured and more extensive if there exist 

Canadian programs relating to such developments.

(c) The Improvement of Existing Equipment

Because of the high cost of new equipment, or the inadequacy of 

existing equipment it is often necessary to make existing equipment 

more effective by modification.

(d) Participation in Equipment Improvement Being Undertaken Elsewhere

Where equipment in Canadian use or which is contemplated for 

Canadian use is proposed for improvement in allied countries, a 

program of development assistance in Canada may be desirable.
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(e) Evaluation of New Processes or Equipment
When information of new processes or nfcw equipment becomes 

available, the question often arises as to whether or not such 

innovations may be turned to Canadian military use, and if so, whether 

or not further development will be required. This question can 

sometimes only be resolved by Canadian test and evaluation.

(f) Technical Investigations Relating to Future Systems and Equipment
In order to be able to make the best selection of weapons and 

weapon systems and because of the present and increasingly great 

complexity of such equipments, theoretical studies and experimental 

investigations need to be made in various technical areas both for 

their value and in order to keep up to date on the state-of-the-art.

RISK IN DEVELOPMENT MINIMIZED BY TECHNICAL FEASIBILITY STUDIES
7. Where development projects involve only well-known and well-proven 

technology the element of risk incurred in meeting the required specifications 

should be small. However, modem military equipment is generally developed to 

meet specifications which strain at the very limits of the state-of-the-art 

involved. In such programs, success cannot be guaranteed and inevitably 

projects will occasionally have to be abandoned after having been carried to 

a considerable distance when it becomes clear either that the most advanced 

technology is still not adequate to enable the specifications to be met or 

else they can be met only at a prohibitive cost. In order to reduce the risk 

element as much as possible, all development proposals expected to involve 

significant cost should be:

(a) subjected, before initiation, to adequate studies of technical 

feasibility to determine whether there are any aspects of the 

development which may be beyond the limits of existing technology, or 

for which insufficient data is available for engineering design 

without applied research being conducted;

(b) kept under continuous review after initiation to assure orderly 

progress and early anticipation of actions which may be required;
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(c) subjected to cost effectiveness studies where applicable to determine 

if expected costs of development and procurement will justify the 

anticipated improved results.

8. The studies and reviews need to be done expeditiously since all delays 

that are imposed only serve to increase the element of risk.

ECONOMIC CONSIDERATIONS
9. Although the primary purpose of DND Development is to meet Canadian 

military requirements, it is seldom that a development project does not also 

contribute to broader Canadian economic objectives. Such economic impact 

needs to be taken fully into consideration in the justification of the overall 

level of defence development program and major new development projects.



Science Policy 591

ANNEX G

SUPPORT OF CANADIAN FORCES DEVELOPMENT PROJECTS 
BY DRB ESTABLISHMENTS

DRB laboratories are involved to a varying extent in projects in the 

Canadian Forces Development Program. A few projects are conducted entirely 

within a DRB establishment with the Forces input limited to statement of the 

requirement, provision of funds for materials, equipment and special facilities 

and assessment of the results against the requirement. There is however a larger 

number of projects in which individual scientists or scientific teams at 

specific establishments are involved as consultants, in assisting the Forces in 

monitoring a project being conducted by contract or in undertaking a portion of 

a larger project.

Appendix I provides a list of projects in which DRB establishments are 

involved together with an indication of the general area of activity and the 

degree of DRB participation. Not listed in the appendix are the projects under 

the general heading of Operational Research. In this area, the Defence Research 

Analysis Establishment, (DRAE) has assigned one of its two major divisions to 

the task of supplying operational analysis assistance directly to the operational 

staff. In this case, as distinct from projects aimed at hardware development, 

the major effort is applied by DRB scientists and officers of the Canadian 

Forces; the assistance and consultative services may be supplied by commercial 

contractors.
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APPENDIX 1 - ANNEX G

TECHNICAL FIELDS DRB PARTICIPATIONPROJECT TITLE

ASW Hydrofoil Ship Ships

Investigation and Ships, Aircraft,

Tests of Engineering Land Vehicles 

Materials and Armament

Blast and Shock Ships

Tests of Ships

and their Structures

Investigation of Ships

Non-destructive 

Methods of Boiler 

Examination

The concept of using hydrofoil ships 

in an ASW role was generated by DRB 

scientists in co-operation with the 

Forces. DRB establishments have been 

active in concept evaluation with a 

one quarter scale model (DREA), ana

lytical studies of the effectiveness 

in ASW (CARDE) and in metallurgical 

and corrosion problems (DREP). DREA 

will be involved to a considerable 

degree in providing engineering and 

analytical assistance in forthcoming 

ship trials.

DREP and DREA have participated in the 

past - largely on corrosion problems 

related to shipbuilding materials.

Models of ship components and full 

scale structures are subjected to 

shock tube tests and blast tests at 

DRES. Scientists from that establish

ment have also been used in a consulta

tive capacity on underwater shock tests.

This project has been completed at 

DREP. By means of the system developed, 

the time required for a complete boiler 

examination has been reduced to one

third.
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PROJECT TITLE

Miscellaneous 

Aircraft Projects

Torpedo Propulsion 

Batteries

Weapons and 

Ammunition Projects

Communications 

Projects

TECHNICAL FIELDS DRB PARTICIPATION

Aircraft Use of a control device for battery

charging, developed by DCBRE, is one 

instance of the involvement of a DRB 

establishment in this many-sided project 

aimed at the general improvement of 

aircraft systems.

Weapons and DCBRE has acquired an international

Armament reputation as a centre of expertise on

batteries and electrical power sources. 

The Establishment has conducted a great 

deal of work over the past 10 years on 

various types of torpedo batteries. 

Establishment scientists are consulted 

on the acquisition of batteries from 

commercial sources.

Several projects involving study, 

experimentation and development in the 

general field of ammunition are being 

conducted at CARDE on behalf of the 

Forces. In addition, CARDE scientists 

are involved in consulting roles on 

other projects in this field.

Of a total of eight current projects 

on military communications, DRTE is 

actively participating in the conduct 

and management of three and is employed 

in a consultative capacity on one other.
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PROJECT TITLE TECHNICAL FIELDS DRB PARTICIPATION

Electronic Warfare 

Projects

Target Detection A number of investigations have been 

and Electronic conducted by DRTE on the vulnerability

Warfare of communications systems to jamming,

on radio direction finding and related

Anti-Submarine 

Warfare Projects

Target Detection DREA, DREP, DRTE and, to a lesser 

and Electronic extent, CARDE are involved in a

Warfare variety of projects concerned with

underwater sound propagation and 

reception, signal processing, under

water equipment and target localization.

Stabilized Navigation

Horizon

Reference Bar

DRTE serves as a consultant on the 

development of this device which will 

assist in the approach and landing of 

helicopters on destroyer escort ships

Clothing, Textiles 

and Equipment for 

the Protection of 

Personnel

detection devices have received 

particular attention and in some cases, 

equipment designed and developed by 

DCBRE is in use or under trial in the

General DCBRE provides consulting services and

Equipment has devised some fabrics and tests for

fabrics used in personal equipment. 

Face masks and chemical and radiation

"'anadian and allied forces.
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A N N EX H

PARTICIPATION BY THE CANADIAN FORCES IN 
THE DOI DEFENCE EXPORT DEVELOPMENT PROGRAM

INTRODUCTION
In addition to the defence research and development carried out by the 

DRB and by the Forces themselves, there is a large amount of development 

effort being applied by Canadian industry under the Defence Export Development 

program of the Department of Industry. The Department of National Defence 

provides a significant level of support to this program.

PROGRAM CONTROL
Oversight of the program, including approval of individual project 

submissions, is maintained by an interdepartmental committee on which DND is 

represented by the Assistant Deputy Minister (Logistics) and DRB by the 

Deputy Chairman (Scientific). Supporting the committee are three advisory 

groups in the general fields of electronics, aeronautics and weapons. These 

groups have Canadian Forces officers as full-time members and are able to call 

upon the services of specialist officers as required. Project Review Groups 

are set up for the monitoring of some of the more complex projects in the 

program, these too, contain representation from DND.

ACTIVE DND PARTICIPATION
In the majority of the projects in the Defence Export Development 

Program, the DND activity is limited to the levels of participation outlined 

above. There are a number of projects, however, for which this department has 

been called upon to provide facilities, personnel, etc. for the test and 

evaluation phases:

(a) Extended Life Sonobuoy. A project undertaken under the Defence Export 

Development Program in 1964-65 to develop a longer life sonobuoy which, 

in quantity production would be cheaper than equipment currently in 

use in Canada and elsewhere. DND provided aircraft, flying time, and 

performance evaluation facilities during the summer of 1965.

29099—22
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(b) CL-89 Reconnaissance Drone. This project covers the development of a 

cruise missile designed to carry cameras and other sensors over a 

60 mile range. The Canadian Forces have participated extensively in 

trials of this equipment and there has been some DRB participation as 

well. The project management office at the peak of the trials activity 

was staffed by a total of 80 people provided by Canada, Britain and 

West Germany. Of these, Canada provided 35 (including 6 military 

officers). At present DND is providing 2 LtCol, 2 Majors and 1 Capt. The 

estimated total cost of the DND participation over a three year period 

(1962-1965) is $500,000.

JOINT DND/D0I PROJECTS

In addition to the projects noted above where there is DND participation 

in projects sponsored by DOI, there are projects where sponsorship may be 

shared between the two departments. The principal example is in the 

development of the CL-84, Tilt Wing, Aircraft. This Project was sponsored by 

DOI through development of the first prototype. The phase begun in 1968 will 

result in the production of three prototype aircraft for the more extensive 

engineering and flight trials necessary to obtain certification of 

airworthiness and for assessment against Canadian Forces requirements for 

V/ST0L aircraft.

The possibility of joint sponsorship of other development projects 

remains open.

GENERAL CONCLUSIONS

The DND contribution to the DOI Defence Export Development Program has 

been and continues to be an essential part of the program. While some 

dollar costs have been stated above, it is somewhat impracticable to 

evaluate the total DND contribution in these terms because detailed cost 

accounting systems differ or because cost accounting has not, in all cases, 

been applied by the agencies involved. With the exception of the CL-89 project, 

there has not been a continuing heavy strain on DND resources and in most cases 

this department receives value in the form of up-to-date information on new 

technical developments and is thus enabled to maintain a high level of expertise 

among the technical personnel involved.
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ANNEX I

REGIONAL DISTRIBUTION OF DEVELOPMENT CONTRACTS

TABLE 1 - Breakdown by Industrial Sectors

FY 65/66 FY 66/67 FY 67/68

$000's $000's $000'S

Sector

Aerospace 12,466 19,455 5,722

Electrical & Electronics 11,172 4,076 5,841

Shipbuilding 339 244 163

Armament & Vehicles 407 563 61

Project Management N/A N/A 7,149

General 226 247 109

TOTAL 24,610 24,585 19,045

TABLE 2 — Breakdown by Region

3 year average for 1965 to 1968

$000's

Region

British Columbia 82

Prairies 73

Ontario 17,993

Quebec 4,046

Atlantic 552

TOTAL 22,746

NOTE: It should be emphasized that the figures are based on contract awards 

and not cash flow and that the figures are, heavily influenced by a 

i small number of large awards to major companies.

29099—221
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ANNEX

PERSONNEL STATISTICS

A. Civilian Officers
Level

Country
Canada

USA

Bi rth 
3 

2

Sec. Ed.
3

2

Higher Ed.
2

Years since graduation (average) 13.6 

Years employed by DND (average) 10.8 

Age (average)

% Bilingual

43.0

0

Bachelors Degree Level

Country Birth
Canada 45

UK 13

USA 1

Europe 3

Sec. Ed.
53

8

Higher Ed.
53

7

2

1

3

Years since graduation (average) 16.3 

Years employed by DND (average) 7.5 

Age (average) 50.0 

% Bilingual 18.2

Other Professional Qualification

Country
Canada

UK

Australia

Europe

Bi rth
1

22
1

4

1

Sec. Ed.
1

23

1

4

Higher Ed.
1

23

1
4

I
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Years since graduation (average) 22.3

Years employed by DND (average) 12.4

Age (average) 49.2

% Bilingual 17.2

Overall Professional Civilian Statistics 

% employed by industry at some time 72.0

% on staff of universities at some time 3.4

% on staff of provincial departments or agencies at some time 3.9

% on staff of other federal agencies at some time 12.0

B. Military Officers
No. of officers considered 308

No. holding degrees or equivalent professional qualifications 202 

Years since graduation (average) 12.7

Age (average) 39.3
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EXPENDITURES ON $000's DEVELOPMENT ACTIVITIES

Functions 62/63 63/64 64/65 65/66 66/67 67/68 68/69

Support of R & D in Industry

(a) Development 10,200 12,500 17,800 30,900 17,500 13,000 16,500

(b) NETE (Note (a)) 700 750 800 850

Intramural Costs

(a) LETE (Note (b)) 2,400 2,500 2,600 2,700*

(b) AETE (Note (b)) 6,600 6,800 7,200 7,500*

(c) Eng. Sub-Branch (Note (c)) 1,200 1,200 1,200 1,200*

41,800 28,750 24,800 28,750

Note (a) Will continue at a similar level 

Note (b) Activities under review 

Note (c) Very approximate

All expenditures fall in the Scientific Discipline "Engineering and Technology" and in the Area of 
Application "War and Defence".

* Estimated.
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A N M E X L

REQUIREMENTS DEFINITION AND PROJECT FORMULATION

The processes of Requirements Definition and Project Formulation are the 

stages which involve the decision as to whether development activity will be 

initiated. These'stages are briefly described in the following paragraphs.

A flow diagram illustrating the process is shown in Appendix 1.

REQUIREMENTS DEFINITION
The need for committing a requirement to paper will usually be recognized 

in staff discussions between the VCDS and CTS Branches. If the technical and 

cost feasibility of meeting the need is not clear or if there is a clear need 

for detailed analysis, an Operational Equipment Objective (OEO) will be 

written. This will contain only a broad statement of military need and impose 

the minimum constraint upon the study of options. The responsibility for 

approving OEOs and OERs rests with the VCDS Branch although they must be 

developed in close consultation with the technical experts of the CTS Branch 

and the scientists of DRB.

On receipt of an approved OEO from the VCDS, the CTS Branch is 

responsible for preparing a Technical Approach (TA). The TA describes system 

options which are operationally, technically and financially feasible; the 

information relates to the entire system life cycle and it covers trade-off 

studies of cost versus time and cost versus performance. A good deal of 

analysis is required and inputs are needed from staff elements throughout CFHQ 

and DDF.

The first phase of the preparation of a TA involves the identification 

of the options which warrant further detailed study. One or more of the 

following options may be identified:

(a) Currently Available Equipment of Known Performance
On the basis of knowledge within CFHQ, it will usually be possible to 

identify systems or equipment which are currently available and for 

which adequate cost and performance data are either available or easily

obtainable.
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(b) Procurement of Available Equipment or Equipment Under Development 
for Evaluation
In some cases, it will be possible to identify systems or equipment 

which are available and which may fill the need but for which 

sufficient cost and performance data are not available to make 

comparisons with other options. To obtain the necessary performance 

data, it will be necessary to procure a small number of the equipments 

and perform engineering and/or user trials.

(c) Initiation of Preliminary Development
If it is apparent that no available system or equipment will meet the 

need, it may be necessary to consider initiating development activity. 

At this stage, it will take the form of Preliminary Development and it 

will be aimed primarily at demonstrating operational and technical 

feasibility rather than developing hardware for ultimate Service use. 

It may be confined to analytical studies or it may involve "breadboard 

engineering or quite complex engineering models. The principal aim 

will be to obtain sufficient data to allow adequate cost/effectiveness 

comparisons with other options and to ensure that the risks are 

sufficiently small to justify a recommendation for Engineering 

Development or Acquisition (including Operational Systems Development)

(d) Initiation of Joint Development
It may sometimes be possible to identify at this stage the possibility 

of development in collaboration with another Government Department or 

with an allied country with a view to meeting joint requirements.

(e) Initiation of Applied Research
If a survey of the field indicates that no system or equipment is 

either available or under development and if it is not considered that 

development can be initiated in Canada without further technological 

advances, it may be necessary to request DRB or some other agency to 

initiate applied research to develop new technology.
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If options covered only by (a) or Q>) above are identified, it will be 

possible for the CTS to respond to the OEO relatively quickly with details of 

specific options and cost/effectiveness comparisons. If it is considered that 

no easily definable options can be identified, the response will also be 

relatively rapid and indicate that either further consideration will have to 

be given to the operational concept or that hardware acquisition must await 

specific advances in technology.

The Preliminary Development may be completed in a short time if only 

analysis or modest evaluation is required or it may take several years when 

major hardware activity is involved. When it has been completed, the TA is 

prepared and particular care is needed to re-investigate progress in other 

countries during the time required for the Preliminary Development activity. 

The TA is then used by the VCDS as the basis for the preparation of an OER.

PROJECT FORMULATION
As already stated, OERs are detailed statements of the equipment, 

facilities, organizations and manpower which constitute operational systems. 

They do not identify specific pieces of equipment but state the required 

performance in ranges of acceptable values or performance envelopes. It is 

important that the Requirements Definition leading to the OER shall have 

determined that, if development is still required, it will be primarily of an 

engineering nature (i.e., Engineering Development) and that the necessary 

technology is available.

The process of Project Formulation leads to the preparation by the CTS 

Branch of a System Plan (SP) which identifies all the system options which 

may satisfy the OER and provides sufficient information for a choice to be 

made. The SP may reject a number of options and may concentrate on one (or a 

few) feasible options. It contains details of the total cost and resource 

requirements for system acquisition and life cycle operation so that informed 

decisions can be made. It covers Engineering Development, production and 

Operational Systems Development when appropriate.
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The material contained in the SP is used by the VCDS Branch to prepare 

a Program Change Proposal (PCP) which recommends a specific course of action 

for improving operational capabilities. Approval of the PCP and introduction 

of the item in the IDP represents the key decision to proceed with the 

acquisition of equipment and its associated support.
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APPENDIX 1 - ANNEX L

Technical
Inputs

Identification 
of Need

Feasibility 
. not Clear

Draft 0E0

Review and 
Concurrence

Feasibility
Clear

Approved 0E0

Technical
Approach

Select Option

Draft OER

Review and 
Concurrence

Approved OER

System Plan

Select Option
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ANNEX M

DEVELOPMENT AND ASSOCIATED RESEARCH POLICY GROUP

COMPOSITION
Chairman - Chief of Technical Services (CTS)

Vice-Chairman - Deputy Chief Engineering (DCENG)

Members - Assistant Deputy Minister (Logistics) (ADML)

- Assistant Deputy Minister (Operations) DDP

- Deputy Chief Force Development (DCFD)

- Deputy Chief Plans (DCPLANS)

- Deputy Chairman (Scientific) DRB (DC(Sc)/DRB)

- Scientific Assistant to CTS (SA/CTS)

- Director General Programs (DGPROG)

- Director General Budget and Finance (DGBF)

Secretary - Director Project Formulation (DPF)

TERMS OF REFERENCE
1. The Group will be advisory to the Chief of the Defence Staff through the 

Chief of Technical Services on all matters relating to development and 

associated research.

2. It will meet at the call of its Chairman to:

(a) review and make recommendations regarding DND policy for development;

(b) examine and approve proposals for new or revised projects or programs 

for development and/or associated research submitted by the Canadian 

Forces and the Defence Research Board, for inclusion in the Integrated 

Defence Program;

(c) provide the basic screening of Development Estimates each year;

(d) formulate directives and procedures for the efficient handling of 

development and related activities, including a review procedure for 

continuing programs.
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ANNEX N

PROMIS

One of the management "tools" of the Technical Services Branch is a 

Project Management Information System called PROMIS. The system was devised by 

a firm of management consultants, Peat, Morwick, Livingston and Company under 

contract and is intended for application to a much wider range of projects than 

those included in the Development Program. It has been taken into use only 

since the beginning of 1968 and is being applied to approximately 30 projects 

of which only five involve development: the remainder are concerned with the 

acquisition of major items of defence equipment.

In essence, PROMIS is a reporting system by means of which periodic 

summary reports on costs and schedules are made available to senior management 

on the status of major projects. Provision is also made for reporting on request 

or by exception with the latter action being taken in the event of overruns on 

slippages. Reports are made to lower levels e.g. Director and Project Managers, 

as well as to senior management.

Examples of development projects being reported upon under PROMIS are the 

Hydrofoil Project and the development of the l£ ton high mobility truck.
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DEVELOPMENT PROJECTS

Technical Field

Ships

Aircraft and

Aerospace

Vehicles

Project Title

ASW Hydrofoil Ship - FHE 400
Ship Machinery Design and Improvement
Investigation and Tests of Engineering Materials
Shipboard Electrical Power Systems
Quick Securing Device for Helicopters
Ship Noise Reduction
Blast and Shock Tests, Ships and their Structures 
Development of Equipment for Replenishment at Sea

Proiect Schedule - Years
62 63 64 65 66 67 68 69 70 71 72 73

Recurring
Recurring

Recurring

Miscellaneous Aeronautical Studies 
CHSS-2 Sea King Modernization
Operational Assessment of a Tilt Wing VSTOL Aircraft - CL-84 
CHSS-2 Ice Protection System
Recce/Surveillance Electronic Sensor Package System - CF 5 Aircraft 
Twin Engine UTT Helicopter
Integrated Flight System and Heads Up Display 
Pressure Altimeter
Automatic Landing System and Couplers

Recurring

Military Truck Utility, High Mobility lk Ton
Vehicles Minor Engineering Tasks. Vehicle and Mobile Engineering Equipment

Kits for Truck Utility, High Mobility lk Ton
Recurring
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Technical Field

Weapon Systems 
and Armament

Cormuni cations

Project Title

Anti-Submarine Weapon Improvement
Minor Engineering Tasks. Ammunition, Mines and Demolition Stores
Torpedo Propulsion Batteries
Provision of Armour Plate
Signal Underwater Sound
Short Range Air Defence Weapon System
High Performance .50 in. cal AP Ammo
Smoke Generators and Markers
Minor Engineering Tasks. Ground Environmental Weapon Systems

Miniature Tape Recorder - Reproducer 
Improvement of VHP/UHF Communication 
Antenna Model Studies 
Position Indicating Message System
Analysis and Abatement of Radio Frequency Noise and Interference 
Improvements to RCN Communications 
Project MALLARD
Tactical Satellite Communication Program 
MF/HF Common Antenna

62 63 64 65 66 67 68 69 70 71 72 73
Project Schedule — Years

Recurring
I IRecurring I IRecurring

Recurring

Recurring

Recurring

Recurring
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Technical Field Project Title

Target Detection Sound Absorbent Material Studies 
cmd Electronic Transducer Array Studies 
Warfare ASW Area Surveillance

Airborne ASW Data Reduction and Classification Equipment 
Magnetic Anomaly Detection
Shipborne Radar Performance Monitoring Equipment 
Vulnerability of Spread Spectrum Communication Systems to ECM 
Engineering Studies and Investigations of ASW Detection and 

Localization Systems 
Sonar Signal Processing 
Miniaturized Sonobuoy 
Feasibility of a Ground Scatter Jammer 
Shipborne Passive Surveillance System 
Sonobuoy Communication Improvements 
VDS Tow Cable Development 
Shipborne ECM Antenna Development 
Radar Illumination Detector 
Sonar AN/SQS 505 Development 
Search Sonar AN/SQS 505 
Airborne Classification of Sonar Signals 
Shipboard ASW Computer Programming Studies 
Miscellaneous Underwater Equipment Studies

Project Schedule — Years
62 63 64 65 66 67 68 69 70

R !cur ring

Recurring

R
R
ecur
ecur

ring
ring

71 72 73

610 
Special Com

m
ittee



290!

Technical Field

Target Detection 
and Electronic 
Warfare (Cont’d)

Navigation

Electronics and

Electrical

Equipment

Project Title

ABCA Sound Ranging System
High Frequency Direction Finding
Development of a 0.001 Gamma Magnetometer System
Sonar Studies Phase II

Moving Map Devices 
Navaid Target Computer 
Stabilized Horizon Bar

62 63 64 65 66 67 68 69 70 71 72 73
Project Schedule — Years

Electronic Research and Development Committee
Engineering Tasks Associated with Improvement of Electrical and 

Electronic Equipment
Electrical Power Supplies for Aerospace Support

Recurring

Recurring

Training Tutor Operational Flight Trainer
Equipment

Science Policy 
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Technical Field

Equipment

General

Project Title

Clothing Textile and Personal Equipment 
Institute of Aviation Medicine Projects 
C and B Warfare Defence Equipment 
Nuclear Warfare Defensive Equipment 
Photographic Equipment Development
Tech. Investigations of Materials, Supplies Packaging Procedures 

and Food
Minor Engineering Tasks. Miscellaneous Field Equipment 
General Stores
Integrated Walking Out Dress 
Life Support Projects 
Supersonic Tumbling Aerofoil

Project Schedule - Years
62 63 64 65 166 | 67 6ft 69 70 71 7? 77—r^H—

Recurring 
1 1Recurring 
1 1Recurring 
1 1Recurring 
1 1Recurring

Recurring 
1 1

Recurring
1 1Recurring

Recurring
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Special Com

m
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Technical Field Project Title
62 63 64

Operational

Research

Studies

Automation of War Games
Combat Intelligence System Studies
Studies of Land Operations in Limited Visibility
System Requirements for Tactical Air Operations
Miscellaneous Analysis
Terrain & Intervisibility Analysis
Composition of Future Maritime Forces
Arctic Investigations
Computer Model for the Analysis of Transportation Support 

Mobile Forces
Field Force Logistics Study 
Computer Rental for OR Investigations 
Requirements for Aids to Amphibians
Study of Tactical Automatic Data Processing Systems for 

Land Forces

Project Schedule — Years
65 66 67 68 69 70 71 72 73

Recurring
I IRecurring
I IRecurring

Recurring

Miscellaneous Provision of Test Laboratory Material Equipment 
Ships' Reliability Studies
Modernization of NRC Navigation Instrument Laboratory 
Feasibility & Project Definition Studies 
Procurement & Evaluation of Available Equipment 
Miscellaneous Projects for ASW Special Project Unit

Recurring
I IRecurring

Recurring
I IRecurring 
I IRecurring
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Technical Field

Miscellaneous 
(Cent* d)

Project Title

Project Initiation 
Freight & Custom Charges
Re-equipment of Primrose Lake Evaluation Range 
Air Evaluation Facilities Equipment Program

Project Schedule - Years
62 63 64 65 66 67 68 69 70 71 72 73

R
R

R

ecurring
ring

ring
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ANNEX P

NAVIGATION SET, LAND.'VEHICULAR (NAVAID)

The primary objective of the project was to develop a self contained 

device to assist tank commanders to guide their vehicles in conditions of dark

ness or poor visibility. The scope was subsequently broadened to include 

guidance of other vehicles and to provide a means of rapid and accurate 

position reporting.

The project was initiated more than 10 years ago and the first experimen

tal models were produced in 1958 and evaluated by the Armoured Corps School.

On the basis of this evaluation, models for user trials were produced and 

evaluated under more stringent training conditions by a field unit. In the 

early 1960's approval was given for the production and issue of the NAVAID to 

all field units and subsequently, models were loaned to other nations under the 

ABCA Standardization agreement. The system is now being produced in Canada for 

use by British and US Forces.

Development costs of the project were approximately $170,000 including 

costs of the user trial models. The project has resulted in procurement for 

the Canadian Forces to a value of just under $2.0 million.

No major difficulties were encountered during the course of the develop

ment and the project is generally considered as being completely successful.
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ANNEX Q

ANTI PERSONNEL MINE DEVELOPMENT

The initial objective of this project was the development of a family of 

mines for the Canadian Army. However, with the change in the Canadian Army 

structure it was subsequently decided to proceed only with the Anti Personnel 

type and the associated practice and drill versions.

The project which was initiated in 1953 was based on a British War Office 

Specification. The first models for engineering and user trials were available 

about 2 years later. The success of these trials resulted in requests from the 

US, UK and West Germany for quantities to evaluate the performance against their 

military requirements. The mine successfully passed all the acceptance trials 

and has now been standardized in Canada, US, UK and West Germany.

The development cost for the "live" mine (designated C3) was $67,500.00 

while that for the practice and drill versions was $15,000.00 giving a total 

project cost of $82,500.00. To date, procurement for the Canadian Armed Forces 

has amounted to approximately $125,000.00.

Foreign sales have thus far been confined to the UK and amount to a value 

of approximately $1.6 million; negotiations for an additional purchase are now 

underway.

No major difficulties were encountered during the development of these 

mines. This type of store required extensive environmental test programs to 

prove the operational and safety features ; this accounts for the relatively 

slow progress. All development was terminated in 1964.
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ANNEX R

SUPPORT KIT OVERHEAD PROTECTION (SKOP)

The primary objective of the project was to develop a 2-man trench 

shelter kit which would not weigh more than 2 pounds and would not degrade the 

soldiers combat effectiveness. This item was to replace the 180 pounds of 

revetment material and equipment previously required to achieve the same purpose.

Initial studies were commenced in 1955 and by 1961 the concept developed 

was adapted by both the Canadian Army and the ABC group. Further development 

resulted in the item being accepted for operational use by the Canadian Army in 

1963 and in 1964 a contract for 14,000 SKOP kits was awarded. However, the UK 

who had access to reports of the Canadian concept and, by applying greater 

development effort, were able to overtake the Canadian development; by 1964 

they had produced a Kit, Individual, Protection (KIP) which was adopted by the 

Australian Army in 1965.

Development costs for SKOP were approximately $67,000 and the procurement 

contract for 14,000 kits for the Canadian Army was approximately $100,000. (It 

should be noted that it was originally planned to purchase 100,000 kits at an 

estimated cost of $500,000). The current situation is that Belgium, West Germany 

and the US have acquired small quantities of SKOP for evaluation purposes and 

inquiries have been received from Denmark and Israel.

The degree of technical success achieved by this project is demonstrated 

by the level of interest displayed by the NATO countries and in particular by 

the UK who were able to develop the concept into a marketable item and go to 

production with KIP prior to the actual Canadian production of SKOP.

It would appear that the difficulties encountered in successfully produc

ing a marketable product could be attributed to the lack of a definite policy 

on field defences which resulted in delays in the acceptance of the concept. 

Although there is a current product improvement project for SKOP, staff short

ages since 1965 have slowed work on this project.
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ANNEX S

THE BEARTRAP - HAUIDOWN
RAPID SECURE AND MOVING SYSTEM FOR HELICOPTERS

In anti-submarine operations in the Canadian Forces, the area of effec

tiveness of our ships has been greatly enhanced by the addition of helicopters 

to the fleet. Problems arose however, in the handling of these helicopters in 

preparation for take-off or in landing due to the smaller size of the landing 

area on destroyers and the relatively greater degree of motion of the small 

ship, than would be the case in operations based on an aircraft carrier such as 

the Bonaventure. To overcome these difficulties, a project was initiated in the 

late 1950's with the objective of the development of a device for securing a 

helicopter to the landing platform immediately upon touching down and including 

a means of moving the helicopter from the point of touchdown into the hangar, 

(or in the reverse direction in preparation for take-off), with the helicopter 

restrained from sliding and toppling.

Since statement of the objective in July 1958, the objective itself has 

not been changed. However, the system required to attain it has evolved during 

the course of the development.

The program began with a study of basic schemes and the initiation of a 

design competition in Canadian Industry. This competition was won by Fairey 

Aviation of Canada and a contract was awarded for the construction of a proto

type "beartrap" and matching helicopter probe assembly. At about the same time, 

trials were conducted at the Sikorsky Aircraft Company to prove compatibility 

of the CHSS-2 "Sea King" helicopter with the haul-down technique. In early 

1963 sub contracts for the haul-down winches and traverse assembly were awarded 

to Dowty Equipment Limited and assistance in design of the control system was 

obtained from the National Aeronautical Establishment of NRC. In late 1963, the 

prototype equipment was installed in HMCS Assinaboine then undergoing conver

sion on the West Coast. Flying trials and other trials of the system were 

commenced and, despite a number of difficulties which might have been expected 

with such a completely new concept, the system concept was successfully proven
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by the late summer of 1964. Refinements in design found to be necessary as a 

result of trials of the prototype system were incorporated in the designs for 

production and contracts were let in the fall of 1964 for beartrap and winch 

systems for eight additional ships.

Trials continued with production equipment and with modifications and 

additional equipment to cater for night time and rough weather operation. By 

the end of 1967, all trials were considered as complete and the system proven 

for full operational use.

The development cycle for the "beartrap" system might appear at first 

glance, to be unduly long (nearly ten years). This is not the case, however, 

when the complexity of the task is considered. Many development projects are 

adaptations, major modifications, design refinements, etc. of existing systems 

or techniques but in this case, a new concept i.e. an invention, had to be 

devised, produced and made to work reliably in adverse conditions. All of these 

challenges have been met successfully.

The total cost of development and prototype procurement was $700,000.00. 

The total cost for the 9 ship sets for the 205/265 classes was $1,832,000.00. 

The cost estimate for the 4 ship sets for the DDK 280 class is $2,060,000.00.

Up to the present time the USN, the US coast guard and the Japanese 

Defence Forces have bought one system each for evaluation purposes. As well, 

the West German Navy has also procured two systems for a smaller helicopter. It 

is hoped that large foreign orders will result.
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ANNEX T

RADAR SET AN/MPQ-501 
(Counter Mortar Radar)

The original objective of this Project was to develop a K-Band radar 

capable of detecting a mortar bomb in flight with a view to extrapolating from 

the information so obtained in order to deduce the location of the mortar which 

fired the bomb.

The basic aim remained unaltered throughout the life of the project but 

at an early stage, the decision was taken that every effort should be made to 

keep abreast of progress in technology as well as changes in military require

ments by incorporating in successive model changes which resulted from a product 

improvement program being conducted simultaneously by NRC. Thus, for example; 

the original model operated on a wavelength of 1.25 cm whereas subsequent 

models operated at 1.87 cm; a polarizer was added to later models to improve 

performance in rain; and, a number of configurations were produced which 

permitted mounting and operation on a Bren Gun Carrier, a 2\ ton truck, a 

British Saracen armoured personnel carrier (APC), a Canadian Bobcat APC, the 

US M113 APC and finally, the US M113A1 APC.

Development commenced soon after World War II with experimentation, 

design and fabrication by the National Research Council of a model operating at 

a wave length of 1.25 cm and capable of being mounted on a Bren Gun Carrier.

This was followed in 1951 by a model operating from a Saracen Armoured Car which 

was subjected to limited user trials. Subsequent production prototypes were 

built at Canadian Arsenals and given more extensive user trials in the late 

1950's. Production was started in 1961 and models have been procured by Germany 

and Italy for purposes of evaluation.

The length of the development cycle was the result of a combination of 

factors,the most significant being the loss of expertise and production 

facilities which followed the cessation of radar set production at Canadian

Arsenals Limited.
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The AN/MPQ-501 Radar is now in service with the Canadian Forces. It 

materially exceeds the stated military requirements it was built to satisfy 

and is the only such radar in the world today which incorporates an effective 

polarizer to permit operation in rain, snow and fog. In these respects it is 

significantly more effective than its US and British counterparts.

The total direct cost for development and the production of twelve equip

ments was approximately $5,333,000.00. This total does not include costs 

incurred for field and demonstration trials or for the support received from 

Government Agencies other than NRC.

Two AN/MPQ-501 radars were sold; one each to Germany and Italy. These 

were subjected to trials and were well received by the military staffs. The DND 

contribution to the sales effort included demonstrations, maintenance support 

and the training of officers, operators and maintenance personnel in Canadian 

Army Schools.

The AN/MPQ-501 Counter Mortar Radar development has now been terminated 

in conjunction with the introduction into service of the equipment. In the light 

of significant changes in state-of-the-art and military requirements, no 

further development is planned in this area.
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ANNEX U

MARCONI DOPPLER RADAR PROJECT

In response to an RCAF requirement for a more accurate, dead reckoning 

navigation system a joint RCAF/DRB project was initiated in 1952 with the 

objective of development of a light weight aircraft navigation system which 

would automatically measure aircraft ground speed and drift angle. In the origi

nal concept it was intended that the system should be developed especially for 

the CF-100 aircraft; this aim was later broadened to include, Maritime Patrol, 

Transport, and more advanced interceptor aircraft as well.

At the outset, two approaches were taken with DRB investigating new con

cepts and the Canadian Marconi Company under an RCAF Development contract, 

investigating improvements to systems developed elsewhere. Broadening of the 

scope of the project brought about some re-direction and by 1956, Canadian 

Marconi had succeeded in producing a dual antenna system, incorporating a 

Frequency Modulation technique which constituted a major technical breakthrough. 

Prototypes were flight tested over the next two years and procurement for 

service use commenced in 1958.

The project is considered as completely successful in that all objectives 

were attained and the military requirements satisfied. Development costs were 

slightly under $1,000,000.00 and procurement for the Canadian Forces totaled 

approximately $12,000,000.00.

Following on from the successful development sponsored by the Canadian 

Forces, the company was granted further development assistance under the Defence 

Export Development Program of the Department of Industry. This assistance cost

ing approximately $5,000,000.00 resulted in foreign sales of the Marconi 

Doppler Radar totalling $130,000,000.00.



ANNEX V

EXPENDITURES ON TESTING AND STANDARDIZATION ACTIVITIES 
$000's

Function 63/64 64/65 65/66 66/67 67/68 68/69
Note (a)

Quality Assurance Division

(a) Personnel 6,486 6,224 6,655 6,799 7,331 7,052

(b) Other 0 & H 652 640 651 589 645 988

(c) Capital 191 190 228 198 158 835
TOTAL 7,337 7,054 7,334 7,566 8,134 8,875

CAMESA

(a) Personnel 267 278 290 306 275 286

(b) Other 0 & M 580 497 572 391 156 26
TOTAL 847 775 862 697 431 312

DESS

(a) Personnel 128 131 136 140 144
GRAND TOTAL 8,184 7,957 8,327 8,399 8,705 9,331

(a) Responsibility for the CAMESA laboratories was transferred to QAB in 67/68.

Science Policy 
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AN HEX I

SUPPORTING DATA ON CAMESA

FUNCTIONS

The present role of CAMESA is to provide a service to the Canadian Forces 

in support of procurement and maintenance of electronic equipment and material. 

This service involves the following basic functions:

(a) Applications Engineering.

(b) Document Provisioning.

(c) Qualification Approval Management.

(d) Reliability Assessment.

(e) Laboratory Program Management.

(a) Applications Engineering

As part of the application engineering function CAMESA provides advice 

and makes recommendations to the Canadian Forces Design Authorities, concerning 

the application of electronic parts in military equipment. This frequently 

involves the evaluation and assessment of non-standard items which have been 

proposed for use in specific military equipment, the screening of procurement 

lists and the investigation of field failures. As a back-up for this function 

CAMESA has a library of approximately 10,000 test reports resulting from CAMESA 

"in-house" test programmes, and in addition has available 25,000 microfilm 

reports provided through the Inter-Agency Data Exchange Programme (IDEP). In 

the event that the screening of existing technical data does not provide the 

necessary assurance that the part under consideration is suitable for the 

intended application; CAMESA has at its disposal a test laboratory capable of 

performing any type of performance or environmental test which would be 

appropriate for the particular circumstance.

(b) Document Provisioning

CAMESA is responsible for writing, coordinating, and promulgating speci

fications and associated documents which are used for the procurement of 

electronic parts and associated materials and electrical items required by the 

Canadian Forces. Currently, CAMESA administers approximately 4,000 individual
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documents in this category. For a number of years, it has been the Department 

of National Defence policy to use United States "Mil" Specifications wherever 

possible to satisfy Canadian Military requirements. CAMESA prepares documents 

only in those areas where US Military documents do not exist or where they are 

unsuitable for Canadian Defence needs. This policy is considered reasonable in 

view of the close similarity between the defence requirements of the two 

countries. To facilitate the use of US prepared "Mil" Specifications in Canada, 

CAMESA has issued a support document identified as JCNAAF-A-222 which defines 

the administrative procedures for the use of these documents in Canada. In 

addition, CAMESA has established an extensive coordination programme with the 

Canadian Forces, Canadian Industry and the US Specification Development Agencies. 

This coordination programme is designed to keep the Canadian Forces and the 

Canadian Industry informed of changes being made to military documents and to 

provide them with an opportunity to participate in the development of the 

documents. In addition to providing procurement specifications, CAMESA is 

responsible for standardization and has published preferred parts lists as a 

guide for the selection of items in an attempt to reduce military logistic 

support requirements.

(c) Qualification Approval Management

Most military procurement specifications for electronic parts require 

the prospective supplier to obtain Qualification Approval for his product in 

advance of and independent of any procurement action. Qualification Approval 

is a design approval only and does not assure the quantity of the product 

coming from the production line. The quality of the product from production is 

controlled by acceptance inspection procedures which are also defined in most 

military specifications. CAMESA is responsible for the management of the 

Qualification Approval programme. Under present policy qualification testing 

may be performed at one of three types of laboratories which have been pre

viously approved by CAMESA:

(a) a manufacturers "in-plant" laboratory;

(b) an independent commercial laboratory;

(c) a government laboratory.
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For some time, the trend has been towards maximum utilization of the 

"in-plant" laboratory. While there are direct economic advantages to DND when 

the qualification tests are performed at the applicant's expense, the chief 

reason for introducing this policy was technical rather than economic. It is 

believed that manufacturers of electronic parts who possess an "in-house" 

qualification testing capability will be in an inherently better position to 

provide the Canadian Forces with high quality items than are those manufacturers 

who are unable to perform their own development and control tests on their 

product. It is also believed that this "in-house" testing capability is signi

ficant in enhancing a manufacturers potential to participate in the export 

market where the demonstration of performance is being demanded to a greater 

and greater extent. Currently, there are 35 "in-plant" laboratories approved 

for performing tests to 50 different specifications. The qualified products 

list resulting from the qualification programme covers approximately 125 

component classes with 12,000 individual listings. In conjunction with the 

national qualification programme, CAMESA administers the US-Canada agreement 

for reciprocal acknowledgement of qualification approval and a similar 

agreement with other NATO countries.

(d) Reliability Assessment

In the area of reliability, CAMESA coordinates and promulgates documents 

which are required in support of the electronic parts programme. Until recently, 

CAMESA operated a very sophisticated testing programme related to the establish

ment of quantitive reliability requirements for electronic parts. Work on this 

test programme has been suspended.

(e) Laboratory Programme Management

A comprehensive laboratory testing capability is required to support the 

CAMESA programme. This laboratory support has been provided to CAMESA by the 

Ontario Hydro for many years under contract. The contract with the Ontario 

Hydro has now been discontinued and all CAMESA testing is being performed in 

a government laboratory operated by the Quality Assurance Branch, of the 

Department of National Defence. This laboratory is used:

— to perform evaluation tests required in conjunction with the CAMESA

application program —
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— to perform qualification approval audit tests —
— and to perform qualification tests on specific products exempted from the 

"in-plant" test program.
CAMESA continues to have the responsibility for the quality and acceptability 

of all test laboratories utilized for Qualification Approval testing. This in

volves certification of the testing laboratory and establishment of adequate 

correlation and calibration requirements.

TERMS OF REFERENCE
See Appendix 1 to this Annex.

FORMAL AGREEMENTS
CAMESA is involved in two formal agreements with the USA:

(a) "US/Canada agreement for Qualification of Products of Non-Resident 

Manufacturers" details of which have been issued in DOD instruction 

2045.2 dated 23 April, 1968; and

(b) the involvement of CAMESA in US/Canada defence economic co-operation 

is recognized by the following quotation from the US Defence Standard

ization manual 4120-3M: "The Canadian Military Electronics Standard

ization Agency (CAMESA) will be furnished in consonance with DOD 

Directive 2035.1" Defence Economic Co-operation with Canada drafts of 

all standardization documents being co-ordinated with the FSC classes 

identified in the appendix to DOD instruction 2045.2.

CO-OPERATIVE ACTIVITIES
CAMESA provides a wide range of advice to other agencies and departments 

in Canada including:

(a) advice to DDP on procurement sources ;

(b) advice to DOI on Government-funded industrial support activities ;

(c) advice to DOT on electronic parts ;

(d) co-operation with NRC in exchanging data, test equipment calibration 

and investigations ; and

29099—24
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(e) extensive co-operation with the Quality Assurance Division;

(f) participation in committees of the Canadian Government Specification 

Board ; and

(g) membership on DRB advisory committees.

The Agency works closely with industry in developing specifications, the 

implementation of product qualification programs and in the application of 

components in military equipment. It also co-operates with the Electronics 

Industries Association.

On the international scene, the Agency works closely with various 

agencies in the USA including the Defence Electronics Supply Centre and also 

participates in the activities of the International Electro-Technical Commis

sion and its sub-committees. In addition it is involved in supporting various 

activities associated with international agreements such as NATO, the ABCA 

Standardization Agreement and the Air Standardization Co-ordinating Committee.
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APPENDIX 1 - ANNEX W

TERMS OF REFERENCE 

CAMESA

CAMESA is responsible to DGCES for:

1. The application, testing, qualification and documentation of parts, 

materials and associated assemblies for DND, other government departments 

and industry. (Note 1)

2. Plans, policies and procedures governing qualification, applications, 

documentation and testing of parts, materials and associated assemblies. 

(Note 1)

3. Activities pertaining to the application, testing, qualification and 

documentation of parts, materials and associated assemblies: (Note 1)

(a) Specifications and Standardization Documents.

(b) Engineering data and drawings.

(c) Qualification approval of Canadian and Foreign products.

(d) Qualified Products Lists and Lists of Preferred Parts.

(e) Qualification testing laboratories and guidance on testing techniques.

(f) Test programs in government and industrial laboratories on standard and 

non-standard parts and materials.

(g) Test methods, procedures, calibration and correlation.

(h) Financial and budget requirements for laboratory operations.

(i) Manufacturers production facilities and processes.

(j) Parts application engineering and investigation of field failures.



630 Special Committee

CAMESA is responsible to DGCES for:

(k) Assistance to CDF, procurement agencies and industry in interpretation 

of documents and determining qualified sources of supply.

(l) International agreements and standards.

(m) Representing DND, and liaison with CDF, Canadian/Foreign government 

departments and international groups on international standardization.

(n) Reliability and quality assurance.

(o) Data bank for parts, processes and reliability; Canadian participation 

in the Interagency Data Exchange Program.

4. Future standardization and testing activities in support of CDF require

ments. (Note 1)

NOTE 1: Pertaining to all communication and electronic equipment.
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ANNEX X

SUPPORTING DATA ON QAB

FUNCTIONS
A block diagram of the organization is reproduced in Appendix 1 and the 

following paragraphs describe the functions of the three divisions.

Quality Assurance Engineering Division
The primary function of the Quality Assurance Engineering Division is to 

initiate and maintain such regulatory action as is necessary to ensure the 

conduct of adequate,efficient and effective quality assurance surveillance and 

verification of the production of all types of defence materiel offered in 

satisfaction of contracts placed either within or outside Canada. This 

involves :

— developing, producing and promulgating the operating procedures necessary 

to guide quality assurance field staffs ;

— carrying out liaison to promote the quality assurance concept with Design, 

Requisitioning and Purchasing Authorities to ensure that their procedures 

and practices are adjusted if necessary to be consistent with quality 

assurance implementation requirements;

— providing the engineering capability necessary to ensure effective and 

continuous communication between Quality Assurance Branch and

(a) the Technical Branch of the Services,

(b) the Department of Defence Production,

(c) the Canadian Government Supply Service,

(d) other government departments requesting services,

(e) the Canadian Commercial Corporation,

(f) NATO Governments with which there are reciprocal agreements ;

— auditing the quality control operations of approved contractors and the 

quality assurance operations of the field organization.
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Quality Assurance Laboratories Divisjoji

The Quality Assurance Laboratories test and evaluate goods and services 

for the Canadian Forces. The staff also may be consulted for advice and 

assistance on related matters. This organization combines the activities of 

the former Air Materiel Command Materiel Laboratory, Inspection Services 

Laboratory complex, and the laboratory previously operated by Ontario Hydro 

for the Canadian Military Electronic Standards Agency (CAMESA). While quality 

assurance activities and flight safety investigations predominate, the 

laboratories accept essential projects of design, development, procurement, 

storage and use of defence materiel. Principal activities include test methods 

development for specifications and standards ; prototype evaluation in support 

of product improvement and development ; qualification approval of a product, 

firm, facility, personnel or standards ; production testing of goods for 

acceptance; failure and complaint investigation; flight safety, providing 

specialized testing services through the Central Electronics Component 

Inspection Laboratory (CECIL) program in support of Canadian industry; 

maintaining the departmental physical reference standards for such fields as 

electronics, electricity, metrology and radiation; calibration of equipment 

with traceability to national standards; correlation of test methods, 

techniques, procedures, work processes, equipment or test results ; and 

investigational testing in support of training, health and safety programmes.

Quality Assurance Support Services Division

The Quality Assurance Support Services Division provides essential 

specialized administrative and technical quality assurance support services 

to the Quality Assurance Branch Headquarters, the Quality Assurance 

Laboratories and the field units. These services cater for the following:

(a) Quality assurance proofing and testing services at the Proof Ranges, 

Nicolet, Quebec, for all types of weapons and projectiles coming into 

service from manufacturers and other suppliers and for the provision of 

quality assurance reproofing and retesting services as requested for 

the Canadian Armed Forces.

(b) Planning, developing and giving direction to the Single Supply Point 

which is the integrated unit responsible for storing, reproducing and
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distributing technical data produced or authorized by the Design 

Authorities and which is required for tendering purposes, manufacturer’s 

guidance, reference purposes and governing of quality assurance.

(c) Provision of specialized quality assurance training within Materiel 

Command.

(d) Responsible for providing at Quality Assurance Branch Headquarters and 

across Canada:

(i) Personnel, pay and allowance services.

(ii) Supply, storage and self-accounting services.

(iii) Financial services.

TERMS OF REFERENCE

See Appendix 2 to this Annex.

FORMAL AGREEMENTS

QAB is involved in the following formal agreements with other

Agencies/Departments in Canada, and internationally:

(a) NATO — Military Agency for Standardization (STANAG 4107-

Mutual Acceptance of Government Quality Assurance).

(b) DDP — Steering Committees (most major projects).

(c) Trade Associations (such as Canadian Packaging Associations,

Air Industries, Tea and Coffee Association).

(d) Co-operative Regulatory arrangements with:

(i) Department of National Health and Welfare (Pharmaceutical).

(ii) Department of Agriculture (Food and Drug Inspectorate).

(e) Department of Energy, Mines and Resources — Metrographic and wet 

Chemical analysis.

(f) Reciprocal Inspection Agreements.
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The Branch is also involved in certification, verification, calibration 

and surveillance on behalf of the US Defence Department (Ordnance) on gauges 

and equipment used to inspect components manufactured in Canada for the US 

Department of Defence. Plants visited by the calibration team include 

Canadian Flight Equipment in Trenton, Bata Engineering in Batana, General 

Impact Extrusion Toronto and many others.

CO-OPERATIVE ACTIVITIES
Appendix 3 to this Annex contains a list of activities undertaken in 

co-operation with other departments and agencies and with other countries.

QAB PROJECTS AND INVESTIGATIONS
The following examples indicate the nature of the activities of the

QAB:

(a) Flight Safety Investigations

(i) Lightbulb Analysis as an Aid in Accident Investigations. Two types 

of light bulbs found in aircraft warning light systems were tested 

to determine if their filament profiles are characteristic of 

whether they were on or off when they receive a severe shock such 

as in an aircraft crash. All of the bulbs were submitted to a 

spectrum of tests covering eight "in-service" factors which affect 

the condition of a bulb and its filament. Subsequently the bulbs 

were sectioned using techniques developed during the test program 

and photographs of the bulbs tested were taken under projection 

microscopes. These results were then applied to examine light bulbs 

removed from a crashed aircraft in order to illustrate the 

potential of light bulbs analysis in aircraft accident investigation. 

The report has been widely circulated internationally and the 

principle has received good acceptance by those interested in 

flight accident investigations.

(ii) Detailed laboratory examination of the debris from an aircraft

crash revealed a possible metal fatigue fracture in one jet engine 

inlet guide vane which, if it failed in flight, could be ingested 

into the engine and result in catastrophic failure of the engine
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and loss of the single engined aircraft and, as well, the possible 

loss of the pilot. An investigative program was established with 

flight safety and logistics staff to determine the prevalence of 

metal fatigue, guidelines for continual use of the inlet guide 

vanes in service and improved inspection criteria for new 

production blades. Very substantial urgency was brought to bear on 

the program when operational staffs decided that the aircraft fleet 

must be grounded until inspection could establish that they were 

safe to fly. An early solution through comprehensive metallurgical 

analysis and devising inspection techniques for field inspectors to 

use allowed the aircraft to resume flying with a high level of 

confidence that blades left in service would not propagate 

accidents.

(iii) The Directorate of Flight Safety required a technique which would

indicate whether bird ingress was a primary cause factor in aircraft 

accidents generated by suspected power plant failure. The 

Laboratories undertook the investigation which involved researching 

work done by others, detailed examination of the engines of a 

number of crashes, establishing contact and holding consultation 

with specialists in ornithology and biology. The investigation 

culminated in the establishment of an analysis technique 

accomplished through retrieving ash or scrapings off the internal 

surfaces of the engines which were analyzed for their amino-acid 

content thereby revealing whether they were animal in nature.

(b) Electronic and Electrical Investigations

(i) Evaluation tests on a shipborne gyrocompass system. Techniques 

were developed and incorporated into specifications, for magnetic 

field tests; engineering advice was provided which enabled radio 

frequency interference (RFI) specifications to be met and also 

enabled the company to bid successfully for large contracts in the

USA.
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(ii) Evaluation tests on Crash Position Indicator/Accident Data

Recorder. Engineering advice for the laboratories provided at 

early meetings resulted in tightening specifications. In addition 

the use of the CEÇIL facilities has enabled the manufacturer to 

redesign and/or modify their equipment to meet the stringent 

military requirements particularly in the electromagnetic 

compatibility and environmental fields. This has allowed the 

manufacturer to expand his engineering and production facilities 

permitting him to accept contracts from Canadian, American and 

European defence establishments valued at many millions of dollars.

(iii) Special discharge tests were performed on a pre-production silver-cell 

high energy torpedo battery to determine if the Canadian designed 

battery would provide the energy required for propulsion and 

operation of controls within precise timing under simulated static 

and dynamic conditions.

(o) New Canadian Forces Uniform

The laboratories have undertaken to test all compoi ents of the new 

Service uniform, (including boots, socks, caps and rainwear, as well as cloth 

for tunics, trousers and great-coats). This has involved the testing of 

pre-production samples of many items, as well as acceptance and verification 

tests on initial contracts.

One important phase of this work has been setting up rigid color 

standards and tolerances, for cloth and other components of the uniform.

This has been accomplished by the use of a reflecting spectrophotemeter which 

makes it possible to assign numerical values (color coordinates), to standard 

samples. These standards are then used to control the color of production 

lots by frequent comparisons carried out with a Color Difference Meter.

(d) Development of Test Methods

(i) The laboratories developed tests for evaluating, overhead projectors 

and employed these tests in comparing many makes and models of 

projectors for the Design Authority.
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(ii) Over a period of 12 years, 148 Test Method Development Projects

have been completed by the Chemical Laboratories. Twelve new CGSB 

test methods in the fields of cleaners, fire-fighting chemicals, 

medical supplies, protective coatings and petroleum products have 

resulted from these projects.

(iii) A paper presented to the ABC Naval Tripartite Fuels and Lubricants 

Committee (by the laboratories) resulted in a complete revision of 

ASTM Method D-665 for Rust Prevention Characteristics of Steam 

Turbine Oils in the Presence of Water.

(iv) A cooperative test program for ASTM Committee D-2 on Petroleum 

Products has recently resulted in the adoption of a new ASTM 

Standard (D 2596-67T) entitled "Extreme-pressure Properties of 

Lubricating Grease".

(v) Repair of Aircraft Fuel-Cells

A method has recently been developed for rapid repair of 

aircraft fuel-cells in situ. This method has tremendous 

advantages to operational units and has also attracted the

attention of the USAF.
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APPENDIX 2 - ANNEX X

TERMS OF REFERENCE 

QUALITY ASSURANCE BRANCH

The Quality Assurance Branch is responsible for:

(a) Developing and promulgating quality assurance procedures, instructions 

and standards to implement quality assurance responsibility.

(b) Storing, reproducing and distributing technical data produced by 

design authorities which is required:

(i) for tendering purposes,

(ii) to guide manufacture,

(iii) to govern quality assurance,

(iv) for reference purposes (not including operational data),

(v) developing and giving direction to a Single Supply Point unit to 

carry out these activities.

(c) Providing materiel laboratory services.

(d) Directing proofing and testing services for all types of weapons and 

projectiles coming into service from manufacturers and other suppliers 

and for reproofing of ammunition and explosives as requested by the 

Canadian Armed Forces.

(e) Maintaining custody of departmental standards and the calibration of 

lower level reference standards (Category 4, CFP 129), against them.

(f) Providing design and custodial services necessary for the provision of 

gauging and instrumentation equipment in support of the quality 

assurance function.

(g) Implementing programmes for qualification, for approval, and for the 

feedback of information on contractor performance for procurement use.
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(h) Being responsive for design monitoring assignments in contractors'

plants when so tasked, and for the exercise of the degree of authority 

delegated by the design authority.

(j) Providing the design authority with feedback information, comments 

and recommendations on design data, from the production and quality 

assurance standpoints.

(k) Controlling the issue of government owned materiel called for in a 

contract within existing procedures, and for providing information 

related thereto as requested.

(m) Providing specialized Quality Assurance training within Materiel 

Command.

(n) As directed providing assurance of quality of materiel procured, 

repaired or modified by contract for:

(i) Allied Governments.

(ii) Foreign Governments receiving Canadian aid (including Colombo 

Plan).

(iii) Canadian Government Supply Service.

(iv) Other Canadian Government Departments.

(o) Co-ordinating, supervising, and directing the activities of the 

Senior Staff Officers in the Quality Assurance Branch.
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APPENDIX 3 ~ ANNEX X

CO-OPERATIVE ACTIVITIES

1. Informal inspection agreements with countries other than NATO (i.e. 

Sweden, Australia, etc.).

2. Inter-Departmental Paint Qualification Board.

3. Inter-Departmental Qualification Board on Waxes, Cleaners and Polishes.

4. C.G.S.B. Committees.

5. Federal Drug Procurement Board.

6. NRC Committee on Paint Research.

7. NATO Committee of Experts.

8. International Standardization Organization (ISO).

9. American Standards of Testing Materials (ASTM) Working Group.

10. Technical Co-operation Program (Quadripartite) — Chemical/Metallic 

Materials and Testing Methods.

11. ABC Naval Tripartite Fuels and Lubricants Committee.

12. Emergency Measures Organization — Testing medical supplies, etc.

13. Annual Test and Development Agreement with DRTE for research 

development testing of Alouette — ISIS and subsequent anticipated models of 

satellites for DRB.

14. Annual Test and Development Agreement with DRTE for research 

development of radio-active isotope shipping containers.

15. Annual Test and Development Agreement with AECL for research 

development of radio-active isotope shipping containers.

16. Annual Test Agreement with DPW to loan laboratory facilities and 

technical supervision for testing lumen output of incandescent lamps.
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17. Qualification Approval and Specification of Contracts with DDP on 

electric lamps.

18. International Commission on Illumination (CIE) — international 

standards on photometry.

19. Quality assurance testing of textiles, clothing, equipment, fire hoses, 

money bags, twine, prefabricated buildings, and miscellaneous items as 

applicable for:

(a) Department of Transport

(b) Department of Fisheries

(c) Department of Northern Affairs

(d) Department of Agriculture

(e) Department of Justice

(f) Department of Health and Welfare

(g) Department of Lands and Forests

(h) Canada Post Office

(j) Canada Mint

(k) Canadian Commercial Corporation 

(m) Emergency Measures Organization

20. Department of Transport - Flight accident investigations, Testing of 

textiles, clothing, seat belts and miscellaneous equipment.
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ORDER OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday Sep
tember 17 th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by the 
Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the light 
of the experience of other industrialized countries and of the require
ments of the new scientific age and, without restricting the generality of 
the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the Fed
eral Government in the fields of physical, life and human sciences;

(c) federal assistance to research and development activities 
carried out by individuals, universities, industry and other groups in 
the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements 
and the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such coun
sel, staff and technical advisers as may be necessary for the purpose of 
the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Commit
tee, to sit during sittings and adjournments of the Senate, and to adjourn 
from place to place;

That the papers and evidence received and taken on the subject in 
the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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Extract from the Minutes of the Proceedings of the Senate, Thursday, 
September 19 th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the 

Honourable Senator Benidickson, P.C.:
That the name of the Honourable Senator Robichaud be substituted 

for that of the Honourable Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER, 
Clerk of the Senate.
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MINUTES OF PROCEEDINGS
MORNING SITTING 

(first session)

Wednesday, October 30th, 1968.

Pursuant to adjournment and notice the Special Committee on Science 
Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Belisle, 
Cameron, Desruisseaux, Grosart, Kinnear, Lang, Leonard, MacKenzie, Robi- 
chaud and Yuzyk.—(12)

Present but not of the Committee: The Honourable Senator Giguère.—(1)

In attendance:
Philip Pocock, Director of Research (Physical Science).

The following witnesses were heard:
Atomic Energy of Canada Limited:

James L. Gray, President;
Dr. W. B. Lewis, Senior Vice-President (Science) ;
Donald Watson, Vice-President (Administration) ;
R. F. Errington, Vice-President (Commercial Products) ; and
David A. Golden, a Member of the Board of Directors.

(A curriculum vitae of each witness follows these Minutes.)
At 12.25 the Committee adjourned until 3.30 p.m. this day.

AFTERNOON SITTING 
(second session)

The Committee resumed at 3.30 p.m., the Chairman, Senator Lamontagne, 
presiding.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Cameron, 
Grosart, Kinnear, Lang, Leonard, MacKenzie, Robichaud, Thompson and 
Yuzyk.— (11)

Present but not of the Committee: The Honourable Senators Benidickson 
and Giguère.—(2)

In attendance:
Philip Pocock, Director of Research (Physical Science).

The witnesses were further questioned.
At 5.40 p.m. the Committee adjourned until 10.00 a.m., Thursday, October 

31st, 1968.
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MORNING SITTING 
(third and final session)

Thursday, October 31st, 1968.

Pursuant to adjournment and notice, the Special Committee on Science 
Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bourget, 
Cameron, Grosart, Kinnear, Lang, Leonard, MacKenzie, Robichaud and Thomp
son. (11)

Present but not of the Committee: The Honourable Senator Giguère. (1)

In attendance:
Philip Pocock, Director of Research (Physical Science).

The witnesses heard at the morning and afternoon sittings on Wednesday, 
October 30th, 1968, were further questioned.

The following is printed as an Appendix:

5. Brief submitted by Atomic Energy of Canada Limited.

At 11.45 a.m. the Committee proceeded to its next order of business.

ATTEST:
Patrick J. Savoie,

Clerk of the Committee.
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CURRICULUM VITAE

Gray, James Lome. Born 2 March, 1913, Brandon, Manitoba. Schooling, Win
nipeg Public School, Saskatoon High School, University of Saskatchewan, B. 
Eng. 1935, M. Sc. (Mech. Eng.) 1938; 1938, Canadian General Electric Test 
Course; 1939, Joined staff of University of Saskatchewan as Lecturer in 
Engineering; 1939-1945, Air Force (retired as Wing Commander) ; 1945-1946, 
Associate Director-General, Research and Development Division, Department 
of Reconstruction and Supply, Ottawa; 1946-1948, Montreal Armature Works 
Limited, Montreal; 1948, Scientific Assistant to the President, National Research 
Council; 1949, Chief of Administration, National Research Council—Chalk 
River Project; 1952, General Manager, Atomic Energy of Canada Limited; 1954, 
Vice-President, Administration and Operations, Atomic Energy of Canada 
Limited; 1958, President, Atomic Energy of Canada Limited; 1961, D. Sc. Uni
versity of British Columbia, LL. D. University of Saskatchewan; Member of 
the Association of Professional Engineers of the Province of Ontario; Member 
of the Engineering Institute of Canada.

Lewis, Dr. W. B. Dr. Lewis was born at Castle Carrock, Cumberland, England, 
June 24, 1908. He was educated at Clare House Preparatory School, Becken
ham, Kent; Haileybury College, Hertford; and Cambridge University. From 
1930 to 1939 he worked at the Cavendish Laboratory, first with Lord Rutherford 
on alpha radioactivity, then with J. D. Cockcroft on nuclear disintegrations 
by particles accelerated by high voltages and on the construction and operation 
of the Cambridge cyclotron. From 1939 to 1946 Dr. Lewis was on loan to 
the British Air Ministry for radar work and at the end of the war was chief 
superintendent of the Telecommunications Research Establishment. In 1946 
he went to Chalk River as Director, Division of Atomic Energy Research, 
National Research Council of Canada. When Atomic Energy of Canada was 
formed in 1952 to take over nuclear research from NRC, Dr. Lewis became 
Vice-President, Research and Development. He was appointed Senior Vice- 
President (Science) of AECL, his present position, in 1963. Dr. Lewis holds 
honorary doctor of science degrees from Queen’s University, the University 
of Saskatchewan, McMaster University and Dartmouth College, N. H. Dal- 
housie University and Carleton University have conferred honorary doctor 
of laws degrees on him. In 1966 Dr. Lewis was the first recipient of the 
Outstanding Achievement Award of the Public Service of Canada. In 1967 
he was co-winner of the Atoms For Peace Award, in recognition of his services 
at the international level in promoting co-operation in the development of 
possibilities for beneficent uses of atomic energy, and named a Companion of 
the Order of Canada in December of the same year.

Watson, Donald. Mr. Watson, Vice-President, Administration, Atomic 
Energy of Canada Limited, was born in Bristol, England, on May 19, 1919. He 
obtained a BA in Physics at Oxford University in 1940 and an MA in 1945. 
From July 1940 to December, 1944, he was with the Telecommunications Re
search Establishment (TRE) in England; and from December, 1944 to February, 
he was Assistant to the Superintendent-in-Charge, TRE Advance Base, Bom-
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bay, India. Mr. Watson went to Chalk River in March, 1946 as the Administra
tive Officer of the UK staff stationed there. From May, 1948 to February, 1950, 
he was seconded to the staff of the National Research Council as Assistant to 
the Research Director. In March, 1950, he transferred to the Canadian staff. 
In 1956, Mr. Watson moved to Ottawa on being appointed Secretary of AECL. 
In 1963, he was appointed Vice-President, Administration.

Emngton, R. F. Mr. Errington, Vice-President, Commercial Products, 
Atomic Energy of Canada Limited, was born near Goderich, Ontario, and at
tended Goderich Collegiate Institute. He graduated from the University of 
Toronto in mathematics and physics in 1939, and in 1940 received a Master of 
Arts degree in physics from the same University. For several years Mr. Erring- 
ton was active in the field of geophysical and geochemical research associated 
with oil and other mineral exploration in Canada and the United States. From 
1942 to 1946 he was engaged in radar production work at Research Enterprises 
Limited where he became Manager of Quality Control. In 1946 Mr. Errington 
joined Eldorado Mining and Refining Limited and established a group to handle 
the processing and sale of radium and subsequently radioisotopes. This group 
designed and introduced cobalt 60 therapy machines and installed the world’s 
first commercial unit in 1951. In 1952 this operation was transferred from Eldo
rado Mining and Refining Limited to Atomic Energy of Canada Limited. Mr. 
Errington became Manager of the newly formed Commercial Products Division 
of AECL. In 1963 Mr. Errington was appointed Vice-President, Commercial 
Products.

Golden, David A. Mr. Golden was born in Sinclair, Manitoba on February 22, 
1920. He graduated from the University of Manitoba Law School with the degree 
of LL.B., in 1941, and received the Honourable Alexander Morris Exhibition for 
highest standing in all four years of the University law course. He was ap
pointed Rhodes Scholar in 1940. Mr. Golden enlisted in May, 1941 in the 1st 
Battalion, The Winnipeg Grenadiers, and served in Canada, Jamaica and Hong 
Kong. He was a prisoner of war in Hong Kong from December 1941 until Sep
tember 1945 and was discharged from the army in December, 1945, with the 
rank of captain and adjutant. In January, 1946 he started the practice of law in 
Winnipeg with Mr. Samuel (now The Honourable Mr. Justice) Freedman, under 
the firm name of Freedman and Golden. He attended The Queen’s College, 
Oxford, from October, 1946 until June, 1947. On his return to Winnipeg he re
sumed the practice of law and also lectured at the Manitoba Law School. In 
May, 1951 Mr. Golden joined the Department of Defence Production as Director 
of the Legal Branch and a year later assumed the additional post of Associate 
General Counsel. In February, 1953 Mr. Golden was made Assistant Deputy 
Minister and General Counsel of that department. Mr. Golden was appointed 
Deputy Minister of Defence Production on September 30, 1954, and became 
President of the Northern Ontario Pipeline Crown Corporation in June, 1956. 
Appointment to his present position, President of Air Industries Association of 
Canada came on July 1, 1962. Mr. Golden also serves as a Governor of Carleton 
University, Vice-President of National Capital Arts Alliance, Vice-President of 
Ottawa Canadian Club, and a Director of Atomic Energy of Canada Limited. 
He is married to the former Molly Berger of Estevan, Saskatchewan, and has 
three children; two sons and one daughter.
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THE SENATE

SPECIAL COMMITTEE ON SCIENCE POLICY

EVIDENCE
MORNING SITTING 

Ottawa (first session)

Wednesday, October 30, 1968.

The Special Committee on Science Policy 
met this day at 10 a.m.

Senator Maurice Lamontagne (Chairman) in 
the Chair.

The Chairman: Honourable senators, we 
are all aware of the great contribution made 
by Canadian scientists over the years to 
nuclear science and technology. That contri
bution began during World War II and 
became even more significant after the estab
lishment of Atomic Energy of Canada Limit
ed in 1952. We are fortunate indeed to have 
with us today some of those who over the 
years have helped to maintain and expand 
that contribution.

I am very pleased, on behalf of the mem
bers of the committee, to welcome this morn
ing Dr. J. Lome Gray, who is, as you all 
know, President of Atomic Energy of Canada 
Limited; Mr. Donald Watson, Vice-President 
(Administration) ; Mr. David A. Golden, a 
member of the Board of Directors; Mr. R. F. 
Errington, Vice-President (Commercial Prod
ucts), and Dr. W. B. Lewis, Senior Vice- 
President, (Science). I understand that first 
Dr. Gray wishes to make a statement.

DR. J. LORNE GRAY, PRESIDENT, 
ATOMIC ENERGY OF CANADA LIMITED:
Mr. Chairman, honourable senators: it is an 
honour and a privilege, not entirely unex
pected, for us to appear before you. We have 
read most of the minutes of the previous pro
ceedings and are very impressed with the 
way your investigation is going. One of your 
earlier witnesses, Dr. Mackenzie (who is real
ly the father of atomic energy in Canada and 
was our first President) suggested, I think, 
that this committee should become a perma

nent body, and we would certainly fully 
agree with that. By keeping a continual atten
tive eye on science in Canada, and particular
ly a sympathetic eye, you will render a real 
service to science, to the Government and to 
Canada.

In the preparation of this brief, which we 
did in a fairly short period of time, we 
required a lot of people to do a lot of work. 
We are now convinced it was very useful 
work. We had to do some introspective think
ing in detail over a broad field. We also think 
the effort we put into this may contribute to 
defining some of the problems, and hopefully 
helping to solve some of the problems, which 
face you in your deliberations.

We are very sorry that the full French 
translation is not available. The preface and 
the first 12 chapters are available in French, 
but the last three have not been completed. 
This is due entirely to lack of time and the 
availability of translation Staff who can trans
late technical data. The last two or three 
chapters will be very difficult to translate; 
some of the words are new words and we are 
having difficulty getting it done. However, we 
hope to have it done as quickly as possible.

I might direct your attention to some of the 
exhibits. There are a number of our docu
ments there, if anyone is interested. This is a 
very small selection of our total available 
number of documents. If there are any that 
any members of the committee would like to 
have, we will be happy to arrange that they 
receive them.

In the preparation of AECL’s submission on 
its scientific activities, every endeavour has 
been made to answer the questions contained 
in the guideline issued by your committee. 
Most of the questions require lengthy an
swers, so the material submitted can scarcely 
be called “brief.”
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2. The information requested in the guide
line is contained in appendices to this submis
sion, which for the most part have been pre
pared by the AECL sections directly con
cerned. You will find there as well a short 
historical review of AECL’s activities and a 
chapter headed Background and Prospect. 
These have been added to give better pers
pective to your examination of AECL’s posi
tion in the Canadian scientific scene.

3. In this preface I have chosen to concen
trate on points which I feel are of major 
importance to science in Canada and to 
AECL.

4. First, I should like to recommend most 
strongly that your committee visit some R 
and D laboratories across the country and 
meet with some of the staff. It is next to 
impossible to convey in words a proper feel 
for what is involved in the management and 
conduct of a major scientific and engineering 
program. It is easy enough to spend money on 
R and D but what needs continual and 
exhaustive effort by high quality staff is the 
management of the funds available in the 
most efficient and productive way. I hope you 
will find time to visit at least one of the four 
AECL sites, although we would like to have 
you visit all of them. I am sure you would 
find the experience most rewarding.

5. AECL has two main applied goals— 
nuclear power and the application of radio
isotopes. We also covre a broad spectrum of 
scientific activities. We are involved in funda
mental research, applied research, design, 
development, marketing and project manage
ment. In the field of isotope application we 
are also engaged in manufacturing. We look 
upon ourselves as an R and D organization, 
but clearly some of our staff are more 
involved in science than others. In the type 
of operation conducted by AECL a wide 
assortment of skills is necessary.

6. In a mission-oriented organization—and 
AECL is, to a large degree, mission-orient
ed—good management is vital. Over the years 
AECL has built up a strong team, but this 
requires continuous effort directed toward 
development of qualified replacements for 
intermediate and senior management posi
tions.

7. It cannot be emphasized too strongly that 
the success or failure of an R and D organiza
tion depends upon people. Organizational 
structure, reviews, analyses and other mea
surements may all play a useful part but

without the people with the right experience, 
motivation and ability the organization cannot 
be made to work successfully. I suggest that 
you give due weight during your deliberation 
to the availability of not only qualified but 
highly motivated staff, particularly those 
required for the management of scientific 
activities.

8. In the past twenty years AECL has 
evolved from being one centre, operated 
primarily for purposes of basic research, to a 
major R and D organization with world-wide 
connections. It has launched the Canadian 
nuclear power programme with its ramifica
tions in industry and the electric utilities, and 
it markets a range of equipment utilizing 
radioisotopes. Its fundamental research pro
gramme has brought international recognition 
to Canada. “Chalk River” is a household word 
throughout the scientific world.

9. AECL is one of the largest R and D 
organizations in Canada but on the world 
scene it is relatively small. It is comparable 
in size to that of a single, large U.S. firm. The 
United Kingdom Atomic Energy Authority 
has over seven times the number of 
employees. To date, Canada has held its own 
in the front ranks of nations in the atomic 
energy field by concentrating its efforts 
through intensive selection of program items 
and by focussing on efficiency and excellence. 
However, Canada will be overtaken and 
passed by international competition in this 
field of atomic energy if the Canadian pro
gramme does not continue to receive ade
quate support.

10. A topic receiving increasing attention is 
the relative amount of research and develop
ment done in government, in universities and 
in industry. Sometimes the work done in gov
ernment is called “in-house.” As there 
appears to be a growing conventional wisdom 
that there should be greater expansion of R 
and D in industry and in universities, relative 
to that done in government, it seems desira
ble that someone should say something in 
defence of R and D in government. I am not 
attempting to whitewash government R and D 
or to blacken R and D in industry and in 
universities, but it is worthwhile reflecting on 
what appear to me to be some common 
over-simplifications.

11. First of all, I have some doubts as to 
whether the figures reported on R and D in 
government are correct, simply because I 
doubt that accounts are kept that way. Cer-
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tainly we do not do so in AECL. We know 
what we spend on R and D contracts with 
industry and with the universities, since we 
account for them separately. The balance of 
AECL’s R and D expenditures is usually 
classified in statistical reports as being “in- 
house.” As an example, when we contracted 
with Canadian General Electric Company to 
design and build a nuclear research reactor 
for our Whiteshell Nuclear Research Estab
lishment the expenditure of about $10 mil
lion was certainly in industry and assisted in 
the development of industrial capability, and 
should not have been charged, as it was, as 
an AECL “in-house” expenditure. Similarly, 
when AECL needs a complex major new 
instrument or research facility, this is invari
ably built in industry and some part of the 
total cost covers R and D done in industry; 
however, the whole cost of the machine is 
classified as an “in-house” R and D expendi
ture by AECL.

12. In reporting government expenditures 
for R and D, I would suggest the expression 
“done for” be used in place of the expression 
“done by” or “in-house.” I doubt that as 
much R and D is actually done “in” govern
ment laboratories as is often alleged.

13. No one would deny that universities 
should have enough financial support to allow 
graduate students to do research for their 
Ph.D. theses. However, it must be getting 
progressively more difficult to find each year 
hundreds of worthwhile research projects, 
each to be accomplished by one man in about 
three years, unless they are part of a major R 
and D program. It seems timely to question 
whether most research done by graduates 
toward their Ph.D’s should not be done under 
co-operative arrangements between universi
ties and major research centres. I find it 
encouraging that some universities are 
already thinking along these lines, and it 
appears that this promising trend could be 
greatly expanded with benefit to all.

14. Again it is very clear that university 
faculty members must have the facilities 
to do personal research if they are to keep 
themselves up to date and thereby be in a 
position to give the best possible instruction 
and guidance to their undergraduate and 
graduate students. However, it is worth con
sidering the extent of R and D that can best 
be done at universities. I have seen views 
expressed that in ten years’ time universities

should be receiving over one billion dollars 
per annum for their R and D activities. With 
some 40 universities across the country, this 
comes to some $25 million per university each 
year—not far short of what a major establish
ment such as Chalk River spends. With 
equipment and facilities costing millions of 
dollars, one cannot afford to let them lie idle; 
they must be used to the maximum, other
wise scientists with similar equipment in 
other countries will move ahead more quickly 
and the original work intended will no longer 
be original. When universities are equipped 
with extensive facilities, they will require 
full-time or near full-time supervision by 
senior faculty members or project “manag
ers” along with large numbers of employees 
as operators, service men, workshop mechan
ics and other supporting staff. When this 
stage has been reached there will be very 
little difference between such a university 
research centre and a government research 
centre, except in name.

15. I do not accept in principle that the 
government laboratory is any better or any 
worse than a university or industrial labora
tory—it all depends upon the quality and 
motivation of the staff, especially those in 
charge. Equally, I can see nothing wrong in a 
government laboratory being principally 
engaged in fundamental research, although 
this would be rare. In such a case one must 
assume that a decision has been made that 
the fundamental research is in the national 
interest. Why can a university run an obser
vatory better than a government agency? In 
fact, I do not think it can, on university 
structures we find existing today. However, 
universities need direct access to major 
research facilities to support the teaching and 
education program. They must either directly 
control some of our major research facilities 
or have firm working arrangements with the 
operating agencies to ensure access, as 
required, to meet the needs of their education 
program.

16. If, for some reason, government labora
tories are politically less desirable than uni
versity “institutes” there is a very simple 
approach that the United States has adopted. 
For example, the U.S. nuclear energy research 
and development laboratory at Argonne is run 
by a group of universities co-ordinated by the 
University of Chicago under contract with the 
United States Atomic Energy Commission. 
AECL could enter into contracts with Canadi-
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an universities to run its two major research 
establishments. Then $40-$50 million would 
be transferred promptly to the heading “R 
and D in Universities” from that of “R and D 
in Government." Very little would be 
changed in the operation of the facilities 
although some universities might make better 
use of AECL facilities in their graduate 
research programs. The universities would 
also be freer and more effective in participat
ing in research programs suited to their par
ticular needs.

17. It seems to me that the extent of the 
work to be done by government, by universi
ties and by industrial laboratories relates, to 
some extent, to the source of funds and who 
is responsible for the performance of the 
work.

18. I recognize that the Government should 
support R and D in universities. To date, this 
has been essentially a funding or granting 
operation, mainly to individuals to undertake 
projects they think are worthwhile. The crit
erion is good research, and what is supported 
is what is judged to be good research by 
experts in the relevant fields. I think univer
sity grants are fairly straightforward and the 
programme has been successful; they are a 
part of the advanced education process with 
training a main product. I feel that the 
growth of university research institutes is an 
essential part of the future research commun
ity in Canada and plans should be taking 
shape now to expand the existing small 
groups and to prepare for new groups.

19. I also recognize that the government 
should support R and D in industry. Basical
ly, this is a subsidy directed toward new 
products or improvements to existing products 
for the general economic improvement of 
the country as a whole. Industry should 
decide what it wants to do and, although 
government support should be forthcoming 
for promising and well directed programmes, 
industry participation in programme costs is 
highly desirable.

20. However, in my view the majority of 
the R and D funds made available by govern
ment should be directed toward targets the 
government wishes to meet. In our form of 
government a minister recommends funds for 
his department or agency, and funds are 
approved by Parliament. The minister is res
ponsible for seeing that the work needed is 
done promptly and efficiently and he, in turn,

holds his deputy minister or the president of 
the agency reporting to him responsible for 
directing the program. These officials must be 
satisfied that the funds are equitably dis
tributed and used efficiently and effectively. 
Support of work in industry that is not relat
ed to a government programme is difficult to 
justify and unless our industries take some 
initiative to implement programmes they feel 
are important to their future and to support 
them technically, personally and, to some 
extent, financially, all the government sup
port in the world for “industrial research” 
will be an exercise in futility.

21. The difficulty gets far worse in times of 
restricted budgets. If funds are plentiful it is 
relatively easy to set fairly broad goals and to 
attain them. With a restricted budget, a very 
close and detailed control is necessary to 
reach the desired goals. It is much easier and 
more efficient to control work under your 
own direction than to co-ordinate work done 
by others not responsible to you. I am not 
proposing that this is best for the country in 
the long run, but it is certainly the most 
productive way of achieving results in the 
short run when budgets are tight.

22. AECL would be in a much better posi
tion to support R and D in industry in the 
atomic energy field if companies-—particularly 
Canadian-controlled companies—were in a 
position to invest their own funds and their 
own efforts either independently or under 
some co-operative arrangement. Such work is 
virtually non-existent today but we are hope
ful that, as the market for products in this 
field grows and through encouragement by 
AECL and others as to the general value of R 
and D for the future health and prosperity 
of Canadian companies, we will see a 
change, with management investing in R and 
D and wholeheartedly supporting a growing 
programme within their companies.

23. AECL spends about 20 per cent of its 
budget in industry on technical work related 
to AECL objectives. Between $6 and 7 million 
is spent on R and D contracts with industry 
and about $750,000 on contracts with universi
ties. To get proper returns from these expen
ditures we have found by experience that 
there are significant additional expenses 
entailed in providing for the necessary direc
tion and evaluation of the work. A rough 
yardstick is one AECL employee to five con
tract employees. We could usefully support 
more R and D in industry, provided extra
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contract funds were available to support such 
work, coupled with the additional funds 
necessary for the supervision of these con
tracts by AECL personnel; or if industry would 
come forward with programmes they origi
nate in the atomic energy field and feel are 
sufficiently important to justify industry and 
AECL joint expenditures.

24. Except for fundamental research, the 
economic returns that justify expenditures on 
R and D relate to impraved or new products 
or processes. These are put into effect by 
industry. For this reason the argument is put 
forward that the R and D should be done in 
industry so that industry is in a position to 
apply quickly the results of the successful 
programmes. In practice, however, there are 
a number of deterrents to full support by 
government of R and D in our industry—the 
lack of real interest by the majority of 
Canadian companies in investing any talents 
or efforts in R and D unless it is totally 
funded and to a large extent managed by the 
government and, additionally, where large 
organizations are involved we face the possi
ble monopoly position of individual compa
nies and the problems of foreign ownership.

25. In the nuclear power field AECL could 
have stayed out of the design and develop
ment of nuclear power stations and trans
ferred the responsibility to a manufacturer. 
This procedure was in fact tried on the first 
nuclear power station but, for a number of 
reasons, the procedure was changed. The 
monopoly position of a designer-supplier of 
large power stations was not acceptable to the 
customer (the utilities) from a competitive 
price point of view; other Canadian suppliers 
were inhibited from getting into a competi
tive position for equipment supplies for pro
spective Canadian and foreign nuclear power 
stations, and normal industrial competition, 
to ensure maximum ingenuity in equipment 
supply and performance, was to be inhibited.

26. Under the system adopted (where AECL 
acts as the nuclear designer and directs the 
development of nuclear power systems) all 
qualified suppliers have equal opportunities 
to bid on components. Several hundred firms 
are involved in equipment supplies and ser
vices for each nuclear power station. Devel
opment funds are distributed as widely as 
possible and only in rare circumstances does 
AECL limit its support to one firm on one 
item, and only then when there is no reason

able alternative. Results of AECL develop
ment programmes, either from contract work 
or from its own special facilities, are freely 
available to Canadian industry to assist them 
in meeting the needs of the nuclear 
programme.

27. I have been trying to point out in the 
last few minutes that, particularly with limit
ed budgets, it is important that we should see 
that good research and development is done 
in the right fields as efficiently as possible by 
the best people—and not get carried away by 
popular slogans. There are circumstances 
where even applied R and D is better done in 
government-operated facilities than in 
industry.

28. I suggest that it is important to place R 
and D in proper perspective in dealing with a 
social problem; we should not look upon R 
and D as a potential cure-all. In the matter of 
pollution, for example, legislation and regula
tions are just as important as R and D. AECL 
has first-hand experience in this subject, 
since we had to prevent pollution by radioac
tive wastes. This was done by determining 
and defining safe limits and then by rigidly 
following procedures, coupled with inspec
tion, to ensure that these limits were not 
exceeded. We have carried out experiments 
on methods of waste-handling and waste-con
trol and have improved our procedures over 
the years, but radioactive pollution was real
ly controlled by regulation rather than by 
research.

29. Although AECL may appear to have a 
monopoly in nuclear reactor developments in 
Canada, we have internally and externally 
not only allowed competition but have 
encouraged it. We have encouraged our staff 
and others to propose other nuclear systems 
and modifications of the basic CANDU sys
tem. The use of organic liquid coolant was 
proposed to us by CGE and together we car
ried out considerable development. Many other 
reactor systems have been thoroughly eva
luated. We have had good financial support 
for the nuclear programme over the years, 
and the vigorous stimulation of competitive 
ideas during the past fifteen years has kept 
the Canadian nuclear power programme 
healthy.

30. Large-scale R and D is like waging a 
war, and the best organizational approach has 
to be much the same. The generals can plan 
the strategy but tactics must be left to the
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field commanders. They, in turn, base their 
tactics on information received from the front 
line. Clearly, the better the communications up 
and down the line, the better the operation. 
Equally, the generals cannot be successful 
without having superb field commanders and 
enthusiastic, properly trained and devoted 
troops. In R and D the front line troops—the 
working scientists—press into the unknown. 
What they discover produces the basis on 
which the research directors plan their pro
grammes. Their job is to use their knowledge, 
experience and instincts, coupled with the 
“intelligence” from the working scientist, to 
decide what are the most useful things upon 
which to concentrate.

31. There are some fairly self-evident guid
ing principles. Efforts should be made to get 
the best possible working scientists and 
research directors. It is essential to keep the 
scientists fully informed of the desired goals 
and objectives but not have too rigid a con
trol; alternative approaches to the goals 
should not be turned aside and at times more 
limited objectives reached sooner might be 
preferable to reaching the stated ultimate 
objective much later. It is also important to 
have an R and D centre of at least a mini
mum or “critical” size manned by staff with 
training in different disciplines, so that the 
staff can work efficiently, have adequate 
stimulation and be at close hand to help one 
another.

32. When looking ahead to what support the 
government should give R and D in the next 
ten years, discussions are usually centred on 
what major new R and D programmes should 
be undertaken for the social and economic 
benefit of Canada. Reference is also often 
made to expenditures in Canada as a per
centage of the gross national product 
and comparisons are made with the percent
ages spent in major countries such as the 
United States, the United Kingdom and 
Japan. It seems to me that far too little atten
tion is paid to the employment of scientific 
and engineering manpower. How will we 
employ our future professional manpower in 
perform'ng worthwhile jobs in fields in which 
they have been trained? Are they being 
trained in the disciplines most needed to do 
the work of the highest priorities? Are we 
planning to train too many professionals with 
advanced degrees? Perhaps it is a chicken 
and egg analogy—if we have the work to do 
we must find the people, or is it that we have

the people and must find the work? Without 
stipulated national goals and national pro
grammes we cannot decide on the type of 
trained personnel needed and without an 
approved expenditure target we cannot de
cide on the number needed. These guides 
have not been delineated but we are well into 
a major programme of advanced education.

33. In 1965 Canada had about 100,000 scienr- 
tists and engineers, of whom about 15,000 
were engaged in R and D. In 1978 we will 
have some 300,000 scientists and engineers 
nearly three times as many as we have 
today. Many of these are already in the 
educational pipeline. With increasing numbers 
at our universities going on to do post-gradu
ate work, we can expect a larger percentage 
of scientists and engineers to be available for 
R and D; perhaps as high as 20 per cent of 
this professional group will be capable of 
doing R and D in 1978—ten years from now. 
This means 60,000 R and D professionals. 
Hence, unless we can employ 45,000 new R 
and D professionals and perhaps 200,000 other 
scientists and engineers in the next ten years 
we will have trained a select segment of our 
coming generation at a very substantial cost 
only to find that they are either under
employed, unemployed or that they emigrate.

34. Unless plans are formulated very soon 
to redirect the education programme or to set 
up expanding organizations to employ those 
we educate, I am sure we will find ourselves 
in trouble. AECL has built up an effective 
team of about 1,000 professionals, some 500 of 
whom are engaged in research and develop
ment. We have a large base from which we 
can expand or diversify but as an illustration, 
at Whiteshell, it has taken us about seven 
years to establish a critical size working 
organization. In the next ten years it seems 
that if there is to be useful employment for 
those being educated in science and engineer
ing Canada will need the equivalent of some
thing like 100 new organizations the present 
size of AECL. The annual cost at that time 
would be in the region of $3 billion. To meet 
such a requirement—if it is a requirement— 
seems next to impossible.

35. Good R and D centres cannot be fash
ioned overnight. A proper environment can 
only be created by building slowly and care
fully unless resources are used inefficiently. 
An R and D man, however good, needs the 
right environment and support if he is to
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perform effectively. Experienced research 
directors and management are already in 
short supply.

36. If it is agreed that we do face a crisis in 
this field and if it is decided that we should 
make an effort to find suitable employment 
for a large increase of professionals qualified 
to carry out scientific investigations, I suggest 
that very strong support should be given to 
cells of excellence and that they should be 
allowed to expand and break up into segments 
to become separate and grow independent
ly as quickly as possible. This would follow 
the pattern of AECL’s evolution—beginning 
its life as a division of NRC and then being 
weaned and growing to maturity fairly quick
ly. Trying to create a new organization with
out a strong small cell is far more difficult. 
These cells need not stay under the same 
umbrella as their parent; they can be 
attached to universities to grow into insti
tutes, they can augment industrial or provin
cial research organizations, or they can be 
“remote” units of government R and D 
organizations.

Thank you, Mr. Chairman.

The Chairman: Thank you, Dr. Gray. We 
might proceed now to the question and discus
sion period. Senator Aird?

Senator Aird: Mr. Chairman, Dr. Gray, dis
tinguished colleagues at the head of the table, 
I was most interested in your remarks at the 
outset, sir, about the service that this Senate 
committee may have done, if only because it 
has required the discipline in your own 
agency

I am not sure, sir, of my own qualifications 
to speak or to question you on such a techni
cal subject as this. As I indicated to you 
before the meeting, my own experience is 
that of a lawyer, but I did have some very 
strong field experience staking radium claims 
both at Radium City and Blind River in the 
earlier days, and I was your guest at Chalk 
River when it was first beginning.

The method that I would like to choose, if I 
might, is to delay some questions that I have 
prepared on your brief specifically, but per
haps ask you one or two general questions 
relating to the whole problem.

As you have indicated that you have stud
ied the minutes of the previous meetings that 
we have had, you will appreciate that we are 
interested in goals and in priorities and in

management. I think it is a great compliment 
to your organization, sir, that you have pres
ented us with such a full brief. We are very 
grateful to you for it because we have a great 
deal to learn, I believe, from AECL and how 
it, as a mission-oriented agency, if you will, 
has applied science and technology.

My first question, and it is a double-bar
relled one, if you like, deals with goals, and I 
would also like you to talk about marketing. 
In your capacity as President of AECL, I 
would like to ask you what do you regard as 
your greatest single problem in achieving 
these goals. Now leaving this with you to 
think about a little, the reason for asking this 
question relates to the marketing aspects. Are 
you satisfied about your marketing tech
niques? Are you satisfied that there is a suffi
cient marketing approach throughout your 
operation? Relaying that through to the final 
results, and coming back to my original ques
tion, are you on target in reaching your goals 
or are you off target and what is the scene?

Dr. Gray: Senator Aird, those are a couple 
of good questions. In the nuclear power field 
we have goals, and we have one in the 
nuclear science field which is Dr. Lewis’ field 
and another in the Commercial Products field 
which is Mr. Errington’s field. I will just deal 
with the nuclear power side where our goal is 
to produce a reactor system that is economi
cally viable and competitive with any other 
reactor system, particularly in Canada. Our 
main objective is to produce low cost energy 
for our Canadian utilities or to get them into 
a position where they can produce low cost 
energy themselves. Parallel to that, there is 
an export market available to us if we can 
offer an economic plant that suits the export 
conditions. We think we have reached the 
first goal. We have produced in Canada—not 
necessarily AECL but Canadian industries 
and utilities, and particularly Ontario 
Hydro—have produced a nuclear power sys
tem which is competitive with any other sys
tem. In fact, it is a little more than competi
tive. But decisions on this are not made by 
us; that decision was made in the first 
instance by Ontario Hydro. They have no 
obligation whatever to build a Canadian type 
plant, and they are not noted for using only 
Canadian equipment and materials. However, 
we feel we have achieved the first goal 
because we have produced a nuclear power 
system that is economically competitive in 
Canada.
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The Chairman: Would they have gone for 
this even if the Canadian Government had 
not financially participated?

Dr. Gray: No. The Canadian Government 
had to participate in the whole development 
initially. However, there is no participation 
now in power stations. Ontario Hydro is now 
building its power stations at Pickering with 
no participation on the part of the Govern
ment other than the back-up R. and D., the 
program we have at Chalk River and 
Whiteshell.

None of these power stations has yet prov
en itself; there is no nuclear power station in 
the world that has yet proven itself. There 
are several running. We have some running 
in Canada and they have some running in the 
United Kingdom. In fact there they have 
more running than any place else. They also 
have some running in the United States. In 
the United Kingdom they have the gas cooled 
reactor, and we have the Canadian reactors, 
but none of them is fully proven and they 
will not be proven for 25 years. However, we 
are all confident that they will operate for 25 
or 30 years. But this is too new a business to 
have final proof that we have reached our 
goal.

There are many problems and we require a 
continuing effort, even on the present system, 
to make sure we do end up with a proven 
system. Even though Ontario Hydro is invest
ing several hundred millions of dollars in the 
Pickering plant, we are doing work on 
materials related to those plants. So far as the 
marketing side is concerned, I don’t know 
whether I have given you all the information 
you want on that, but I am sure you will 
come back to that.

Senator Aird: I will come back to that.

Dr. Gray: On the marketing technique side, 
so far as isotopes are concerned, we have this 
well in hand. Mr. Errington has been in this 
for 10 or 15 years and we have international 
marketing going on all the time. However, so 
far as nuclear power station marketing is con
cerned, we are just starting. In June of this 
year we were assigned the responsibility to 
do all the marketing for Canada and for 
Canadian industries in this field. We have 
been very active, but our staff is small; we 
only have two people who are permanently in 
this field, that is myself and our General 
Manager (Marketing), but we have a large 
organization generally. We have a half-dozen

of the CGE group which we took over in 
Peterborough putting information together, 
and we have people in Toronto doing like
wise. However, this is not sufficient, and we 
are trying to recruit two types of people; the 
first type consists of people experienced in 
thermal power. They don’t have to be nuclear 
experts but they have to know about the gen
erator end of the plant. We are very close to 
appointing a couple of people—they are not 
yet appointed—and we need a couple more on 
the nuclear side. Within two months we will 
have our team in pretty good shape.

We are at the present time in the midst of 
bidding on a plant in Romania. We have 
already quoted technical specifications and we 
were supposed to have the financial bid in 
tomorrow. We will be a week or so late. This 
is on a 300 megawatt reactor, and by Decem
ber a 600 megawatt reactor. This a firm price 
bid in which we on behalf of industry will be 
carrying the responsibility for getting the 
plant put together and operating with appro
priate warranties.

Senator Aird: Who are you competing 
with?

Dr. Gray: The United Kingdom—the UK 
Atomic Energy Authority—and a consortium 
that originally consisted of Germany, Switzer
land and France, but has changed recently 
and consists now of France and Switzerland 
because Germany has become unpopular in 
some of the eastern countries. I think we 
have a very good chance of getting this. 
However, we have yet to go through the 
motions of getting approval of financing, 
because it will require export credits, but I 
would think we have a very good chance of 
getting this.

There are many other areas of interest we 
are working on. Here all I can say is that we 
have got a very good start. We are not big 
enough yet, and I think we could do with 
some really experienced commercial sales
men, and we are looking for them.

Senator Aird: Perhaps I might re-ask my 
question: Do you consider marketing to be 
your No. 1 priority?

Dr. Gray: No, the No. 1 priority is to 
ensure the nuclear power system we have 
developed and which is being applied in 
Canada in a very large way—Ontario Hydro 
have announced that later this year they 
expect to start a new plant with 3,000 mega-
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watts—is an economically viable, good, solid 
technical type.

The Chairman: This is marketing.

Dr. Gray: If it is marketing, then it is our 
No. 1 target; but Canada is our No. 1 target.

The Chairman: How do you account for our 
failure to export up to now? Is it because we 
are too new, or because the Government 
agency responsible for marketing did not do a 
proper job?

Dr. Gray: No, I think we can answer that 
one fairly well. It is only in the last three or 
four years we have been in a position to offer 
a plant in the commercial market, and this 
was done by Canadian General Electric. We 
stayed out of it by agreement, and Canadian 
General Electric were set up with a fully 
qualified team of designers. They made two 
bids, one in Finland and one in the Argem 
tine. In Finland they were as good as anyone 
else, but the Finns, through a series of evolu
tions, cancelled and no one got the work. It 
was arranged that they would get their power 
from Russia.

We understand the proposal they put into 
the Argentine was as good a proposal as the 
German bidders put in, but trade relations 
between the Argentine and Germany are 
much better than they are between the 
Argentine and Canada. The decision was not 
made on the price of the plant. The Argentine 
bought a heavy water natural uranium plant 
which is similar to the Canadian plant—the 
pressure system is different. It appears that 
went mainly on trade relations. The Govern
ment agency had nothing to do with the first 
two attempts. We are now starting.

Senator Aird: This was my third specific 
question: What is the current export posi
tion?—and you have reviewed that briefly for 
us. But over and above the specific question, 
is it necessary to have a healthy export 
market?

Dr. Gray: No, it is not essential to have a 
healthy export market and still have a 
healthy Canadian program, but it helps our 
industry. These stations they are building in 
Canada are very large—750 megawatts. They 
only do one about every year and a half to 
two years. This puts a very light load on our 
industry, and they only get an order for a 
piece of equipment every 18 months. If we
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could get a similar reactor designed for 
export and get twice as much equipment 
ordered, we feel this would allow them to 
produce better equipment at lower cost, so 
we think that the role of industrial plant is 
important. If you get orders in the export 
market it puts more industrial production 
into the Canadian economy. And a lot of the 
work is quite advanced. They are using new 
techniques for welding, and new materials, 
and are working to new tolerances, and some 
pieces of equipment are very difficult to 
build; it is good for the future of the indus
try. We are going into the technological age 
where this sort of experience will be of 
immense value.

Senator Aird: Coming back to the Canadian 
scene, another specific question: What power 
plant orders are now on the books, beyond 
the current Ontario stations?

Dr. Gray: None.

Senator Aird: Another specific question . .

The Chairman: Could you comment on 
future possibilities?

Dr. Gray: Yes, but that is a different 
question.

Senator Aird: I will be pleased to ask that 
too!

Dr. Gray: The prospects are very encourag
ing, and if we do not get any of this business 
it will certainly indicate there is something 
wrong with AECL. We are putting our repu
tation on the line. It will be about seven or 
eight years before this is known, and that is 
when I retire!

The Chairman: You might be called to the 
Senate!

Dr. Gray: Yes. One of the directors, who is 
a member of the Executive Committee, men
tioned to the chairman that I might be retired 
early.

We have been asked just in the last three 
weeks to bid on a plant in Italy. The present 
round of reactors in Italy is just being decid
ed, and we could not get into that round. 
Canadian General Electric could have, but 
decided not to. We have been asked to bid on 
one of 600 to 750 megawatts, and a decision 
will be reached some time next year. I think 
we would have a very good chance of obtain
ing that work.
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There is the possibility of a 600-megawatt 
plant in the United States, if we go after it. It 
is a special requirement, and it may be some 
time developing, and we are moving slowly 
on it. It is one we would very much like to 
get, but it will be slow in developing.

We have very active negotiations right now 
with China on a research reactor. It looks like 
it will go ahead.

With regard to Romania, we are bidding on 
two right now.

The Czechs are interested in a 600- 
megawatt reactor, and we will be putting in a 
proposal in November to Czechoslovakia.

South Africa have just finished completing 
a major review, and in their conclusion they 
mention they want to build a heavy water 
natural uranium plant of 500 megawatts, 
starting in late 1970, and they will be calling 
for world bids.

New Zealand is calling for four reactors, to 
come in a year apart, starting in 1971. They 
have specified all natural uranium heavy 
water reactors, and we will be bidding on 
that.

In Australia we expect to be invited to put 
in a proposal—whether a competitive bid or 
not we are not sure—next year for a 500- 
megawatt plant. My opposite number, Sir 
Philip Baxter, is now in Canada going 
through our plants.

In Brazil it looks like they are really going 
to go ahead and invite bids on a 500- 
megawatt plant. We are not clear as to 
whether they are going to specify a heavy 
water natural uranium reactor plant, but they 
would allow that to be bid in comptitition 
with others. All this comes within two or 
three years. There are many prospects. These 
are all for export.

In Canada this becomes a very big business 
by 1980, in Canadian installations. Ontario 
Hydro, in the next two or three years, are 
going to go for two of these 3,000-megawatt 
plants, each with four 750-megawatt reactors 
and they have specified they will continue 
with the Pickering type reactor—an improved 
version, but the same in principle. We have 
Hydro Quebec by about 1980—and this comes 
from Hydro Quebec reports.

Senator Aird: Is the Hydro Quebec contract 
a firm contract for Gentilly?

Dr. Gray: Yes, it is very firm. There is a 
picture of it, in the small exhibit and the

building is up. This is a prototype plant. This 
is a new type of plant that no one would be 
prepared to build and guarantee its operation 
until it is operated, because it has a different 
type of coolant. So the Government agreed to 
build this plant under the same terms as the 
Douglas Point plant, and we are building it in 
co-operation w.th Hydro Quebec. Hydro Que
bec is providing a fair amount of in-put such 
as training staff. They offered the site, and 
they are doing some of the engineering at 
their own cost. They will operate the plant. 
When it is operating successfully they will 
then buy the plant from the Government of 
Canada at a price that makes the plant com
petitive with a coal-fired plant, so there will 
be the difference between what the plant 
costs, us and the price offered, which will he 
some millions of dollars. We will not really 
know the difference until it is completed and 
we can see how it runs, but the cost will be 
$105 million, and it might be worth $80 mil
lion. The figures are something of that order.

But, it is a firm contract, including responsi
bility for completion and operation, and the 
pay-out clause. These matters are all firmly 
set out in the contract, and it is virtually 
identical with the contract between the Gov
ernment and Ontario Hydro for Douglas 
Point.

Senator Aird: Would you continue, then, 
with the prospects on the Canadian scene?

Dr. Gray: Well, the prospects on the 
Canadian scene for power are primarily in 
the Province of Ontario. Their forecasts of 
installations rise very rapidly until by about 
1980 when all new plants will be nuclear. Th's 
is what Mr. Robarts said the other day at the 
opening of a power station on the Madawaska 
River—I have forgotten the name of it. In 
Ontario it is a very important part of energy 
resource, and it really puts a ceiling on the 
cost of power in Ontario. By the time we get 
to 1990, the installation—well, I have not got 
it in megawatts; it is in billions of kilowatt 
hours, and it is in one of these books. There 
are these curves that have been developed by 
our people in co-operation with Ontario. The 
same thing happens in Quebec, but it does 
not start until 1980.

The Chairman: I saw a forecast that was 
made the other day by Quebec Hydro which 
said that by the year 2000 they would derive 
about 60 per cent of their electrical power 
from nuclear energy.
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Dr. Gray: Yes, these are the figures we 
have heard, and all new installation by 1985 
or so, when hydraulic power is finished, will 
be nuclear in Quebec.

The other one is the Maritimes. If the 
Maritimes get their systems interconnected— 
that is, if New Brunswick, Nova Scotia, and 
Prince Edward Island can interconnect their 
electric systems—then by about 1977 or so we 
think they can start putting in big nuclear 
plants, and on straight economics this is the 
best thing that the Maritimes can do. But, 
they need to have interconnection first, 
because their systems are too small on their 
own to justify a large nuclear plant. If they 
do interconnect we can see very definite cost 
advantages over other sources of power in the 
Maritimes.

The only other place where we would see 
nuclear power coming in quickly is Vancou
ver Island. There is a possibility there of aug
menting the requirements by putting some 
power at the end of a DC underwater trans
mission line.

This kind of development will take some 
time in the Prairies, unless there is a require
ment for a very large station, and this has 
been talked about in connection with a diffu
sion plant for enrichment. If you want, say, 
2,000 megawatts at one site, then it is quite 
possible, if you want to locate it on the Prai
ries, that it might be an economic operation. 
If the unit was one of 2,000 megawatts you 
would need a very large load to go with it.

As we see it, that is the Canadian scene, 
and the application of atomic power on the 
Canadian scene.

Senator Aird: I gather that you see world
wide prospects and good Canadian prospects 
for the sale of the CANDU system. I do not 
want to overwork the marketing side, but my 
last question relates to a statement of yours 
contained on page 4 of Appendix 5. It is a 
very short statement, so I do not think you 
need to refer to it. It is:

The Nuclear Power Marketing group is in 
the process of formation and is expected 
to reach its planned strength of about 
four or five professional staff in the 
course of one year.

You have answered my question partially in 
respect of this, but I should like you to tell us 
how you are getting along with this.
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Dr. Gray: To augment that, now that we 
are into this, I should say that this was writ
ten two or three months ago, and I think that 
within the next two motnhs we should get up 
to that strength.

Senator Aird: Professor Christopher Free
man, who was recently in Ottawa as the guest 
of the Economic Council, stresses the impor
tance of marketing and marketing research, 
and says:

Too often decision-making is confined to 
the research and development aspect, and 
somebody else if left to consider the inno
vation aspect, above all the marketing 
aspect. In my view this is an almost cer
tain recipe for failure... I would maintain 
that on any, certainly on any industrial, 
research and development project, it is 
usually necessary from the very outset to 
include people who are responsible for 
marketing the ultimate product.

He goes on to cite a case in point, the poor 
sales record for British nuclear reactors, and 
says:

The R and D was conducted, I think on 
the whole pretty efficiently by the Atomic 
Energy Authority and led to very impor
tant new types of reactor, technically 
very well advanced.. . .The biggest differ
ence that I see between the American 
nuclear power programme, which has 
apparently been more profitable, and the 
British lies in this: that Westinghouse 
and General Electric were far better able 
to integrate the research, development, 
production and marketing aspects into 
one whole innovation process, and the 
chain was not broken through structural 
weaknesses.

You have answered my question partially by 
saying how AECL has been handling this 
aspect. I do not wish to take the absolute 
Freeman position, but it seems to me there 
may very well be an analogy between the 
way that AECL has developed and the way 
that the Atomic Energy Authority in Britain 
has developed. Naturally neither AECL nor 
any of us wish to have Canada fall into the 
same trap or the same situation, as the Bri
tish did. Would you care to amplify on this 
point?

Dr. Gray: Well, Senator Aird, certainly 
Professor Freeman is quite right in most of 
what he says there, but I do not think that 
the reason why the United States has been
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successful and the United Kingdom has been 
less successful is entirely because of market
ing. I think it has something to do with the 
aspects of the systems, and the kind of pro
duct you have to sell.

In our case, our scientists, technicians, and 
engineers have had to convince themselves 
and others all the way through that we have 
a product that can be used in Canada, and 
hopefully elsewhere, that is economic.

We have not really done the sort of mar
keting Professor Freeman is talking about 
within AECL until just now. We have done it 
with Ontario Hydro during the last ten years 
on a more or less continuous basis for their 
own system. Ontario Hydro get offers from 
Westinghouse and GE in the States for these 
plants, so they are continually reviewing this. 
But, the market has been a sort of competi
tive market. If we were good enough then 
Ontario Hydro would use us, and this is what 
has happened.

We are now going into this other aspect, 
and I think you are absolutely right. The 
further we get into it the more we realize 
that this marketing requirement is very 
important. But, so far as AECL is concerned, 
we are enjoying completely the full support 
of the people in the Department of Trade and 
Commerce in, for instance, all of these 
areas—in Eastern Europe, in India, and in 
Italy. These people are extremely valuable to 
us. I think that we probably underestimated 
the requirements for marketing people when 
we took this on, but we are as rapidly as 
possible assigning people to that specific role. 
We have a large source of marketing exper
tise behind us in the CGE group. AFCL have 
taken the responsibility and it has to be taken 
out of my office when we finally go on the 
line for $100 million or so. We really must 
have more expertise and more experience in 
this line of work located in Ottawa, and this 
is what we are trying to get. I think we shall 
be all right; I do not think we will have the 
same problem the U.K. had in marketing.

We are not the same as GE or Westing- 
house because all we can put into our mar
keting proposals are what we get from our 
industry. When we put forward a proposal 
for Romania, there is not five cents of AECL 
manufactured equipment; we do not produce 
any manufactured equipment. We have to get 
this bid from a hundred different companies, 
or estimates of what we think their bid will 
be. We cannot always get firm prices ahead

of time. This is where our experience over the 
years of working with Hydro and CGE’s own 
experience will be brought to bear, and hope
fully will be right. The marketing is some
thing we are just getting into. I am glad you 
have brought it up, because it makes us think 
even a little harder.

The Chairman: What has been the success 
of the United States in export marketing up 
to now?

Dr. Gray: The United States have exported 
a few plants. What they have mainly done in 
Germany and elsewhere is make an arrange
ment with AEG or Siemens, or somebody 
else, for licensing and then jointly bid on 
plants in Italy, Germany, France, Japan. 
They must have ten plants around the world 
under consideration. Is that right?

Dr. Lewis: Yes.

The Chairman: Always on a bid basis?

Dr. Gray: Not entirely. I think in Japan it 
is a full GE and full Westinghouse bid. In 
Italy it is a GE bid.

Dr. Lewis: The first two plants in Italy 
were what they call turnkey projects, one 
from GE and one from Westinghouse.

Dr. Gray: They also make arrangements 
with Ansaldo and Fiat, or somebody else, and 
go in with partnership licensing arrange
ments.

The Chairman: Is there any element of sub
sidy when they come in?

Dr. Gray: It is hard to say. We hear lots of 
rumours. There is no sense in the pricing of 
these plants. At one time the price is so 
much, and the next time you hear it the price 
is up 25 per cent or down 25 per cent. There 
is no doubt that some of the American plants 
have been loss leaders in and around the 
world. The price of American plants is rising 
rather rapidly, for what reason we do not 
know. There is no doubt that GE and West
inghouse have a tremendous stake in this, 
with tens or hundreds of millions of dollars 
invested at this stage, and they expect to get 
it back. But I do not think there is much 
direct government subsidy in the American 
program. The United States AEG spends ten 
times as much of its budget in its R and D 
support of civilian nuclear power but I do not 
know of any direct subsidy in connection 
with GE and Westinghouse.
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The Chairman: Normally would this larger 
scale operation tend to reduce cost?

Dr. Gray: You would expect costs to be 
coming down, but as they build more plants 
they are getting more experience of what the 
costs actually are in relation to their bid 
price.

The Chairman: We have not reached that 
stage yet. I think we should adjourn for a 
short time at this moment. If the members of 
the committee would agree, I think this is a 
very important aspect—marketing—so we 
might go round the table after the adjourn
ment on the marketing problem, because it 
seems to be basic to our whole hearing.

Senator Grosart: May I ask a supplemen
tary question?

The Chairman: Yes.

Senator Grosart: Was your decision to 
assume this total marketing responsibility 
made before or after the CGE pull out?

Dr. Gray: After. They came to us and 
asked if we would take this group over, and 
after that the Government approved our 
recommendation that somebody should 
represent Canada. We had stayed right out of 
the nuclear power marketing business while 
CGE were operating.

Senator Grosart: You say you have 
informed industry you do not intend to stay 
in permanently, the nuclear power business.

Dr. Gray: Nuclear power sales. As soon as 
CGE, Canadian Westinghouse, B. & W. wish 
to start selling nuclear power stations we 
should be delighted to get out of it.

Senator Grosart: Would it be fair to say 
that your marketing decision was involuntary?

Dr. Gray: Not quite. I think we wanted to 
see somebody take this on, otherwise Canada 
was not going to be in the export business.

The Chairman: It was more or less forced 
on you?

Dr. Gray: Yes.

The Chairman: Since the company wanted 
to get out.

Dr. Gray: Yes.
(Short recess)
(.Upon resuming)

The Chairman: Are there any more ques
tions on marketing?

Senator Desruisseaux: Speaking about mar
keting, there was mention of 600 and 750 
megawatt plants. It may be well for us to 
know what it implies to make a 600 and pass 
to a 750 megawatt plant. It is a small matter 
to read it, but it may mean a lot more.

Dr. Gray: Ontario Hydro is building 500 
megawatt plants now, four of them. They are 
well on. The first one you can see in the 
photographs there in the exhibit. The first 
two will be operating in 1971. To go to 600 
megawatts was fairly simple. It just required 
operating the fuel and the pressure channel 
at a little higher rating than we had proved 
to be feasible in the reactors at Chalk River 
and at NPD with a small reactor.

It took very little design change to go from 
500 to 600. We do not have a 600 in Canada 
but we are bidding on 600 megawatts over
seas, and it is simply an uprated 500. It is the 
same type—it produces the same steam, but 
we may allow a little boiling in the channel, 
to get a little extra energy out. That is fairly 
simple. Going up to 750 megawatts is a little 
more of a problem. It is fairly simple, in that 
you probably put in more tubes. If one reac
tor has 300 tubes, and you are going up to 
750, you may put in 700 tubes. You put more 
fuel in. Of course, it is not quite that simple, 
in the 750 megawatt reactors. I have not kept 
up to date on it but I think we are using a 
different control principle. With the heavy 
water moderator, we normally dump the 
moderator to control the reactor. But I don’t 
think that in the 750’s we do so.

Dr. Lewis: In the 500 megawatt, we are not 
controlling it in this way. We are able to 
dump as a protective measure. The protective 
measures become less potent as you go to 
higher power. We are relying more on protec
tive shut-off rods.

Dr. Gray: Increase in power is done mainly 
by more of the same tubes. The NPD reactor 
was the first one with 20 megawatts. Then we 
went to a 200 megawatt reactor. Then there 
was the 500 megawatt reactor at Pickering— 
they were all the same except for the number 
of tubes. I think that the rating—the amount 
of energy you can get out of one of these fuel 
bundles—is going up. But the fuel bundles 
are very similar. We find you can operate at 
higher temperatures, higher pressures, and 
still be safe.
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Dr. Laurence is here from the Atomic 
Energy Control Board. We are required to 
meet their regulations and their safety limits, 
the temperatures, as to what atomic rating to 
take the fuel to. We have done experiments 
on this, and these are the valid safe limits.

We are going up slowly in these limits. The 
change is partly in putting more tubes in and 
partly increasing the rating of the core of the 
reactor.

Senator Desruisseaux: As to the plans for 
the future, is it towards larger plants?

Dr. Gray: In this line of reactors, we would 
expect Ontario Hydro to go to 1,000 mega
watts—after two big stations at 750—then 
probably 1,000, for this line of reactors.

We have a major program under way at 
Chalk River, to try to do two things. One is 
to lower the capital cost of these plants, 
which is high—if we can see a way of doing 
this with the intensive development program. 
The other thing is to increase efficiency. The 
efficiency overall is about 29 or 30 per cent. 
We would like to go to 40 per cent. If we can 
get that, we can afford to spend some millions 
of dollars doing it, and get a good result, a 
good payoff. We would also like to go to 
higher temperatures, perhaps to a superheat 
in the reactor. But we are in no position to 
offer this commercially and we will not be for 
five or ten years. However, we can see real 
advantage ahead of us on this type of plant— 
to spend more money, to increase efficiency, 
and lower capital cost. If we accomplish that, 
we have then to get into a different system. 
Dr. Lewis has some systems up his sleeve, for 
using energy from thorium, and this is fur
ther along the line.

The Chairman: We might come back later 
on to technology.

Senator Lang: I wonder if Mr. Gray might 
comment as to whether the recent political 
developments in Europe, particularly in Czech
oslovakia, will have an effect on us, in regard 
to plants in Czechoslovakia and Romania. I 
would also ask whether perhaps Canada’s 
position, its military posture, in Europe is 
having an effect on these problems.

Dr. Gray: It seems to be having no effect, 
at least in Romania. So far as we can see, our 
discussions with Romania are going very 
smoothly. In regard to Czechoslovakia, at first 
we were not aware that they were interested 
in our plant. I went over in June, as we were

going to Romania, in regard to the power 
project, and to Russia for a visit. In the case 
of Romania, it was a sales visit, but we 
decided to do a sort of formal visit to Czech
oslovakia and Russia.

When we got to Czechoslovakia we found 
that they were not so interested in the formal 
visit; they wanted to talk about the supply of 
a nuclear power station, and they wanted us 
to visit plants that they have and asked us to 
bid on a plant.

We went to Russia and told the Russians 
that the Czechs were asking us to bid, and 
the Russians said that if this was actually to 
be a heavy water power reactor, they wished 
“more power to us” and they would not 
object.

We raised the question of Finland. Obvi
ously Russia had stopped Finland from going 
into nuclear power and we were told we 
should proceed, there would be no objection.

Then August 6th came along and we did 
not hear anything from the Czechs. I had 
actually written, but I did not hear anything. 
I was in Vienna in September for the Inter
national Atomic Energy Agency General Con
ference and the Czechs very specifically 
sought me out. We had a meeting with my 
opposite number, the chairman of the Czech 
Atomic Energy Committee, and his senior 
people. They reasserted their interest in a 
Canadian plant and they assured us that this 
had been cleared in discussion with the Rus
sians, and would we please expedite our 
bid—which we have done.

I also spoke to the Russian atomic energy 
man and told him what we were doing; and 
again he reiterated that if we were offering a 
heavy water natural uranium plant, he 
thought we had the best system of that type 
in the world and we should go ahead.

Three months from now, we will be able to 
give you the real story.

Senator Yuzyk: It is gratifying to read 
about the success of cobalt-60. I understand 
that we have quite a lucrative export trade in 
cobalt-60. Are we still ahead in this field in 
the world?

Dr. Gray: Certainly commercially we are 
ahead. We are more involved in the sale of 
not only cobalt 60 but the equipment to use 
it, both for medical treatment and for radia
tion treatment and work in the research and 
development field. I do not think there is any
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question but that our equipment is the best in 
the world—it is under Mr. Errington’s guid
ance. It has been adopted all over the world 
by many people. I do not know if I can say 
more now, other than the fact that we supply 
more equipment to more hospitals around the 
world than anyone else, and more cobalt of 
this type than anyone. We are staying ahead 
in the case of equipment design. I think that 
the use of cobalt is pretty well known, so the 
use of it for medical treatment has probably 
pretty well settled down, the use as a radia
tion source has pretty well settled down. As 
to the use of it in other sources—we have a 
potato irradiator down near Montreal, where 
we built a plant to irradiate potatoes. That is 
coming. I do not have any doubt that we are 
further advanced than anyone else, except 
perhaps the United States Army—and per
haps even there.

Mr. R. F. ERRINGTON, VICE-PRESIDENT 
(COMMERCIAL PRODUCTS) ATOMIC EN
ERGY OF CANADA LIMITED): I might sug
gest a few things, starting at the end and 
working towards the beginning.

I think we are in a very good position in 
terms of major design and supply of major 
radiation, that is, gamma radiation facilities. 
We have done a good deal of work on food 
irradiation. Food irradiation has not really 
become a big thing yet in terms of supply, 
although its potential in the future is very 
big. It has had its problems. In terms of other 
major irradiation facilities, I think we are in 
a very strong position. The types of major 
irradiation facilities that are now coming in 
fairly rapidly are those used to sterilize hos
pital disposables such as surgical sutures and 
hypodermic syringes.

There have been quite a number of such 
plants builts in the world within the last 
four years, and I think that we have had our 
fair share. We built all of the early ones in 
North America, mostly in the United States; 
that is, all the early ones which were paid for 
by private money, where a competitive bid 
was very important. We did not get all the 
U.S. government irradiation facility orders. In 
fact, we got very few. We have been able in 
this type of field to break into the European 
market, against very heavy competition from 
Germany, France, Britain and Switzerland. 
We have been able in the last four months to 
commission two major plants in Europe as 
well as one in New Zealand. I think with 
respect to the matter of designing and pro
ducing major irradiation facilities that we are

well ahead or well up with anyone else. We 
have certainly supplied more than any other 
individual group.

Senator Yuzyk: Do we still have a good 
share of the American market for cobalt 60?

Mr. Erringlon: For that type of thing, I 
think we have a good share; a much better 
share in terms of the cobalt therapy machines 
used for cancer treatment. We have almost an 
embarrassing share of the United States mar
ket for such machines. Yes, I think we have a 
good share.

The Chairman: Why is it embarrassing?

Mr. Erringlon: Because when it becomes 
too big sometimes the rules are changed.

Senator Lang: That is a good answer.

Mr. Erringlon: We also have in that field a 
very good market in Europe—France and 
Italy. We also have a developing market, in 
spite of local hardware manufacturing by 
four companies, for hardware in Japan, 
which is very surprising to us.

Senator Cameron: What about the patent 
situation on this equipment? Who holds the 
patents?

Mr. Erringlon: We hold many of them, 
most of which are being violated by most of 
our 30 or 40-odd competitors. We have never 
taken any action against them because this, 
after all, is in the interests of humanity and 
we think we should be able to hold our posi
tion regardless. I am not sure whether it 
would be in the best interests of anybody to 
take action on this.

Senator Cameron: Then there is not much 
revenue coming from that source?

Mr. Erringlon: No.

Dr. Gray: There is no revenue, it is rather 
like a gentlemen’s agreement. The use of 
these is pretty broad. Just for the record, we 
have sold, by August of this year, 653 cobalt 
beam therapy machines in 52 countries; and 
with respect to commercial irradiation facili
ties, 219 in 35 countries. This work that is 
done by our Commercial Products group, 
where we have had marketing experience for 
the last 20 years, results in about $10 million 
a year in sales, 90 per cent of which are 
exported.

Senator Grosarl: Mr. Chairman, I believe 
Canadians are naturally concerned with the
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possibility of parent foreign countries inhibit
ing the competition in international markets 
by Canadian subsidiaries. I am wondering if 
the Canadian General Electric situation is a 
case in point, because quite interestingly, and 
I presume coincidentally, on page 6 of Ap
pendix 6 we have first of all in paragraph 
16 a statement that CGE informed AECL that 
they were not prepared to carry on. They 
suggested that a merger with AECL would be 
in the best interests of CGE, AECL and 
Canada.

I would like to see those three names in the 
reverse order.

Dr. Gray: I’ll have to see my editing staff 
about that.

Senator Grosart: I will not bother to relate 
that to a rather famous quote of Mr. Wilson 
of General Motors. Then in the next para
graph, speaking of competition in the world 
market, the following words appear:

It must be remembered that the com
petition abroad is from huge organiza
tions such as General Electric and Wes
tinghouse in the United States, the Unit
ed Kingdom Atomic Energy Authority in 
Britain and Siemens in Germany.

This seems to me to be a case where the 
Canadian subsidiary has pulled out so far as 
competition is concerned, leaving the field 
especially to the parent organizations of these 
two industrial entities.

I wonder if you could give us a little more 
information on this statement or suggestion 
by CGE that they were not prepared to carry 
on. Did you ask them why? Did you protest 
this? Did you ask them, “Is it money? Can 
you not get the money from your parent com
pany?” Or do you see in this situation the 
kind of danger that we seem to be eternally 
faced with in Canada in respect of parent and 
subsidiary companies?

Dr. Gray: Well, senator, I do not see any 
danger in this particular one. We have been 
pretty close to this for 10 years. I think 
Canadian General Electric have been allowed 
to proceed in this field as though they were 
not a wholly owned subsidiary of General 
Electric Corporation. Certainly they have had 
a free hand in Canada so far as I am aware 
and in the world market as well. I do not 
know that they had a free hand in the United 
States; they probably could not have sold in 
the United States.

We did probe why CGE wished to pull out 
of this; in fact, we were very much interest
ed. The main reason is that CGE, as a nuclear 
power station supplier, did not have access to 
the Canadian market. The reason they did not 
have access to the Canadian market, and I 
am being quite straightforward, is that 
Ontario Hydro is the Canadian market at the 
moment and Ontario Hydro is not prepared 
and has never been prepared to tie itself to 
one supplier. The whole history of Ontario 
Hydro, and of most of our utilities, is to call 
for competitive bids. They like to get at least 
three competitors to bid on any equipment. 
So very early in the game, 10 or more years 
ago, they made it quite clear that they would 
be buying on the open market. The only way 
they could do this was to design the plants 
themselves or have them designed for them 
by a consulting engineer. They would not buy 
a complete plant from Canadian General 
Electric, where there was no competition. We 
have actually been the consulting engineers 
for Ontario Hydro in the nuclear end. They 
are their own consulting engineers so far as 
the rest of the plant is concerned.

Canadian General Electric has an equal 
chance to bid on pieces of equipment but not 
on the whole plant. So with no access to the 
Canadian market, and trying unsuccessfully 
for a market in Finland and the Argentine, 
they had invested all the money in this field 
that they felt they could as a Canadian 
company.

Whether they should have been instructed 
by the American company or by anybody else 
to invest more money and to try to keep it 
going is a moot point. But they decided—and 
whether it was a totally Canadian decision or 
not, I am not aware—they decided that they 
could not invest any more money in trying to 
get foreign business, and I think also that 
they concluded that for at least the next few 
years there would not be enough business to 
keep the group healthy in the foreign market. 
They were having difficulty getting business 
in the foreign market because they did not 
have a Canadian power station which had 
been designed and built by Canadian General 
Electric to show the foreign market. In fact, 
CGE supplied very little of the equipment to 
the Douglas Point plant, which is our first 
plant of commercial size.

So I think that the pull-out is quite under
standable and quite valid under the circum
stances, and, except for the American mar-
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ket, I have seen no evidence whatsoever that 
they are inhibited by the parent corporation.

Senator Grosarl: That brings up the second 
question. The nuclear system that CGE would 
be interested in is rather different, as I 
understand it, from the American system.

Dr. Gray: Yes.

Senator Grosart: Would this influence the 
decision? It would seem to me that here is a 
decision by one part of the General Electric 
organization in favour of a foreign type sys
tem rather than the Canadian system—not 
foreign to them, of course. I am not suggest
ing that.

Dr. Gray: So far as I am aware Canadian 
General Electric had a completely free hand 
to develop a system different from the Ameri
can system so long as they did not lose any 
money.

Senator Grosart: Have you brought this 
situation to the attention of Ontario Hydro?

Dr. Gray: Oh, yes, they are fully aware. 
Ontario Hydro is fully aware of the whole 
program. I do not know how many Ontario 
Hydro employees are working side by side 
with our employees in our Toronto office, but 
it is like one big engineering organization. It is 
half Ontario Hydro and half AECL. So they 
are fully aware of all these points.

Senator Grosart: Does the same situation 
prevail in Quebec?

Dr. Gray: Do you mean with respect to 
designs for Hydro Quebec?

Senator Grosart: Does Hydro Quebec have 
the same purchasing policy as Ontario 
Hydro?

The Chairman: In terms of dealing with a 
monopoly, in other words?

Dr. Gray: Yes, Hydro Quebec does have the 
same policy.

Senator MacKenzie: Mr. Chairman, I have 
a very brief question in line with Senator 
Grosart’s questions. It has been stated that 
there is a difference between the Canadian 
system and the American system. Naturally 
ours is better, but what is the difference?

The Chairman: That is hardly a brief ques
tion, Senator MacKenzie.

Dr. Gray: The main difference is that we 
use heavy water as a moderating material to

slow neutrons down so that they can do their 
job, whereas the Americans are using ordi
nary water. This main difference then leads 
to a lot of other differences. Putting it anoth
er way, the main difference is that, because 
heavy water is a very good moderating 
material, a very efficient one, and does 
not capture the neutrons, we can use natural 
uranium, whereas the Americans have to use 
enriched uranium to make their system work. 
This is the fundamental difference. They are 
both water cooled; they both raise steam at 
about the same temperature.

Senator MacKenzie: Is there much differ
ence in cost?

The Chairman: Now you are back on the 
track.

Dr. Gray: The capital cost of the American 
stations is lower. It is very difficult to com
pare them because no one has a real knowl
edge of what their costs are. However, a 
recent study—it is the most recent study—has 
just been done for Brazil by the International 
Atomic Energy Agency. In it they conclude 
that the Canadian type of plant—I think the 
500 megawatt size—would cost $240 a kilo
watt, whereas the American type of plant 
would cost $200 a kilowatt in capital cost. 
However, the fuel cost is where we have a 
winner. We are way down in fuel costs. Our 
fuel costs are something in the order of .7 
mills per kilowatt hour and going down; the 
Americans’ fuel costs are 1.4 mills per kilo
watt hour and going up. They may come 
down.

Without low fuel costs, of course, our sys
tem would not be acceptable to anybody. But 
with low fuel costs it turns out that we, 
under our circumstances, produce lower ener
gy costs. The mills per kilowatt hour are 
lower from the CANDU system in Ontario 
Hydro than they would be in a similar 
American system.

Senator Grosart: Still on this same ques
tion, I know from your brief and from other 
papers that have been prepared by your staff 
that you have a very great confidence in the 
competitive future over the long term of the 
natural uranium/heavy water reaction sys
tem. Your brief says that there are nuclear 
energy plants in 50 countries. Roughly how 
many plants are there in total in those 50 
countries?

Dr. Gray: There must be at least 30 or 40 
in the United States alone.
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Dr. Lewis: I am afraid I have lost the 
connection.

Mr. Watson: The total number of atomic 
energy plants in the whole of the world?

Senator Grosart: I am asking for the total 
number of nuclear power plants in the world.

Dr. Gray: I would be surprised if we actu
ally said that there were nuclear power plants 
in 50 countries.

Senator Grosart: I may have misinterpreted 
what I read. On page 8 of Appendix 6, in 
paragraph 24, you state that:

Today some 50 countries have operat
ing nuclear reactors of one type or 
another.

Dr. Gray: These are research reactors. 
They are small reactors. Taiwan has a two 
megawatt reactor, and that is one country. 
They are producing no power. The only coun
tries that have operating nuclear power sta
tions are the United States—and they have a 
whole list of them, and that is a big pro
gram,—Canada, Germany, France, Italy, 
England, Spain, Pakistan under construction, 
India under construction, Japan and Russia. 
Czechoslovakia is building one.

Senator Grosart: I probably misunderstood 
the word “operating”. I took “operating” to 
mean operating in the energy field. But of the 
nuclear reactors now operating, what percent
age or what number of them is using the 
heavy water system?

Dr. Gray: Well, Pakistan and India have 
heavy water systems.

Senator Grosart: We supplied those. Was 
that part of External Aid?

Dr. Gray: The one in Pakistan was part of 
the External Aid program, but the one in 
India comes under Export Credits. They are 
borrowing the money. That power program 
has nothing to do with External Aid. Howev
er, they may have some training in it under 
External Aid.

France has a heavy water plant operating. 
It is a slightly different type from ours, and 
they are investigating ours now. The United 
Kingdom has a heavy water power reactor 
similar to the one we have in Quebec.

Dr. Lewis: But it is not natural uranium.

Dr. Gray: No, but it is heavy water. Italy 
has a small one and is developing another

like the one we have in Quebec. Japan has a 
major national program which they call their 
ATR—Advanced Thermal Reactor—which 
uses heavy water. It is like our Gentilly reac
tor with heavy water moderator and boiling 
light water coolant.

Senator Grosart: I realize it is not possible 
for you to cover this entire field, and for 
other reasons, and I emphasize “other”, you 
have decided to stay with the heavy water 
type. But you say that our competitors in 
carrying out plans for fast breeder reactors 
are hoping to overtake us. What is the signifi
cance of that marketwise?

Dr. Gray: If the fast breeder reactor works 
as the designers and proponents expect it to 
work, you will end up with a very low fuel 
cost. It ends up with being almost just carry
ing charges because they produce more than 
they burn. However, there are a lot of prob
lems ahead for that system, and you get vary
ing estimates even from the proponents as to 
whether they will have it in commercial use 
in 1985, 1990 or 1995. If they did not have 
these problems, or if they succeeded in solv
ing them, it would be a competitor. It is a 
high capital cost and very low fuel cost plant. 
If the fast reactor breeder comes off, they 
will be a competitor, but they have to have 
reactors like ours to get started, they have to 
have a lot of plutonium, and we have the best 
plutonium producer. In fact it is better than 
all the other reactors. If we stop and if we 
don’t have support for our programs for any 
reason or if no funds are available, we will 
be overtaken quickly, because we just cannot 
sit still. We have got to move ahead. How
ever, we have no evidence of this lack of 
support.

The Chairman: Are you doing research on 
breeder reactors?

Dr. Gray: We have no specific programs 
identified as such. We have done some work 
on the Intense Neutron Generator which 
involves liquid metal coolant, which would 
give us some experience and may well be one 
of the payoffs from that program even though 
it has been going on in this way. We may be 
getting into the edges of fast breeder tech
nology. Up until now we have felt our money 
was better spent in another field. Fast reac
tors are not necessary for the Canadian scene.

Dr. Lewis: There is a much more funda
mental reason. It costs so much, and we have 
never been funded on a scale that would 
come near the fast reactor programs.
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Senator Aird: Have you asked for funds?
Dr. Lewis: No, because we think we are 

competitive in the line in which we are going.
Senator Grosart: Dr. Lewis referred to the 

“popular” hopes for the viability of the fast 
breeder reactor. Is this suggesting it is not a 
scientific hope?

Dr. Lewis: That is a correct interpretation. 
That is to say the very big expenditure on 
these programs is intended to make the thing 
viable and scientifically there is very good 
reason for having to spend this money. 
However, it is a very difficult technical pro
gram to pull off. This is a very complicated 
subject, but I think the simple thing we 
would say is that we do not expect ourselves 
to be put out of the competition, but it is still 
a competition and unless we go on with our 
own design, then of course we would be 
overtaken.

Dr. Gray: We will be having discussions 
with the U.S. Atomic Energy Commission— 
within the next couple of weeks—and among 
other items to be discussed will be the access 
of Canada to their fast reactor programs. 
Whether we will reach an agreement or not is 
something else. But I don’t think that there is 
any doubt that if we had a real interest and 
funds—and this will happen some day—to get 
into this fast reactor program, we could 
arrange with the United States to get access 
to many millions of dollars worth of R and D. 
This is one of the subjects we will be talking 
about.

Senator Yuzyk: Do fast breeder reactors 
require new plants?

Dr. Gray: They certainly do.
Senator Yuzyk: It is not merely a 

variation?
Dr. Gray: No.
Senator Grosart: Assuming you go on on 

the line you are mentioning, reducing capital 
costs and increasing efficiency do you expect 
the heavy water reactor will remain competi
tive in Canada and in international markets 
in the foreseeable future?

Dr. Gray: Yes, very much so because the 
low fuel cost can be a great advantage. It is 
like having a hydraulic plant with the Ottawa 
River running through it. If you have a low 
fuel cost it will be possible for the plant to 
continue operating, but if you have high fuel 
cost it will have to close down. I feel such 
plants have a long life once they are built.

Senator Grosart: How much of the capital 
cost gap do you think we might be able to 
close in the foreseeable future?

Dr. Gray: It depends on the optimism of 
the engineer making the estimate. When you 
get to a 1,000 megawatt plant, eight or 10 
years from now, the cost will be no more 
than the American cost. I think this is a good 
target and I hope we will reach it. But I 
think it will be difficult to close the gap com
pletely. However, when we get into the 1,000 
megawatt range, if we can make the progress 
we hope to make, we will be very close to the 
unit capital cost of the big American plants. 
We are well within the British unit capital 
cost now.

Senator Grosart: What is the present capi
tal cost disparity?

Dr. Gray: In this report, which is as good as 
anything, they are saying at 500 megawatts 
ours is $240 a kilowatt, and the American 
type plant would be $200 per kilowatt. This 
is, I think, a good estimate.

The Chairman: Would not the implication 
of all this be that it would be in our interests 
to build larger stations than the Americans?

Dr. Gray: Yes.
The Chairman: And I am under the 

impression that the Americans are already 
building larger power stations than we are.

Dr. Gray: Yes.
The Chairman: Why is that?
Dr. Gray: It really relates to the utility, to 

the size of the utility. Until now 500 megawatts 
was all that Ontario Hydro felt they want
ed to put in one unit of their system. These 
double every ten years. It does not take long 
before they go from 500, to 750, to 1,000 to 
1,500 megawatts—about as fast as you can 
design them. In the American system the 
facilities are very large, and, TVA were able 
to take 1,100 megawatts without any trouble; 
and, of course, there is the competence in 
building them to a firm price. But I think that 
within three years we will be starting the 
design of a 1,000.

Senator Lang: What is the Pickering cost 
per kilowatt?

Dr. Gray: About $250. It really depends 
what you put into it. The $250 includes opera
tor training, half the first fuel charge, heavy 
water, interest during construction, with 
escalation, it may rise over the $250.
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Senator Lang: What is coal by comparison 
per kilowatt?

Dr. Gray: At a guess, $100, $110 a kilowatt. 
We could get an accurate figure for you.

The Chairman: Capital cost?
Dr. Gray: Yes, capital cost, and fuel costs 

are 3 mills per kilowatt hour. This is the only 
reason we are competing with coal.

Senator Yuzyk: Could you explain the 
advantages of thorium in the reduction of 
fuel costs?

Dr. Gray: Sources of energy for the future 
is one of the reasons the United States is 
developing fast breeder reactors. They claim 
that if you just burn uranium you are going 
to run out of fuel. We think there are other 
ways of utilizing the fuel rather than a fast 
breeder. With the CANDU type system, that 
is the core, the atmosphere in there is very 
good for burning thorium. If we let the heavy 
water moderator reactor operate like the 
Pickering reactor, and if we do that in a 
boiling regime, I think we have an ideal 
situation to burn thorium. It happens to be 
what thorium likes.

In our reactors we can bring it in as a fuel 
without changing the reactor. Thorium is not 
fissionable; you have to put in something like 
Uranium 235 or plutonium.

One of Dr. Lewis’ latest theories is a multi
ple fuel reactor which burns thorium along 
with plutonium and uranium, and ends up 
extending the energy reserves far into the 
future. It is a different solution to the prob
lem of energy reserves from the one the 
Americans are proposing in the breeder pro
gram. Both these will come about. There is no 
doubt that the breeder reactors are going to 
be built, and probably they will be successful. 
I think there is probably no doubt our thori
um burner will be built and that it will be 
successful.

Senator Kinnear: May I ask a supplemen
tary to Senator Lang’s question on Nanticoke? 
I understand they are going to use coal, and 
it is causing some concern throughout south
ern Ontario because of the pollution. I 
understand what you are saying is that a 
coal-fired plant will cut the cost of operation, 
probably, in half.

The Chairman: No, the cost of construction.
Senator Kinnear: The capital cost, thank 

you. What about the pollution area?
Dr. Gray: There is really no pollution from 

a nuclear plant. The Control Board control it

so closely that really pollution is nil. First of 
all, there are no stack gases that you have 
from a coal plant—there is no S02. We think 
that the Pickering nuclear plant will be com
petitive with the coal plant. We think that the 
unit energy cost will be like Nanticoke. They 
are cheaper to build, but more expensive to 
operate. Probably if they added the cost of 
pollution control into the conventional ther
mal plant, it would put their cost up another 
few dollars per kilowatt. Ontario Hydro will 
have to build some more coal-fired plants for 
various reasons—to balance its system and 
have peaking available; and they are well 
aware of the problem of pollution and the 
public concern.

Senator Kinnear: Lake Erie is one of the 
worst polluted of the Great Lakes. They con
sider that the temperature rise in the water 
will be about 2 per cent. Is not this going to 
add to the pollution problem, with the algae 
we are encountering there all the time?

Dr. Gray: I would not like to pose as an 
expert in pollution or coal-fired plants. We 
cannot claim that our plant would not raise 
the water temperature either. We will try not 
to locate them on Lake Erie, but put them on 
Lake Huron, or down lower!

Senator Kinnear: I do not think anything 
will grow in that cold water.

Senator Yuzyk: What about Hudson Bay?
Senator Grosart: Is this what they call 

thermal pollution?
Dr. Gray: Yes, this is what they call ther

mal pollution.
Dr. Lewis: I think this is getting somewhat 

exaggerated. This is not raising the tempera
ture of Lake Erie. It must be in the vicinity 
of the plant, in the cooling water.

Senator Grosart: If you could raise the 
temperature of Lake Ontario you might make 
it possible to swim in.

The Chairman: Honourable senators, the 
committee will adjourn now to reassemble at 
3.30 this afternoon at which time we will 
resume our questioning of the witnesses.

The committee adjourned.

AFTERNOON SITTING
(Second Session)

—Upon resuming at 3.30 p.m.
The Chairman: Honourable senators, this 

morning Dr. Gray presented a detailed state-
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ment of the activities and plans of his agency, 
and this was followed by the beginning of the 
usual question period; we dealt mainly with 
the marketing prospects for nuclear reactors 
and other products developed by Atomic 
Energy both at home and abroad.

This afternoon we will go on with that dis
cussion and deal as well with other aspects of 
the activities of Atomic Energy of Canada 
Limited. I would ask Senator Aird to continue 
with the questions he began to ask this morn
ing.

Senator Aird: Mr. Chairman and Dr. Gray, 
I would like to take you back, if I may, to the 
brief. I would like to make reference to page 
4, paragraph 11, the first sentence:

First of all, I have some doubts as to 
whether the figures reported on R and D 
in Government are correct, simply 
because I doubt that accounts are kept 
that way. Certainly we do not do so in 
AECL.

Throughout the brief, in addition to this 
statement, you made continual reference to 
accounts. That aroused my interest as to the 
accounting procedures you do follow in 
AECL. I had an opportunity to study the two 
most recent annual reports, 1967-68 and 
1966-67. I trust that you have these before 
you, sir, as we have discussed this question 
informally before the holding of this meeting, 
inasmuch as I felt that you should have some 
notice of this kind of question.

I am concerned about the two columns in 
these reports that refer to the year 1967. Tak
ing the 1967-68 annual report, for instance, 
under “Operating expenses for science, Chalk 
River’’, we find $4,629,115. When we go across 
to the previous year’s statement regarding the 
same expenditure, we find under “Science, 
Chalk River” the figure $9,363,824.

In similar fashion, some of these items are 
changed, but the total is constant, it is $55,- 
494,598 in both cases.

My question to you, sir, does not relate to 
the propriety of your statement or the fact 
that it has no doubt been approved by the 
Auditor General of Canada. What I am con
cerned about is, who decided on these 
changes, how did they come about, who 
determines the allocations? If there is a dis
crepancy of some kind or another, might I 
suggest to you that a normal commercial 
practice would have been to annotate it in

some way, so that this could have in effect 
been spelled out for the public to appreciate? 
I appreciate that this is an accounting ques
tion and not a scientific question but it is the 
kind of thing we are interested in. We are 
interested in allocations, we are interested in 
priorities. Perhaps you would like to take this 
question under notice?

Dr. Gray: Senator Aird gave me an oppor
tunity to look at this. I did not have the 
answer right off so I checked with the trea
surer of AECL. He assures me that certainly 
in our accounting field—that is, the Crown 
corporation accounting field—what is done is 
correct and should not have a note. The deci
sion as to the form is usually made by the 
treasurer and by me. What happens is a 
change of organization, a change of structure, 
and we end up changing programs. There is 
no difference in the money, the money was 
spent in 1967 and we have detailed accounts 
to show how it was spent. But, when setting 
up the accounts for 1968 we had a change of 
organization. He advises me that it is stand
ard accounting practice—in a Crown corpora
tion, at least—that it is a requirement that 
the two columns be comparable for the con
tent in that particular item. There is no argu
ment about the total, the arithmetic is cor
rect. This relates to each individual item. What 
the Auditor General requires us to do is that, 
if we have had a change we do this. If under 
1968 we have included under Science $4.7 
million we are required to include the same 
things in 1967 Science, and put an amount in 
and it does come out to $4.6 million so that 
you can compare equal with equal. We do not 
have the same headings in 1967.

The question Senator Aird raises is in rela
tion to putting in a note to explain this. If we 
did not do it in this way, if we put the 
regular 1967 items, those we had in 1967, and 
did not explain it, we would have to put a 
note in.

Having done it this way—and the treasurer 
advises that not only is a note not required 
but it is not good accounting practice. Senator 
Aird is much more able to decide what is 
good accounting practice than I am. We will 
certainly take this under notice and speak to 
the Auditor General, and perhaps next year 
we can put a note in.

Mr. Golden: I can assure you that this is 
going to be looked at, because I sign both of 
these statements.
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Senator Aird: I am not questioning your 
arithmetic or your honesty. What I am con
cerned about is disclosure to this committee 
and to the public of Canada. It may very well 
be that the decision is that this is not to be 
done by way of note. I thank you for the 
compliment to my accounting abilities—but I 
think that in commercial practice one would 
lean over backwards to disclose this kind of 
thing.

I would like to proceed, if we have dis
posed of that question. I do not want to be 
petty or picayune in dealing with semantics 
of your brief but I would like to refer you to 
the second question on page 6, under Item 16. 
The second sentence says:

For example, the U.S. nuclear energy 
research and development laboratory at 
Argonne is run by a group of universities 
co-ordinated by the University of Chicago 
under contract with the United States 
Atomic Energy Commission. AECL could 
enter into contracts with Canadian uni
versities to run its two major research 
establishments. Then $40-$50 million 
would promptly be transferred to the 
heading ‘R and D in Universities’ from 
that of ‘R and D in Government’.

My presumption is that this suggestion is 
made without your tongue in your cheek. I do 
not want to deal with accounting too much, 
but to bring about results like this simply to 
change some accounting practice strikes me 
as being somewhat incongruous. I am sure 
this is a valid suggestion by you. What I 
really would like to know is, is it a firm 
suggestion?

Dr. Gray: No, senator, it is not a suggestion 
at all. What I am trying to argue is that the 
method of doing accounting does not really 
show what is done “in house” as distinct from 
what is done by contract or elsewhere.

The Chairman: This applies only to your 
capital expenditure?

Dr. Gray: No. Operating expenditures, very 
much so. Capital as well. All the equipment 
that we buy is from operating funds. But, for 
example, when we contracted for the White- 
shell reactor, and made an expenditure of $10 
million which went to Canadian General Elec
tric, that was capital. Generally speaking just 
as much is spent in this way in operating as 
in capital. The quantity of expenditure in R 
and D that is charged to Government

laboratories is much more than is done in 
Government laboratories. A lot is done in 
industry, some in universities.

Senator Aird: So, this is illustrative?
Dr. Gray: Yes, we are not suggesting that 

Toronto University take over our operation.
Senator Aird: Again on page 4, paragraph 

11, I presume you are making the same point 
there regarding Whiteshell?

Dr. Gray: Yes.
Senator Aird: If this is the case, who decid

ed that Whiteshell would be so charged?
Dr. Gray: It is in our cost, so the Bureau of 

Statistics would say it is R and D, if we 
spend $40 million, including this $10 million 
all is charged to Government research.

Senator Aird: Have you objected to this 
inclusion?

Dr. Gray: We have no objection, except 
that decisions may be made on information 
that is really not correct. We do not think 
there is as much “in house” Government 
work done as the public accounts indicate.

The Chairman: This would apply also to all 
other agencies.

Dr. Gray: Yes, most other agencies anyway.
The Chairman: Could I for the sake of our 

procedure go to Senator Grosart and then to 
Senator MacKenzie?

Dr. Gray: Mr. Chairman, I answered two 
questions this morning with some reserva
tions. One question was on the cost of a ther
mal power station relative to a nuclear power 
station, and I said, roughly, that ours cost 
around $250 per kilowatt and the thermal cost 
maybe $100 or $110 per kilowatt. I have been 
able to get more accurate figures. This is the 
report to the World Power Conference by 
Ontario Hydro. Comparable numbers that 
they have used are that in the Pickering type 
plant it is $244.7 per kilowatt for nuclear 
plants as compared to $121.5 for coal-fire 
plants. It is about half. The coal-fired plant 
is a little higher than I had predicted.

I discussed this on the phone with Ontario 
Hydro and they think about $125 per kilo
watt, electric, is about right for the present 
plants, but if they go to super critical coal- 
fired plants that price will rise to perhaps 
$240.

Senator Grosart: That is capital?
Dr. Gray: That is capital, yes.
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Senator Leonard: Have the Swiss contrac
tors not been tendering the lowest bids on 
some of these reactors?

Dr. Gray: On turbines I think the answer is 
yes.

Senator Leonard: But not on the nuclear 
reactors?

Dr. Gray: The Swiss are not offering nuclear 
plants.

Senator Leonard: But these are tendered on 
international plants, on plants in the UK and 
in the United States.

Dr. Gray: They offer only the turbine end 
of it.

The other question was asked by someone 
who wanted to know where all the heavy 
water plants were located. I have a list here, 
if anybody is interested in it. There are nine 
heavy water nuclear power stations in opera
tion around the world. There are another 14 
that are committed.

The Chairman: Could you give the full title 
of that publication, please?

Dr. Gray: Yes. It is Report NOD-2 of the 
World Power Conference held in Russia in 
August of this year, entitled Operating Per
formance and Economics Heavy Water Moder
ated Nuclear Stations, and it is by the Hydro 
Electric Power Commission Ontario.

Senator Grosart: Mr. Chairman, I would 
like to return to the question we were discuss
ing this morning, which relates to the par
ticular system that Canada, through the 
AECL, has decided to go ahead with rather 
than adopting the enrichment system or any 
other system that might be in use in other 
countries. It seems to me that this is for a 
Science Policy Committee perhaps the major 
question that it should satisfy itself on. I am 
concerned that it might not be long before 
you are proved wrong. I say “might". It 
might not be long before you are proved 
wrong. I base this on comments that have 
been made by other competent people, and I 
am sure you know who they are. I would ask 
you to reassure us as to your positiveness 
about the course you have decided to take in 
view of such questions as are raised by, say—

Dr. Gray: May I help you?
Senator Grosart: I think you know whom I 

mean: Mr. Winnett Boyd, who says quite 
frankly that you are wrong and that AECL is 
endangering the whole Canadian scientific 
investment in nuclear science. Now, he has

quite a background in this field. He was with 
you at one time, I think. He was Chief 
Mechanical Engineer on the NRU, and so on. 
Will you give us your answer to his very bald 
statement that there is a great danger that 
you are wrong in putting all your nuclear 
atomic eggs in the heavy water basket?

Dr. Gray: We have known Mr. Boyd for a 
number of years. He never worked for us 
directly. He was with the C.D. Howe Compa
ny as their Chief Mechanical Designer on the 
NRU plant. He did a very good job. He is a 
very able designer. He also did some design 
work on a system of a high temperature gas 
reactor that he tried to influence us and many 
people to buy, or to build, but it did not get 
built.

I think, to put it really into context, for one 
Mr. Boyd we have at least 100, if not more, 
men of equal competence who are on our 
team and who do not happen to agree with 
Mr. Boyd.

Whether one man is as good as 100 I do not 
know. But we are well aware of his system 
and we have many more chances and oppor
tunities to analyse his system as against ours 
by our own people and by others. We have 
access to the British program which is a sys
tem somewhat similar to Mr. Boyd’s system. 
There is absolutely no question whatsoever in 
my mind and in the minds of our senior 
engineers and scientists that we are on the 
right line. What is more important to me is 
that independent people like Ontario Hydro— 
and they did not get into this blindly—in the 
very early stages, back when Dick Hearn was 
Chairman, put their man who is now Chief 
engineer right into this nuclear power pro
gram in 1954 and he was brought up with the 
whole thing until about 1958 or 1960 when he 
went back to Ontario Hydro. So that within 
Ontario Hydro they have a full competence 
equal to Mr. Boyd’s, multiplied many times 
over, to make their own decision as to what 
is a good reactor for Ontario Hydro and what 
is a good nuclear power station.

They have firm price bids from American 
suppliers. I do not think the British have ever 
given them a firm price bid, mainly because I 
don’t think the British ever thought they had 
a chance of winning.

Ontario Hydro is deciding to build this type 
of plant within their system in very large 
sizes, and it not only involves very large 
amounts of money because, when you get 
3,000 megawatts in a plant in a system like
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Ontario Hydro’s, it is much more than money 
that is involved. It is availability of power. 
They are making these decisions based on full 
knowledge not only of our input but of their 
own input and, to me, this so much more 
outweighs the opinion of any individual—I do 
not care who it is, even it if is Dr. Lewis, and 
he does have some competence.

This is the sort of weight that we put on 
the decision that has been made to carry on 
with our type of plant.

Now, what is coming offshore is, of course, 
equally important. The Australians have been 
working in nuclear power for 15 years and 
they have decided that the national program 
is going to be heavy water natural uranium 
fuel reactors, and they have a full compe
tence to reach this decision on their own. 
They are not being led up the garden path by 
anybody. They have full access to the British 
program. They have a number of people in 
the British program. They have fairly full 
access to our program, that is, to our research 
and development program. They have people 
in our establishment.

South Africa is another one. I do not think 
South Africa’s research and development 
program has anywhere near the depth that 
Australia’s has, but they brought in outside 
consultants to help them reach a decision.

The reactor that the UK is offering on the 
open market is a heavy water reactor. They 
are offering both, but the one we are compet
ing with is the heavy water reactor; the UK 
is offering that. The French have just now 
started to become very interested in our type 
of reactor, and so it goes.

Our board and senior officers are absolutely 
satisfied that this is the right system for 
Canada at this time.

Senator Grosart: Speaking of Mr. Boyd, 
you say his system. Do you identify him with 
an interest in a competing system?

Dr. Gray: Oh, yes. He designed the system 
and I understand, according to that paper you 
have there which I read recently, that he sold 
it to Arthur D. Little Company. He sold the 
rights, but he admits that it will never be 
used. It is 10 years old. There is nothing 
wrong with it. It is a good design, but in our 
view it was not a competitive design even at 
that time.

Now, there is a later version of that which 
is different. The high temperature gas reactor 
is being developed in the United States and

Europe and it may well become a good reac
tor system, but this is 15 years after we made 
the decision, and after we got a major pro
gram going.

The decision to go to heavy water reactors 
was made not when there were a dozen or 
two boiling light water or pressurized light 
water reactors being built. The decision was 
made at the time the nuclear submarine pro
gram was getting under way in the United 
States. We started parallel with them, but the 
Americans got ahead of us in time owing to 
the magnitude of their program. But even in 
retrospect I am sure that all of us who have 
been closely associated with this would do the 
same thing again. We wouldn’t go off on the 
enriched light water line.

Senator Grosart: Assuming from the point 
of view of availability and the other factors 
you have mentioned that it will be the best 
system for Ontario and for Canada, is there 
any possibility that it is not the best system 
to break into the international market with?

Dr. Gray: We will not get into all areas of 
the international market. There are many 
areas in the United States where the system 
does not fit too well. Where you get a capital
ization rate of 14 per cent, as is the case with 
some of the utilities there, our higher capital 
cost is not offset entirely by the very low fuel 
cost. The best thing then is for such utilities 
to build a lower capital cost plant like BWR. 
I would imagine the cutoff point would be 10 
per cent. The capitalization rate under 10 per 
cent has a better chance of getting better 
results from our plant. But the American 
market is going to be difficult to get into 
because of the strength of the concerns there 
like Westinghouse and others. There are one 
or two areas where we think that our type of 
plant will be installed.

Senator Grosart: You mentioned this 
morning a number of very interesting pros
pects around the world. Do you feel that it 
would be every bit as competitive with heavy 
water as with enriched uranium?

Dr. Gray: Yes, very much so.
Senator MacKenzie: I have a question, Mr. 

Chairman, and my question is very much 
along the lines of those asked by Senator 
Grosart. I would like to ask two or three 
different questions but along the same lines. 
Who produces your heavy water?

Dr. Gray: At the moment the only produc
tion of heavy water, that is the only produc-
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tion in quantity, is in the United States. It is 
much lower now than it was. There are small 
plants in India and France, and there are two 
large plants being built in the Maritimes in 
Canada, but they are not running yet. There 
is one plant being built at Glace Bay and 
another at Port Hawkesbury. The plant at 
Glace Bay is very close to going into produc
tion.

Senator MacKenzie: Is there likely to be a 
market for that heavy water, not only here 
but so far as other utilities are concerned?

Dr. Gray: If we had heavy water available 
I could quite easily sell $50 million worth 
tomorrow. Those two plants have been guar
anteed a market by the Government of 
Canada, and that is presently being taken up 
by Ontario Hydro. There is no question about 
a market being available for 12 years.

Senator MacKenzie: If I remember correct
ly they did produce some heavy water at a 
plant in Trail during the war. Why did that 
go out of production?

Dr. Gray: They had a small plant, but it 
was quite expensive, and it was shut down in 
the late 1940s.

Senator MacKenzie: I take it it wasn’t eco
nomic at that time to continue the production.

Dr. Gray: It was a different process and the 
price was not competitive particularly with 
the larger plants built in the United States.

Senator MacKenzie: Is one of the reasons 
we have adopted the practice we have due to 
the fact that we have available substantial 
quantities or natural uranium and are not as 
much interested in enriched uranium as some 
other people?

Dr. Gray: This is certainly one of the rea
sons. Enrichment would be available to us 
from the United States. We have never 
had any indication that we could not get 
enrichment from them. In fact we get it all 
the time for small booster rods for our 
reactors.

Senator MacKenzie: But we are fairly well 
placed so far as natural uranium is 
concerned?

Dr. Gray: We have one of the largest 
reserves of uranium in the world.

The Chairman: Is it true that we have about 
40 per cent of known sources?

Dr. Gray: I don’t know the answer, but it is 
fairly high. Perhaps Dr. Lewis can answer 
that.

Dr. Lewis: Below a certain price level, yes, 
we have about 40 per cent.

Senator MacKenzie: My next question 
deals with the problem of nuclear waste. If 
Dr. Laurence were here he could probably 
answer it. I have long been interested in the 
methods of dealing with nuclear waste, and 
how effective those methods are and whether 
they are likely to pose a serious problem in 
the future as the number of stations increase, 
and the amount of waste will probably 
increase as well.

Dr. Gray: Well, Dr. Laurence will be 
appearing tomorrow or the next day, if you 
would like to hold that question until then. 
However, I would point out that the main 
waste is inside those fuel bundles, as you will 
see down on the end table there, and there is 
no problem in controlling that until you put it 
through a chemical plant to process it. We 
don’t have a chemical plant yet, but we will 
have. We have no waste to handle other than 
the waste we have at the research sites of 
Chalk River and Whiteshell. There we dis
pose of it through burial in concrete or stain
less steel pits or just in the ground, depend
ing on what is involved. We do a lot of work 
on this, but we have had no trouble in han
dling this in Canada at Chalk River and 
Whiteshell. In the United States, of 
course, they are handling very large quanti
ties of waste and this becomes part of the 
cost. It is worked in. It is part of the 
reprocessing there.

Dr. Lewis: We made a presentation on this 
to the Third Geneva Conference in 1958, just 
after we had satisfactorily completed our 
work to a certain stage. The estimate of the 
cost of this process on a large scale was .01 
mills per kilowatt hour. Now although this 
may seem a very small figure, it is neverthe
less significant when you talk about 20 mil
lion kilowatts which we will be doing some 
time from now, but it has not in fact neces
sitated that we should do any more work. The 
situation in the United Kingdom is very par
allel. They have also developed a very similar 
system and it is in abeyance because it is a 
very low cost system and at the present time 
there is more interest in keeping the fission 
products available rather than locking them 
up and disposing of them. Now, of course, in 
the United States they have got everything— 
all kinds of processes.

Senator MacKenzie: Are some of the users 
of the nuclear material still disposing of the 
waste in the ocean?
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Dr. Lewis: Not on a large scale, no. The 
difficulty here is that the word “radioactivity” 
covers such a very wide range. The biggest 
disposition of radioactivity into the oceans 
has happened from the explosions of 
H-bombs. And that is so large compared with 
the kind of waste that has been put into the 
oceans otherwise, that there is quite a differ
ence in the order of magnitude. The concern 
about putting waste into the ocean is to 
ensure that the materials are properly dis
persed. From the H-bombs it was very well 
dispersed. It either had to be contained or 
dispersed, and these are the problems that 
are continuing to exercise the regulating peo
ple. But this is not dealing with the main 
radioactive waste from nuclear power at all.

Senator MacKenzie: Mr. Chairman, if it is 
in order before we finish our session, I would 
be very grateful to Dr. Gray or Dr. Lewis if 
we could learn more about their views on the 
functions and responsibilities of the universi
ties in respect of this whole development.

The Chairman: Before they answer this 
question, I know Senator Cameron has a 
similar question and perhaps he would like to 
ask that question now so that we might have 
a broader discussion.

Senator MacKenzie: As long as it is not 
forgotten.

Senator Hobichaud: I had a supplementary 
question relating to the information which 
has been given. Reference has been made to 
the production of heavy water particularly in 
two plants now under construction in the 
Maritimes. My understanding, and I may be 
corrected if I am wrong on this, is that there 
was a target for the Glace Bay plant to go 
into production. Can we get any further 
information on this? Can we find out when it 
will be in production? I understand it has 
been under construction for a long period of 
time.

Dr. Gray: Depending on what target you 
are talking about, senator—if you are talking 
about the original target date or the one we 
have now—if I were to give you the original 
one I would have to try to explain the delay, 
and we have nothing to do with the plants.

I was down there last week. We are told it 
is about four to six weeks to start up and this 
start-up period has stayed constant. AECL is 
trying now to help. We dispatched three sen
ior technical officers down there this morning 
to try to get the plant on line. They have

some major problems and a very large invest
ment. I would hope that within a month we 
will be clearer as to when there will be a real 
start. But you are quite right, we are going to 
suffer in AECL and in the nuclear power 
program in Canada.

The other plant, at Port Hawkesbury, is 
pretty well on schedule and is to come into 
production in October of next year.

Senator Thompson: Are you satisfied with 
both national and provincial legislation with 
respect to wastage in the handling of nuclear 
fuel?

Dr. Gray: I suggest you leave that to the 
Atomic Energy Control Board. I understand 
they are appearing tomorrow.

The Chairman: During the second week of 
November.

Dr. Gray: This is outside our responsibility 
and you will get a better answer from them.

Senator Cameron: In reading your brief 
and supplementary material it is obvious that 
there are three major agencies concerned 
with this whole matter of research and devel
opment—the federal Government, the uni
versities, and private industry.

It is obvious from your brief that the costs 
in the next ten to fifteen years, relative to 
today, will be up in the stratosphere. That 
suggests that this committee, as the commit
tee charged with recommending policy to the 
Government, must come up with some ideas 
on effective mobilization of our total 
resources to achieve the desired result.

Have any formal steps been taken to lay 
out a program or an authority which would 
co-ordinate and mobilize the research of Gov
ernment, universities and private industry? 
Or can this be done?

Dr. Gray: As far as I am aware nothing has 
been done. When you refer to the cost of 
research going into the stratosphere, I take it 
you are not talking about the money available 
to AECL.

Senator Cameron: I am talking about the 
cost of providing research and plants, this 
whole development of new technology in rela
tion to power.

Dr. Gray: The only organization trying to 
tackle this is the Science Council and they 
have just issued a first really definitive 
report, yesterday or today. It will be interest
ing to see what happens with this report. 
They have made some fairly positive sugges
tions of programs they think should be start-
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ed immediately, very large programs, and 
some that should be considered. Within the 
Government organization, how this is to be 
handled from that point on is not clear to me.

We have our influence but we have no re
sponsibility. I do not know how much in
fluence we have in the overall planning. In our 
own program we try to plan at least five 
years ahead and generally to have this for
warded to the Government every year, 
indicating what we think should be done to 
keep atomic energy programs viable. But we 
do not know how this is co-ordinated with 
other programs of NRC and other Govern
ment departments or agencies—other than the 
Treasury Board, the procedure of which we 
understand.

Senator Cameron: What do you see as the 
role of universities in the future in this 
picture?

Dr. Gray: Everyone seems to think that 
only the universities can do this research. I 
do not agree with that.

The Chairman: Especially Senator Mac- 
Kenzie.

Senator MacKenzie: If I might defend 
myself—in my experience those institutions 
which have had help from the NRC, for 
instance, have done much better in terms of 
meeting requirements of Government and 
industry, in both the work they should do 
and more particularly in the men and women 
equipped to go into Government service, than 
those departments which were lacking in that 
support.

Dr. Gray: There is no question about that.
Senator MacKenzie: I could cite the de

partments—physics is one— that have been 
well assisted and I think we have had results 
from it.

Dr. Gray: Undoubtedly more research 
should be done and will be done in universi
ties, but the popular theme now is that the 
only place to do the research is in the 
university.

Senator MacKenzie: That is nonsense.
Dr. Gray: That is what I was trying to say 

here. There will be big research in universi
ties and once they get to the big accelerators 
and are spending $3 million a year in their 
operation, they will need an organization for 
that purpose, like that of Whiteshell or Chalk 
River, though these are very large. Once you 
have an institute, the management is quite 
different from the research you were brought 
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up on. This should be recognized and plans 
made for it. I think we should have some 
institutes associated with universities.

Senator MacKenzie: No one has mentioned 
ING.

The Chairman: We will come to that later.
—Recess.

Upon resuming:
The Chairman: Order please. We will hear 

Senator Cameron.
Senator Cameron: Arising out of Dr. Gray’s 

answer about the co-ordinating organization 
authority, the suggestion has come that 
maybe the Science Council could do this. 
They can be helpful, but they have no auth
ority and the point I am getting at is that 
we will probably have to set up a national 
authority which will be responsible for co
ordinating not only the research but how the 
production goes. In other words, it would be 
the marriage of Government, universities and 
private enterprise in developing a total pro
gram for Canada. That is the crux of the 
thing.

The second question is can we seriously 
consider a situation in which the governments 
plus universities will not have the major re
sponsibility for planning and carrying out 
research and development? This relates to the 
other question.

Dr. Gray: Not in the immediate future. Per
haps when we are as big as the United States 
and have companies as big as theirs, this may 
be feasible, but I think under our present 
circumstances the Government has to be 
deeply involved not only in its own opera
tions but in support of research in the univer
sities and some support of research in indus
try. We find in our work in industry that we 
have to take an intimate position with indus
try in order to get results.

Senator MacKenzie: I have a supplemen
tary question, sir. If I may ask you or perhaps 
Senator Aird whether the prospects of what 
they describe as the International Corporation 
are going to affect this situation in the sense 
that we might get a lot of research concen
trated in one industry that might do that 
research not only for the United States or for 
Canada, because we have subsidiaries here, 
but for a good part of the western world at 
least. And when I say the “western world” I 
mean the non-Communist world. Perhaps this 
is outside the scope of this committee.
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Dr. Gray: I am not aware of these interna
tional agencies that are going to do this. We 
find that, for instance, General Electric and 
Westinghouse are doing tremendous programs 
in the United States in many fields, not just 
nuclear. The results, I understand, are gener
ally available to the Canadian General Elec
tric and Canadian Westinghouse companies, 
but by the time they get them and get them 
put into production the United States are well 
ahead in the market. It is awfully hard to use 
research and development that is a couple of 
years old and has been done some place else. 
I think you have to have it intimately related 
with the people who are going to do it right 
from the basic research straight through. You 
cannot put this all in little packages and 
expect to buy your way in.

Senator MacKenzie: This concept of the 
International Corporation has come up more 
in the area of finance at the moment, I think, 
than in the area of research or development 
or manufacture.

Dr. Gray: If it will make more money 
available to us, I am all for it.

Senator MacKenzie: You do not care where 
It comes from.

Dr. Gray: No.
Senator Aird: I have a supplementary 

question not in answer to Senator MacKen- 
zie’s question but referring to Dr. Gray’s 
brief, page 8. Just on this point, you make 
the statement:

Support of work in industry that is not 
related to a Government programme is 
difficult to justify. . .

and you carry on. I do not want to take it out 
of context, but it seems to me that that is a 
very strong statement. I would like to have 
any comments you care to make about that.

The Chairman: I think you should read the 
full sentence.

Senator Aird: All right:
Support of work in industry that is not 

related to a Government programme is 
difficult to justify and unless our indus
tries take some initiative to implement 
programmes they feel are important to 
their future and to support them techni
cally, personally and, to some extent, 
financially, all the Government support 
in the world for “industrial research’’ will 
toe an exercise in futility.

Dr. Gray: From our experience we really 
feel that unless you can get some real input 
from industry other than taking money and 
spending it, to give money to industry just to 
spend on a program not related to Govern
ment objectives, to give to company “A” a 
million dollars a year so they can do research 
and development,—I do not think that will 
produce much in the way of results. If they 
will match it equally or in any formula you 
want to use, then it starts to become really 
worth-while.

Canada has a number of programs like this 
under way and it is starting to have pretty 
good results. But unless you get industry par
ticipating right from top management down, 
just giving them money is not going to pro
duce any results.

Senator Aird: I note with interest that you 
changed the word “program” to “objective” 
when discussing this verbally just now. Per
haps that is my misinterpretation. My inter
pretation, when I read this, is that it was 
Government programs. When you just dis
cussed this a moment ago you said Govern
ment objectives. The kind of thing that 
occurred to me when I was reading the brief 
was, “What about the paper industry?” It is 
not related to a Government program in any 
way. What would be your view on assistance 
there in research and development?

Dr. Gray: I would have thought the paper 
industry was quite able to look after itself. So 
far as I know they do to some extent.

The Chairman: Except that we paid for 
their laboratories in Montreal.

Dr. Gray: In Montreal?
The Chairman: Yes. I remember I was a 

civil servant at that time in Northern Affairs.
Dr. Gray: It is part of the whole forestry 

field. That is not really federal, anyway, but 
maybe the word “program” is wrong. Perhaps 
“objective” is what we should use. I think we 
have to take a hard look at the situation in 
order to justify support in the paper industry. 
The use of forest products might justify it.

Senator Aird: Immediately, pollution 
occurs to me, which is one of our Govern
ment objectives, no doubt.

Dr. Gray: Yes. Again you can do a lot in 
research for pollution, but you can do a lot 
more by regulation.

Senator Aird: Thank you.
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Senator Cameron: It is really a peripheral 
question to the whole project. You remember 
the row about the Columbia River develop
ment? Building dams and getting money in 
from the United States? In talking to the 
chairman of the B.C. Hydro, I learned from 
him something which you confirmed this 
morning, that by 1975-80 most of the plants 
will be nuclear plants. “We might as well 
take this $300 million from the United States 
now and get it, because hydro power will be 
a dead issue by 1975 or 1980.” That is what 
he said. Now, the implications of that relate 
to another of our great resources. We have 
been spending hundreds of millions of dollars 
on water control, and we are going to have to 
spend more. Now, is the development of the 
nuclear power for production of electric ener
gy going to mean that in the building of dams 
for water control the first priority will simply 
be the conservation of water resources or the 
control of water resources and the power that 
comes out of that will be a secondary thing?

Dr. Gray: I would think that if you can 
build a dam structure for water control and 
pay for any part of it, assign any part of the 
cost to water control, you will find it well 
pays you to put in a turbine and generator. 
What we are really saying is that all good 
hydraulic sites should be developed because it 
gives you an energy resource into the future. 
The trouble is that some of them are a little 
far away, and if you have to build five or six 
hundred miles of transmission line with all 
the problems attendant on that, then you 
have got to take a very hard look at the cost.

Ontario water resources are really too far 
away now. Quebec’s are getting pretty far 
away. B.C. still has a fair amount. I think the 
Columbia was a good thing. I don’t think 
nuclear reactors would have been competitive 
in the Columbia situation anyway.

Senator Cameron: Does this imply, though, 
that from 1975 on the determination to build 
a dam will be influenced more by its water 
control than by the production of electric 
energy?

Dr. Gray: Certainly more than it has in the 
past at least. But it will depend really on the 
site and the economics. What nuclear power 
has to offer is low power in the future that 
was not there previously from all thermal 
sources.

Senator MacKenzie: And you can put it on 
the site.

Dr. Gray: Yes, you can put it where you 
want.

Dr. Lewis: May I add one point that is 
quite important, Mr. Chairman? Nuclear 
power is very well supplemented by stored 
water so that the type of development of 
water that goes in conjunction with nuclear is 
a little different but it is very important in 
getting the over-all cost of power low. The 
two things should be developed together, with 
that in mind.

Dr. Gray: I think some required reading 
might be this report by the National Energy 
Board, which talks about using pumped stor
age, that is, a combination of hydro power 
and nuclear power. Incidentally, this is a 
very good story that actually has nothing to 
do with AECL, but it was in the list of sug
gested background information. If anyone is 
interested in this aspect of it, this is a very 
good paper.

Senator Lang: Mr. Chairman, there were 
two matters touched on in Dr. Gray’s brief to 
which we should perhaps give rather more 
attention in committee and which we have 
dealt with before particularly when the 
National Research Council was before us a 
few days ago. I also think it was dealt with 
from my own perusal of the report of the 
Science Council in the paper this morning. I 
refer to page 10 of the brief where Dr. Gray 
says:

I have been trying to point out in the 
last few minutes that, particularly with 
limited budgets, it is important that we 
should see that good research and devel
opment is done in the right fields as 
efficiently as possible by the best peo
ple—and not get carried away by popular 
slogans. There are circumstances where 
even applied R and D is better done in 
government-operated facilities than in 
industry.

I would gather from that, and I would like 
your comments on this, that it is a public 
slogan of today that the Government better 
get out of R and D and see that more and 
more R and D is carried out in the universi
ties and in industry.

Dr. Gray: That is correct.
Senator Lang: Is that not flying in the face 

of the Science Council’s report as I read it?
Dr. Gray: It would seem to, particularly in 

view of the statements of the council. Howev-
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er, the report was not written in the way I 
would have written it.

Senator Lang: Could you give us the pros 
and cons?

Dr. Gray: If you read the Science Council’s 
report through you will find that they are 
implying that all increases in fundamental 
research should go to the universities; this is 
not possible or practical in our era. If you 
know all the people on the Science Council, 
you will realize that is not what all are say
ing. They are saying that we have to get more 
of it into universities. The way I read it is 
that they want to get all of the fundamental 
work into the universities.

Similarly, everybody is saying we must get 
all applied R and D into industry. But that is 
not easy. It is not easy to do research or 
development in Canadian industry. We put $6 
million or $7 million worth of work into 
Canadian industry, and we have done this for 
10 or 15 years, and we are working with our 
best Canadian companies, and it is hard work 
to get good results out of Canadian industry. 
It is not bad if you can get a program of a 
million dollars a year in a company to carry 
it through for a number of years because then 
it gets going and works pretty much on its 
own. But if you are looking for something 
involving about $100,000, well then it costs 
the $100,000 to spend it. When we have tight 
budgets we have to take a good look at where 
the money should be spent and by whom.

Senator Lang: Do you think we have been 
too heavily oriented toward R & D in govern
ment in the past as compared with the other 
two sectors?

Dr. Gray: I don’t think we are suffering up 
to now. We have got to get more R & D into 
industry and we’ve got to get more research 
into universities. But don’t put all the funda
mental work into universities, and don’t put 
all applied research and development into 
industry. There is still a requirement for 
involvement of government facilities, particu
larly if government money is involved.

Senator Lang: The other point in your brief 
is referred to on page 12.

Senator Grosart: May I ask a question on 
that? Would you care to comment on the Orr 
figures—I am sure you know what I mean— 
the brief put out by Mr. Orr on this very 
subject of the distribution of R & D funds 
as between government, industry and univer
sities. In 1965 in terms of percentage he

found that the figure was 36 per cent govern
ment, 42 per cent industry, and 21 per cent 
on what he calls higher education. Does that 
from your point of view look like a reasona
ble distribution, if you can have a science 
policy in this area?

Dr. Gray: I would really like to think about 
that for a while. I would think we are going 
to have a higher percentage in both industry 
and universities and lower in government. As 
time goes on there will not be an increase in 
government, but there will be an increase in 
those other two factors. That would be my 
guess and it probably would be the right way 
to do it.

Senator Lang: The other question is 
referred to on page 12 of your brief, and in 
this I am trying to draw you into the field of 
education. At the bottom of the page you say:

How will we employ our future profes
sional manpower in performing worth
while jobs in fields in which they have 
been trained? Are they being trained in 
the disciplines most needed to do the 
work of the highest priorities? Are we 
planning to train too many professionals 
with advanced degrees?

We have had evidence before this commit
tee that within a few years the number of 
PhDs graduating will be far in excess of what 
our facilities can absorb, and that our 
emphasis has been too much in this area, rath
er than producing ordinary engineers, who 
are badly needed in the less sophisticated 
areas of science. It has been suggested that 
we should reverse our thinking in this area 
and that particularly this thinking should be 
revised in governmental agencies where a 
high proportion of these men are going and 
doing post-graduate and post-doctorate work. 
I know you put this in your brief and it 
rather poses a question similar to which 
comes first, the chicken or the egg, but I 
wonder if you would be prepared to give us 
your personal point of view in connection 
with this matter.

The Chairman: Before you do that, could I 
add a supplementary to this? It seems to me 
from the information we got from the Nation
al Research Council that in a way the system 
of assistance in the field of training programs 
of the National Research Council is a main 
contributor to this possible surplus, so that if 
we on the other hand, government agencies, 
produce a surplus, then we have to look for
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research projects to employ them and to use 
the surplus. It doesn’t seem to me to be very 
good policy.

Dr. Gray: I think everybody is contributing 
to the problem. The provinces are treating 
the universities very well, we are getting 
beautiful new buildings, and encouraging 
everybody to get advanced degrees. It is all 
part of this whole education scheme. I think 
the direct assistance to universities from the 
provinces, and I am sure the federal Govern
ment is involved in this in some way, is much 
greater when you look at the new universi
ties. According to the National Research 
Council brief they indicate that in 1973 there 
will be 2,000 PhDs graduating. Most will be 
employed by the universities. But I would 
hate to think that what we are doing is teach
ing people to go back to university to teach 
people to go back to university to teach peo
ple. However, that would be the main 
employment of the higher educated scientists 
but not so much engineers. Just to give you a 
little of the background of this field, we are 
one of the big R St D employers in Canada, 
and we will employ maybe 200 PhDs. Now 
when you think of 2,000 coming out in one 
year unless the majority are employed in the 
universities there seems to be no thought 
given as to how we are going to use these 
young people, and they are good young peo
ple. And unless we give some thought as to 
what is going to happen, not only to these 
young people but to other young people we 
are educating, they are going to be a very 
unhappy lot. I think we may be building up 
trouble ahead for a few years.

Senator Grosart: Do you think we should 
have a Government science policy rather than 
an NRC science policy, a Defence Research 
Board science policy and an AECL science 
policy, or should there be one policy directing 
funds into these various fields?

Dr. Gray: That would be a nice policy to 
have. We are not involved in education, but 
we take as many young people with a PhD 
degree as our equipment and facilities will 
allow. We have a dozen or so doing their 
theses at two of our sites. But we are not in 
the granting business at all.

Senator Grosart: No. You are in the bus
iness of getting answers in finite time.

Dr. Gray: We try. As to the number of 
educated scientists and engineers who will 
come out of the pipe line, how are they to be 
gainfully employed—the NRC indication is

related to Ph.D.’s but this is only a small part 
of the problem.

The Chairman: I read an article by Profess
or Weir of the Californian Institute of Tech
nology. He is a great expert on the need for 
scientists in the United States. He says their 
need is different and he forecasts there will 
be a great scarcity in the U.S in the coming 
year. Why is there a difference?

Dr. Gray: The space program probably eats 
it up. I think he is talking of the year 2000.

The Chairman: The discrepancy or gap has 
already started, according to his information.

Dr. Gray: We might be completely wrong 
but we do not see the answers at all and we 
just raise the question so that you may note 
it. In our operations every year we send a 
group to recruit university students. I am not 
sure that next year we will do that at all. We 
have not the requirements and people are 
coming to us asking for jobs. We may not 
need to go out to the universities. This is an 
indication of the trend.

Senator MacKenzie: This trend is
developing.

Senator Aird: But this is the first time it 
has happened to you?

Dr. Gray: Yes, for two reasons—availability 
of people, and cutback in budgets.

Senator Lang: I hope Dow Chemical find 
themselves in the same position next year.

Dr. Gray: It would give you a little free
dom on the campus.

Senator Lang: To avoid undue disturbance 
of the peace.

Senator Cameron: Should we extend our 
reference to this matter of cost?

The Chairman: It is in our terms of 
reference.

Senator Cameron: We should try to project 
what the demand is likely to be.

The Chairman: In the United States they 
are developing a program in educational 
research to forecast the market for the 1970s 
and 1980s. Do we have such an operation 
here?

Dr. Gray: I am not aware of it. Even in our 
own organization we do not know our expen
diture for 1975 or even 1972. Recently we 
have not been good at forecasting, mainly 
because we have the work to do but the 
money is not available. We could forecast a
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12 to 14 per cent increase per year, which we 
could handle very nicely and which would be 
good for the country, and we would employ 
another 8 or 10 per cent more per year, and it 
is in a good technical field. This would be a 
very good thing to do and would help to show 
how we are to find employment for these 
young people but we are not getting any 
increases and this is one of the reasons, it 
brings us up short.

Dr. Lewis: We are quite a small organiza
tion compared to that in the United States. 
There is a difference. We have a parallel mis
sion oriented research and development. They 
are able to employ large numbers of people 
but while we are mission oriented we are 
very small.

Senator Leonard: Does this situation relate 
both to physicists and to engineers, in regard 
to departments for which Ph.D.s are being 
turned out?

Dr. Gray: The problem is probably the 
same. In AECL we have a little more freedom 
in hiring engineers, because of the work we 
are doing in nuclear design field. All that is 
being paid for by Ontario Hydro, Hydro Que
bec, and India.

We could increase by 100 people in our 
Toronto operation without trouble as it is 
paid for. It is in the research operation and 
the science end that it levels out. In a small 
group like ours, it takes only a small number 
of scientists—physicists, biologists and chem
ists—the engineers will be a little freer 
because of the nuclear power program.

Senator Thompson: Is there any period 
after which the productivity of scientists 
stops? It was suggested that younger people 
coming in have new knowledge and a new 
approach and would be more productive until 
about age 35.

Dr. Gray: We have nothing on this whatev
er, and Dr. Lewis is still pretty productive.

Dr. Lewis: On the other hand I would 
regard this as a very necessary part of man
agement of a research establishment. I do not 
want anyone on the staff at age 40 unless he 
is regarded as a senior scientist, that is to 
say, he has to be productive at age 40 to be 
kept on and this causes a bit of deliberate 
attrition, that is to say, one is moved over off 
the real R and D by then.

Dr. Gray: If they are not any good as 
scientists, they are put into management.

The Chairman: Someone said the other day 
that an engineering graduate finds that after 
ten years, 50 per cent of his knowledge is 
obsolete and 50 per cent that he will need to 
know for the future will not have been dis
covered yet. Do you have any plans to retrain 
scientists at age 40?

Dr. Lewis: It is a matter of moving them 
into other occupations, and this happens.

Dr. Gray: In the science and engineering 
field, what they have learned ten years ago is 
half obsolete. But they keep up with the liter
ature and designs and programs, in their field 
of undertaking, and these are the people who 
are producing the new information. We do 
have retraining programs—at all levels 
except mine.

Senator Yuzyk: On the application of atom
ic energy, we have been discussing the pro
duction of power. You must be looking into 
various applications where such a large scale 
operation might not be necessary. A smaller 
scale might be used in industry. Are you 
doing research in that direction?

Dr. Gray: We have had a number of pro
grams over the years. If you are thinking of 
just nuclear power, it is used as a thermal 
heat source for a process of some kind or as a 
method of producing electrical energy for 
processes. We completed a fairly large study, 
partly “in house” and partly by consultants— 
largely by consultants—to take a look at the 
market for small power stations. These would 
be small power stations of one megawatt up. 
Then we would see whether we could meet 
that market. We have concluded that we 
could not meet the market with the systems 
that we know of now. We concluded that in 
the small northern establishments, or for 
individual companies, it does not look as 
though these small systems would be an eco
nomic proposition. You really have to have a 
fairly large complex to make it economic.

At the other end of the scale, however, 
there are these large complexes being thought 
of comprising reactors of several thousand 
megawatts at one site as an energy centre or 
an agro-industrial complex for developing 
nations, or even for Los Angeles water, and 
at the top end of the scale it looks like a very 
diverse use of this low cost energy both as 
thermal energy for desalting and processing 
and electric energy for running these plants.

The one of this type that looks closest to 
being applied is in India. Dr. Sarabhai, Chair
man of the Indian Department of Atomic 
Energy, announced last month that they are
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proposing to put two 600 megawatt reactors 
together, and this is much bigger than they 
have ever done before at one site, as an ener
gy centre to do irrigation and to make ferti
lizers and to do some other processing work. 
So that there is quite a large area of applica
tion in both the big sizes and the small sizes, 
except that in the small sizes we are restrict
ed to the use of isotopes for power sources. I 
do not think we are likely to see nuclear 
power used in the small sizes.

I do not know whether you want to aug
ment that or not, Dr. Lewis.

Dr. Lewis: The question might not have 
been confined to power. There are other uses 
for isotopes. All these irradiation applications 
are involved, and there is one under study 
which might be significant, and it is men
tioned in this brief. It is the application to 
irradiation of sewage as a means of chemical 
control. It helps the precipitation. But it is 
quite undertermined at the present time 
whether cobalt 60 or some other form of 
radiation would be used for this purpose.

Dr. Gray: There is quite a broad field of 
application of radiation in processes and in 
the medical field and so on.

Senator Yuzyk: Can it be brought down to 
smaller units, say, where people dream about 
the possibility of atomic energy being used to 
power automobiles, for instance, or airplanes?

Dr. Gray: Perhaps airplanes.
Mr. Golden: If money is no object, sure.
Dr. Gray: But we are not living in a world 

where money is no object.
Mr. Golden: We do not want to leave on 

the record the suggestion that it cannot be 
done or is not being done. A country to the 
south of us is spending enormous sums on 
this for reasons other than economy. It is 
being done for military purposes.

Dr. Gray: Yes, the nuclear submarine is 
one splendid example. It has a small engine 
of tremendous power and has done more to 
finish off war than any other deterrent. The 
nuclear sub is a tremendous deterrent. But it 
is, from an economical point of view very, 
very costly. Or perhaps even on an economic 
basis it is a good thing. If it stops war, it is 
worth-while, but it is not inexpensive. You 
could not operate industry with a reactor of 
that type.

Senator Cameron: This morning, in aswer- 
ing some of Senator Aird’s questions, you 
referred to where nuclear reactors were being

built, and you mentioned arrangements to 
build one in China. I am curious to know 
what size and where. Is this part of Canada’s 
expanding trade pattern?

The Chairman: What China?
Senator Cameron: There is only one China; 

the other is the Taiwan clique.
Mr. Golden: In that case it is the Taiwan 

clique.
Dr. Gray: It is Taiwan.
Senator Lang: Senator Cameron is an 

independent. He does not reflect Government 
policy.

Senator Grosart: I think it should go on 
record, Mr. Chairman, that some of us think 
that there is more than one China.

Senator Cameron: I was curious to know 
whether it was in mainland China.

Dr. Gray: It is in Taiwan, and they would 
like to get started and would like a research 
reactor like the one we built for India. It is 
quite a sizeable plant, running into some tens 
of millions of dollars, and discussions are 
very active at the moment.

The Chairman: I would hope that, contrary 
to what we did in India, we would put some 
conditions on this arrangement.

Dr. Gray: I think this one is fully covered 
sir.

Senator Grosart: I have a few questions for 
clarification purposes. You say that in the 
next 20 years Canada’s total expenditures will 
be in the order of $4 billion to $5 billion on 
atomic or nuclear development generally. Is 
this the total Canadian picture?

The Chairman: What page is that on, 
senator?

Senator Grosart: It is Appendix 2, page 1.
Dr. Gray: The number is about right. I am 

sorry, senator, was the question whether this 
was all Canadian?

Senator Grosart: My question is is this a 
Government expenditure?

Dr. Gray: None of it.
The Chairman: This is utility.

Dr. Gray: It is utility expenditure. I would 
say that it is not Government expenditure at 
all. There would be some Government expen
ditures on top of that, related to research and 
development, but the Ontario program, as I 
mentioned earlier, is now entirely utility
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expenditure. In the nuclear end of the plant it 
is at least 80 per cent Canadian content. It is 
probably more than that. There are only two 
or three parts that are not using Canadian 
material, and that is because it involves some 
special tubing, pressure tubes, which we are 
not yet able to get manufactured in Canada. 
There are such items as pumps and valves as 
well. But with respect to all major parts of 
the nuclear portion of the plant bids are 
invited only from Canadian suppliers. With 
respect to the remainder of the plant, the 
turbo generators, the condensers and so on, I 
think the utilities are likely to call world 
bids.

Senator Grosart: If I read your tables 1A 
and 2A correctly, in the 25 years that you 
have been in business in AECL, you have 
spent $612 million. Is that correct, just 
roughly?

Dr. Gray: I did not add it up, but that 
sounds about right.

Senator Grosart: What percentage of the 
total Canadian expenditure on nuclear devel
opment would that be, roughly?

Dr. Gray: Ninety-nine per cent.
Senator Grosart: Yes?
Dr. Gray: Maybe not quite 99.
Dr. Lewis: It depends on what one is 

including in nuclear development. If one is 
taking this in conjunction with the cost of 
stations that are built, then you can point out 
that Douglas Point is $89 million. That is the 
largest one actually built. And the Pickering 
stations are $250 million.

Mr. Golden: That is not the question that 
was asked.

Dr. Gray: I think the question concerns the 
development cost, which is roughly $600 mil
lion. You are wondering if that is matched in 
any way by industry or by the universities.

Senator Grosart: Or the utilities and so on. 
You think this is something in the order of 99 
per cent of Canada’s total expenditure.

Dr. Gray: I would think so, yes.
Senator Grosart: So in money terms, 

industry is contributing nothing. In money 
terms, industry has made no contribution 
over this 25-year period.

Dr. Gray: Canadian General Electric will 
argue that they have contributed. They con
tributed $2 million to the NPD plant, but they 
then supplied it on a cost basis. I think they 
might argue that they have an investment of

$2 million or $3 million that has not been 
paid out in selling the product to us, but 
outside of that all of our development con
tracts, our $6 million or $7 million a year, is 
totally federal Government money not 
matched in any way by industry. That 
includes their costs plus their overheads. So I 
think the 99 per cent is correct. I will check 
with our treasurer or some of our people on 
that, but I think that is a pretty good guess.

Senator Grosart: On another point, Dr. 
Gray, you say in the brief that by 1988 you 
presume about one-quarter of the total of em
power energy capacity will be nuclear. That 
is a bit lower than the Americans. I think 
their estimate is one-third by 1980 which is 
understandable. How will that compare with 
the rest of the world, however, by 1988?

Dr. Gray: I think in the United Kingdom 
the percentage will be higher than that for 
nuclear. France and Italy are just getting 
going now, but they will move up very quick
ly. I would think that the Canadian percent
age is probably about right. It may be a little 
low relatively for a lot of the European 
countries.

Senator Grosart: Is this because we have 
other available power?

Dr. Gray: A large part of our country, the 
prairies and British Columbia, still has other 
sources that are more economic than the 
nuclear source.

Senator Lang: I just want to ask Dr. Gray a 
question. It may be an unfair question or one 
that he cannot answer. I rather expect it might 
be both, but I do not know who else to ask 
this question of. Canada is now prepared to 
sell uranium or plutonium to France for 
peaceful nuclear purposes. Can Canada sell 
uranium or plutonium to other countries for 
peaceful purposes and assure that it is so 
used, and assure that in so doing they are not 
thereby just releasing other supplies that 
might normally be required for useful pur
poses for purposes of a military nature?

Dr. Gray: I think I can answer that, and it 
is not embarrassing. When we supply plant or 
uranium or plutonium from Canada to France 
or any other country it is done under an 
agreement that involves what we call safe
guards. Up until now we have had a number 
of bilateral arrangements, and I think the 
policy now is to have the Government require 
International Atomic Energy Agency officers 
inspecting the use of the uranium or plutoni
um or the plant to assure themselves that it is
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being used for peaceful purposes only. Dr. 
Laurence can tell you more about that 
because he is in charge of this area. He has 
inspectors going around in other countries 
inspecting what we have done in India and 
Germany and he will also be going to France 
to inspect what is being done with the 
material there. Of course you have the situa
tion that once you supply, say, a ton of urani
um to country “A” which already has a sup
ply of uranium all its own, you automatically 
release that material for any purpose they 
wish to use it for, and you have no control 
over it. However, if the NPT—the Non Prolif
eration Treaty—comes into effect and all 
facilities are subject to international agency 
inspection as are nuclear power stations, then 
there will be total control. That is what we 
are looking forward to and we hope that it 
will come about. It is really the best way of 
doing this.

Senator Lang: If and until we do have such 
a treaty isn’t the supplying of uranium for 
peaceful purposes just a bit of a mirage since 
it releases an equivalent amount for other 
purposes?

Dr. Gray: If the country concerned has 
other sources of material, yes, but if you 
don’t have other sources, then you are all 
right.

The Chairman: Isn’t India a very good 
example of that?

Dr. Gray: The plants we are building for 
India now are under full control, but there 
we have done a very good thing for India in 
that we have helped her to get into the posi
tion where she can build her own plant as she 
is now capable of doing. India is building two 
more plants near Madras to their own design 
and under their own management and pre
sumably they will be able to get the equip
ment either within their own country or else
where and they won’t require safeguards. I 
would suspect that they will end up by hav
ing two large nuclear power stations built 
within India without safeguards. So there we 
have done two things; we have assisted a 
developing country onto its own feet, and we 
have aided them to have a reactor that is not 
safeguarded. But we have to take the good 
with the bad.

Senator Aird: Since the invasion of Cze
choslovakia it seems to be a common opinion 
that the hopes for the nonproliferation treaty 
are somewhat more remote. Would you care 
to comment on that?

Dr. Gray: We have no competence at all to 
discuss whether the NPT will be accepted at 
all, nor do we have any view as to whether 
the invasion of Czechoslovakia changed this 
very much. But Czechoslovalia has agreed to 
accept International Atomic Energy Safe
guards as has Romania. We would not be 
even talking to any of these countries unless 
we were sure that there would be an inter
governmental agreement—a trilateral agree
ment between Canada and the Government 
and the Agency.

Mr. Golden: We of course don’t make these 
decisions. The Government of Canada tells us 
what it wants done.

The Chairman: Any other questions?
Senator Desruisseaux: I wonder if the 

question I wish to ask has been answered 
before. I must excuse myself for my absence. 
The supply of uranium which Canada has 
will obviously die out sometime in the future, 
but is it foreseeable when we will have an 
end to our supply?

Dr. Gray: Certainly the known reserves 
will run out towards, I suppose, the end of 
the century. They will not run out related to 
the Canadian program. They will run out due 
to the use and export of uranium. Enough 
Canadian uranium is now discovered to han
dle the Canadian program for a long time. I 
think you would get a better answer from Mr. 
Gilchrist of Eldorado, as to what he feels the 
uranium reserves are like.

The Chairman: I presume that would also 
be assuming that the breeder reactor does not 
become practical?

Dr. Gray: No, even with the breeders. It 
relates to price.

The Chairman: Could we meet again then 
at 10 o’clock tomorrow morning?

Dr. Gray: Yes, sir.

The Chairman: I still have a few questions 
and then we will go to the ING question.

Dr. Gray: We can answer that in two 
minutes now, if you like.

The Chairman: It might last for an hour 
with the other questions.

Dr. Gray: I think the answer is pretty 
straightforward.

The committee adjourned.



682 Special Committee

MORNING SITTING
(Third and final session)

Thursday, October 31, 1968.
The Special Committee on Science Policy 

met this day at 10.00 a.m.
Senator Maurice Lamontagne (Chairman) 

in the Chair.
The Chairman: Honourable senators, con

tinuing our meeting of yesterday, we are 
pleased to have with us again the representa
tives of Atomic Energy of Canada Limited. I 
have some questions to ask.

If I understood you well yesterday, Dr. 
Gray, you are planning for the immediate 
future in terms of research, to try as much as 
possible to improve your heavy water reactor, 
and this is going to be your main research 
effort. You are not planning, at this stage at 
least, to devote too much time and energy to 
the breeder reactors?

DR. JAMES L. GRAY, PRESIDENT, 
ATOMIC ENERGY OF CANADA LIMITED:
That is correct. We have two programs. One 
is to make sure that the present primary 
reactor is really good, but that work is drop
ping off and the work of improving the 
reactor which is an advanced version of the 
present one, is building up. Those two take 
up most of our applied work.

In the science side, which is mainly Dr. 
Lewis’ area, the scientists are looking at 
newer versions of reactors—-which is maybe 
eight to ten years away. That program could 
start to come in at any time, but it will build 
up slowly.

The main R and D program is making sure 
the present type of reactor now being built in 
Canada and elsewhere is on a very solid basis 
and remains on a solid basis, and then we 
improve that.

The Chairman: I understood yesterday that 
Dr. Lewis did not have too much confidence, 
at least for the immediate future, in breeder 
reactors.

DR. W. B. LEWIS, VICE-PRESIDENT 
(SCIENCE), ATOMIC ENERGY OF CANADA 
LIMITED: That is correct, as far as the fast 
breeder reactor goes it is of course the one 
that is nearest. I am merely suggesting that 
it does not remove us from the competition. 
We can compete with it when it comes and I 
am not expecting difficulty there.

The Chairman: Would it be a complement?

Dr. Lewis: Yes, in a sence, as Dr. Gray has 
mentioned, they require plutonium and one of 
the best methods of producing plutonium is in 
CANDU. It helps CANDU to use its fuel, 
because of the plutonium in it.

The Chairman: What about nuclear fusion?
Dr. Lewis: Everyone would say that is still 

beyond the horizon. It is a very active topic 
in many nations of the world but no one has 
come close to suggesting an economic device.

The Chairman: Is the research effort on 
this, which is being carried on now, mainly 
being done by the United States?

Dr. Lewis: Oh no. In Russia and Germany 
and many other countries they are involved, 
and the United Kingdom still has its Culham 
laboratory, even though they have reduced it 
in size, it is still a powerful program.

The Chairman: I noted also you are doing 
research in physics, biology, and medicine. In 
regard to physics, how do you proceed to 
avoid undesirable duplication with, say, the 
NRC or the Medical Research Council or 
similar agencies?

Dr. Gray: In regard to the Medical 
Research Council, we have really no pro
gram in medical research. In the biology side 
we have some at Whiteshell in co-operation 
with the University of Manitoba, Department 
of Medicine. That is allied with the Medical 
Research Council but it is really their pro
gram which we are assisting, so we really 
have no medical research. We supply isotopes 
and other things for the medical profession. 
This question is very timely as about two 
months ago we were looking at the radiation 
biology research within AECL, in regard to 
requirements by Whiteshell and Chalk River 
for new pieces of equipment and new build
ings. The Board looked at this and started 
thinking of what might be going on, because 
in the NRC there is a new division of radia
tion biology, and also as to what may be 
going on in the National Health and Welfare 
Department. We felt they might well be lead
ing to duplication, so we asked the Govern
ment if they thought it wise, to review the 
radio-biology field. Such a review has started 
just now. I understand that the Science 
Secretariat has either just formed or is form
ing an independent committee, outside the 
Government, to review radio-biology in all 
the Government laboratories—and I think 
university work, though I am not sure, but 
certainly in Government laboratories. We
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know by this review what we can expect to 
find if we are overlapping in the government. 
We will be advised to either switch work 
within AECL or NRC or to make decisions so 
there will be no overlapping. On the physics 
side we stay with the atomic energy field and 
have a good collaboration with the NRC. I do 
not think there is any overlapping in that 
area, although there is bound to be a little 
with universities using our facilities. We are 
contracting with universities—I think this is 
well known—mainly in the use of our facili
ties, big reactors and big accelerators, which 
do not exist anywhere else. I think in that 
area there is no overlap. The radio biology is 
the one area that is certainly suspect and is 
being investigated.

The Chairman: I have a final question. On 
page 8 of Appendix 5, there is a chart show
ing part of your organization. I see two 
columns each under the name of the two 
vice-presidents, Dr. W. B. Lewis and Mr. L.R. 
Haywood. In one column I see biology, 
health, and physics, and in the other, applied 
physics. The first column shows chemistry, 
materials, and physics and the second column 
shows applied physics. I would like to know 
what collaboration and liaison is being car
ried out between these two groups.

Dr. Gray: There is really no overlap 
between health physics and applied physics. 
These are quite different fields, however, 
they do complement each other. The applied 
physicists in their work, which happens to be 
the main area where the ING study was 
done, require assistance from the health 
physicists with the health problems of the 
ING target area. This is done straight across 
the organization structure and you do not 
have to go to the top and back down again. 
Scientists, engineers and technicians talk 
back and forth this way. The applied physi
cist on the ING target requires assistance 
from the health physicist and gets it through 
committee arrangements or direct discussion.

The Chairman: Both groups report to Dr. 
Lewis?

Dr. Gray: No, one group reports to Dr. 
Lewis and the other group reports to Mr. 
Haywood. The dotted line between these two 
really ties the groups together, mainly 
through committees.

Dr. Lewis: It also means that all divisions 
under me are co-ordinated on the administra
tion side, under Mr. Haywood, so that for 
administrative purposes they are linked 
together.

The Chairman: In terms of research proj
ects, for instance, who initiates and who 
decides?

Dr. Lewis: I think we have grown very 
close together. I would have to take an 
individual case. We certainly are not separate.

The Chairman: Not separate, but both 
report to two different people.

Dr. Lewis: Sometimes we have committees 
to determine the program. It is a question of 
how much effort each—

The Chairman: Do committees really reach 
decisions?

Dr. Lewis: It depends on the chairman.
Dr. Gray: We have left one other line off 

this chart. Both groups come together and 
report to me.

The Chairman: Do you find that this 
administrative arrangement or method of 
reporting is working satisfactorily?

Dr. Gray: It is not the ideal arrangement. 
That is one of our problems, two heads lo
cated at one site. This is something we are 
living with and it is due to the people and our 
history. We do not recommend this and hope 
to change it within the next few months; 
however, it is working. We realize it would 
be better if the dotted line were a full line 
with just one head at Chalk River.

The Chairman: Are there any other ques
tions?

Senator Cameron: Before you leave that 
point, Mr. Chairman, I was wondering what 
progress has been made in co-ordinatng the 
information retrieval facilities between the 
various research stations, universities and 
Government.

Dr. Gray: There is a lot of progress being 
made, but it is a very large subject.

Senator Cameron: I know it is.
Dr. Gray: It is a program that is attracting 

a lot of attention not only in Canada but 
throughout the world. There are major proj
ects under way in EURATOM and Interna
tional Atomic Energy Agency, and I am think
ing only of the nuclear field. In Canada I 
think we have the main nuclear library at 
Chalk River, and it is closely co-ordinated 
with NRC, who have the main science library.

But the speed with which information is 
being generated now is building up to a tre
mendous volume. So scientists using the old 
way of retrieving information simply cannot
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keep up. We all recognize that we have to get 
this on some computer programmed basis. I 
think real progress is being made, but just 
how we are going to go is not yet clear in 
Canada.

I think we are going to follow the EURA
TOM procedure for a while, but whether the 
new program being developed by the Interna
tional Atomic Energy Agency is one we even
tually adopt we will only know with time. It 
is a problem. We are all aware of it. We think 
we can see the solutions, but this is going to 
cost a fair amount of money to everybody in 
the world.

Senator Cameron: It relates to the question 
the chairman asked: are we sure there is no 
duplication between different research 
bodies? This obviously would be one of the 
answers.

Some of us had a look at the rather fas
cinating information retrieval down at Omaha, 
Nebraska, in the Strategic Air Command, and 
that sort of thing. There has been a big estab
lishment at Carnegie Tech in Pittsburgh, 
where they have had courses for people 
working in this field. I am wondering what 
we are doing, not just in relation to atomic 
energy but to the whole scientific field. That 
leads to a second question. There is so much 
information coming out—I think it is dou
bling every two or three years, is it not—that 
the volume itself is so great that no one per
son can have the time to go through it all. It 
would suggest the need of another skilled 
group who can abstract and condense materi
al. Are we doing anything in that field, so 
far as you know?

Dr. Gray: Yes. There was a very good 
paper on this subject at the International 
Atomic Energy Agency’s general conference 
in September. A man by the name of Wool- 
ston delivered that paper. He is the Director 
of Information Services of that agency, and it 
happens that he used to be in charge of our 
Information Services at Chalk River. In his 
paper he brings out all of these points, not 
only the generation of information but the 
requirement for a method of abstracting and 
a method of identifying. When you require 
some information you have to use certain 
coded words that mean certain things and, if 
you push those into a machine, out comes the 
abstract of all the information you want. It 
may be 10; it may 200. Then they have meth
ods of producing a number of pages on a small 
card. I think it is 12 pages. The little card is 
called a microfiche. Then you either use a 
reader to read it or you have it printed.

A lot of work is being done on these two 
points: how do you handle all that informa
tion and how do you identify it? This 
requires people who do nothing but identify 
the material so that you can withdraw it from 
storage when you want it.

Senator Cameron: Can we get a copy of 
that paper? Is it available?

Dr. Gray: Yes. It is a very good paper.
Senator Cameron: Yes, I can see that it

would be.

The Chairman: Senator Lang, you wanted 
to ask a question yesterday about ING.

Senator Lang: Mr. Chairman, all I know 
about ING is what I read in the newspapers. 
I find it rather difficult to put the story 
together. I thought if our witnesses were able 
to give us the background and the origin of 
the concept and the inception of it, and then 
the factors or decision making process that 
was involved in its cancellation, it would be 
of interest to the committee. Perhaps a gener
al idea of what ING is would be of some help 
to the committee; at least it would help me, 
Mr. Chairman.

Dr. Gray: Mr. Chairman, I think if I try to 
explain what ING is, it might be better than 
having Dr. Lewis do so, because he might 
lose you. ING started five or six years ago. 
The project came forward as a result of a 
request by the Board of Directors of AECL, 
to Dr. Lewis and the senior scientists, as to 
what major program we should be into 10 
years from now. Should we be in fusion, in 
hydrodynamics, fast reactors? There was a 
long list of things, and at the same time a 
group of physicists at Chalk River had been 
working on the ING. I do not think they 
called it that at the time, but it was a method 
of generating neutrons by electricity—electric 
generation of neutrons. The staff at Chalk 
River and within AECL reviewed all of these 
things and this one came to the top so far as 
the scientists were concerned.

It was eventually approved as the right 
thing by the Board of Directors of AECL. It 
was the right thing for us to investigate for 
this program 10 years hence.

What the project involves, really, is our 
interest in neutrons because that is what our 
big reactors produce. We need neutrons in 
order to use them either to split uranium to 
make power or to irradiate materials in 
materials investigations, or for other purposes 
such as producing isotopes. The idea that was
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brought forward was that if you could get 
high energy particles and impinge them on a 
target—and the target in the present case is a 
lead bismuth target—by a process known as 
spallation, you would cause more neutrons to 
be produced. It is a different process of pro
ducing neutrons. In fission you get neutrons 
being released. That is one way, but this 
other way is a different way and it is called 
spallation. You get energetic particles hitting 
the target and producing very high intensity 
neutron flux. It is higher than any known 
reactor. The objective was to produce neu
trons for research, for isotope production and, 
in the very long term, as a method of produc
ing more energy. That is, we could foresee 
that the energy that would be put into this 
machine would be less than the output of 
neutrons from it. If you took the neutrons 
that came out of it and then used them to 
produce energy, you might produce more 
energy in that way than you had put into the 
machine. So it is an electric way of producing 
neutrons. It is like a breeder reactor as, in 
theory, you could produce more energy from 
the machine than you are required to put in 
it. Of course, we never got to that stage.

Before we go into the process, perhaps Dr. 
Lewis would put that in more scientific terms. 
I have probably missed a few points. Would 
you like to describe the machine a little bet
ter or how it got started, Dr. Lewis?

Dr. Lewis: There is perhaps only one other 
thing to say, and that is that the machine 
itself came from the physicists who had been 
using the NRU reactor. We managed to sepa
rate out beams of neutrons and work with 
them to study the very small changes of ener
gy which represent the motions of atoms in 
solids and liquids. So this had developed as a 
major tool for discovering the atomic pro
cesses going on inside ordinary solids and 
liquids due to temperature, magnetic changes 
and so on.

The other countries, with United States in 
the lead, France and Germany having a com
bined effort and the United Kingdom still 
talking about it, have gone to high flux reac
tors to get still higher fluxes than the NRU 
reactor. But this Intense Neutron Generator 
was suggested as being able to go one step 
beyond these fast neutron reactors in intensi
ty for those purposes. Then, of course, all 
these other things were also there in the pic
ture: the use of it as an electrical breeder, the 
production of isotopes and so on.

Senator Aird: Dr. Lewis, would you just 
amplify it one step beyond that?

Dr. Lewis: We do this rather in powers of 
10. In the NRU reactor, we have about 10 to 
the 14th neutrons per square centimetre per 
second. In the high flux reactor it is a few 
times 10 to the 15th, and in ING it is 10 to 
the 16th. If you ask the materials people they 
will say they want 10 to the 18th and they are 
looking for higher factors. ING is only the 
next step above the high flux reactors.

Senator Aird: The point of my question is, 
was ING a bigger thing than is going on in 
the United Kingdom or the United States or 
is it, or was it, a different thing?

Dr. Lewis: Mainly different. The size is 
comparable, but one thing we haven’t men
tioned at all so far, and it is very important, 
is that ING because it covers so many things 
would also produce mesons, and these are 
unstable particles that do not exist ordinarily 
in nature. People have talked about building 
factories for mesons. One factory is being 
built at Los Alamos in the United States. 
This is under construction at the moment. If 
we compare ING with Los Alamos meson 
facilities, it would cost three times as much, 
but would have 60 times the power.

Senator Grosari: Is that MTA?
Dr. Lewis: No, MTA is dead. That was 

stopped in 1953 because at that time accelera
tors were not so well developed as they are 
now. But one would say that ING and MTA 
are very similar.

Senator Grosart: Did ING arise out of work 
the Americans have done on MTA?

Dr. Lewis: If we look back at history, one 
cannot say that. It was all secret in the Unit
ed States, and they didn’t tell us about it. We 
came on it independently at the same time in 
1952.

Senator Grosart: It was declassified, I 
think, sometime in 1960.

Dr. Lewis: Yes, so far as I know it was 
declassified in 1960.

Senator Grosart: So they had been working 
on it from the early fifties?

Dr. Lewis: That’s right.
Senator Grosart: But your decision to work 

on ING was as a result of independent research 
so far as research can be independent in the 
international scientific community.

Dr. Lewis: ING was brought down off the 
shelf when accelerators made an advance in
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1963 which was after the information on MTA 
had been declassified. At that time we knew 
both those sources, but the recognition that 
we could do something practical had those 
two roots, and another line in the improve
ment of accelerators.

Senator Grosart: The reason I ask these 
questions is that I hope to get some clarifica
tion today of the very diametrically opposed 
opinions about ING that we have had. Obvi
ously this is an area where politicians should 
fear to tread, but in the general area of 
science policy we are required to tread at the 
moment. I don’t profess any knowledge of 
ING, but there is, as Senator Lang suggested, 
some information about the decision making 
process that went into the first decision to go 
ahead with ING and the decision when the 
Government decided to abandon it. It seems 
to me that this is an excellent case history of 
how science policy should not be made. My 
understanding, and I ask to be corrected if I 
am wrong, is that as far as public information 
is concerned, ING was supported by govern
ment for a couple of years to the extent of 
about $3 million. The matter was referred to 
the Science Council, and the Science Council, 
after very exhaustive study, recommended 
that ING be proceeded with along the lines 
suggested by AECL. It seems to me that the 
next step in the decision making was a letter 
to the paper by Dr. Graydon, Associate Head 
of Engineering at the University of Toronto, 
who said “This is a prestigious will-o’-the- 
wisp.” This, despite the fact the Science 
Council had described it as “an original, well- 
conceived idea, which dares to push the fron
tiers of technology.” In fact, I would like to 
read this into the record. This is from Report 
No. 2 of the Science Council:

The Council concludes that the essen
tial idea of generating neutrons by spalla
tion is well-conceived and the unique 
prototype design around a proton linear 
accelerator appears feasible, (p. 4)

The facility would be unique enough 
and scientifically important enough to 
have significant status in the interna
tional community . . . (p. 5)

The Science Council recommends that 
AECL be commended for their foresight, 
imagination, and diligence in preparing a 
thoroughly documented proposal of broad 
scope . . . (p. 7) . . .

The Committee has found the Proposal, 
to the best of its judgment, well-con
ceived and imaginative, (p. xi)

We believe that the ING project is 
sufficiently unusual, daring, and even 
spectacular, that it can excite the public 
imagination and the national pride, (p. 62)

And so on. There is much more in the same 
line. So, we have a Dean of Engineering say
ing it is a prestigious will-o’-the-wisp, and we 
have a letter to the paper by a group of deans 
of engineering saying this is a terrible thing 
and that “all this money should go into uni
versities and industry. This is a terrible 
device to put money into the government sec
tor of research.” Then we have some associate 
deans writing to the paper to say “We want 
to be disassociated from the other disassociat
ed deans.” Then we hear an announcement 
from the Prime Minister in Calgary—and 
personally I was expecting to hear that he 
was going to do something about the rain and 
the wheat—but the announcement was that 
they had instructed AECL to abandon ING. 
The point I make is this: Is this Government 
science policy making? Is this how policy is 
made today? If so, I think we have a job to 
do in this committee.

I would ask Dr. Gray if this is a fair sum
mary of the situation. This is what we, the 
public, have. As far as I can find out there 
has been some work done on it.

Senator MacKenzie: Before answering that, 
may I ask what was the estimated cost of the 
proposal, roughly?

Dr. Gray: At first it would have cost some
thing like $125 million, that is what we 
estimated the total initial capital cost would 
be. I think the total cost was $155 million, 
which is probably the sum mentioned in the 
Science Council report.

Senator Grosart: I think they allowed for a 
25 per cent escalation.

Dr. Gray: It was really a $25-million-a-year 
project during construction and operation.

Senator MacKenzie: I think this is relevant 
to what happened.

Dr. Gray: It was a large major research 
facility for Canada, one of the largest. I think 
Senator Grosart’s summary is quite good, but 
I don’t think it is exhaustive.

Senator Grosart: I don’t suggest it is, but 
what I would like to get is something more 
exhaustive to find out how this kind of deci
sion making is done and what are the com
ponents. I am not criticizing the decision. I 
don’t know enough to know whether the deci
sion was good or bad, but as a layman I am
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astonished that something that has this kind 
of endorsement from the council that was 
given the job of advising the Government on 
science policy should be treated in this way. 
This is not from a Dean of Engineering or 
someone like the gentleman I was quoting 
yesterday. This is from the body set up to 
advise the Government—and recently set 
up—and here is its first big piece of advice, 
and this is the result.

Dr. Gray: We recommended that the pro
ject be proceeded with. We made our recom
mendations to the Government, and the Gov
ernment reached a decision. As far as I am 
aware, there was no criticism that the project 
was not a good, well-founded project, and, as 
far as I am aware, this opinion was never 
reversed as far as the Government was con
cerned. The decision to not go ahead was 
reached, as far as I am aware, entirely due to 
availability of funds. They were aware of the 
opposition of the Deans of Science and a few 
of the Deans of Engineering in a few univer
sities and a few individuals, but there was a 
preponderance of support relative to the 
opposition. But, as far as we know, the deci
sion was made on the availability of funds in 
the research sector at this time in the 
Government.

The Chairman: How much was spent on the 
project?

Dr. Gray: About $41 million from 1963 on 
through to now, and we have had a number 
of people assigned from industry and univer
sities working on this. Some have already 
gone back to their companies and the rest 
will all be back before the end of this fiscal 
year. We have cancelled a lot of contracts and 
are winding up the ING project.

We have just had an initial report as to 
what we think we should do with the pro
gram, and there are some areas that certainly 
appear worth carrying on under our normal 
budget level for this group of applied physi
cists.

Senator MacKenzie: Will ING be out of 
date by the time you have the funds available 
to get round to it again—or is that an imposs
ible question to answer?

Dr. Gray: I think that if it were a five-year 
delay we probably would not want to build it. 
Perhaps Dr. Lewis could speak to this.

Dr. Lewis: The world of accelerators is 
changing quite rapidly. When the initial ING 
proposal was put forward, we called the

accelerator that seemed then to be the best 
the separated orbit cyclotron. But the devel
opments at Los Alamos regarding their meson 
factory was so large that this made us change 
our reference design over to the linear 
accelerator.

There are further studies in the world on 
the linear accelerator, particularly at Stan
ford University on super-conducting linear 
accelerators. Some people think that will take 
over from the Los Alamos type.

There is, however, another far-reaching 
prospect in accelerators that was announced 
by Russia in September, 1967. This is not a 
new idea, but it was new information that 
they were, in fact, building an accelerator by 
this means, and this has been taken up by a 
group at Berkeley and Livermore in Cali
fornia. We have been following this very 
closely, and participating to some extent. This 
has some way to go, but if it is successful it 
should do very much better.

Let me say that when we are thinking of 
using these neutrons in the power cycle, we 
would certainly need a very much better 
accelerator than the one we were proposing 
to build for ING. It may very well be that 
this electron ring accelerator may be the ulti
mate, but this is a tremendously interesting 
stage of the work. One cannot yet say whether 
it will come through or not, but within a 
year we expect to know a lot more.

Senator MacKenzie: If I could comment on 
Senator Grosart’s question on policy-making: 
I do not profess to know as much about 
politics as he obviously does, but on the basis 
of my own experience on the fringes of this 
area, if a government is confronted with a 
difference of opinion among alleged experts 
and it does not want to spend money, or is 
interested in economy, this is the best way of 
ensuring that a thing will not be carried out. 
Disagreement among the alleged experts 
gives any government one of the best excuses 
possible for dropping something, if they want 
to economize and save money and are not too 
enthusiastic about it anyway.

The Chairman: But you started this work 
in 1963?

Dr. Lewis: Yes.
The Chairman: Did you have an estimate of 

the total project at that time?
Dr. Lewis: In 1965 we invited the universi

ties to participate in a symposium, and at 
that symposium I said that the problem we 
have in this study is to see if we can build

29101-
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this thing for less than $100 million. I was 
putting this forward as a challenge. We 
thought it was very doubtful that we would 
be able to and, in fact, I would say that there 
has been no change in the overall assessment 
of the magnitude of the project.

Dr. Gray: It was not until 1966 or 1967 that 
we started to look at the sizes of the numbers.

Senator Grosart: I do not want to be 
misunderstood. I am not in any way con
cerned with, as may have been suggested, the 
political aspects of this. I am trying to put the 
Science Council in its proper context in Gov
ernment policy-making. Senator MacKenzie 
suggested I am talking about two different 
groups of experts. That is not my point at all.

What I am saying is that we have the 
Science Council which has recommended this. 
What is going to happen in the future? What 
is the use of the Science Council? Perhaps 
this is something we can ask them when they 
come before us, but if the Science Council is 
to be overruled on the basis of letters to the 
papers, as far as we know, this is the essence 
of my point here.

The Chairman: I do not believe the final 
decision was taken just because letters were 
sent to newspapers.

Senator Grosart: That is what we are here 
to find out, Mr. Chairman, and our friends 
from AECL are the people immediately con
cerned, and I wonder if they know, but they 
say the decision was made only on the basis 
of fund availability.

There were many other projects that were 
continued concerning which all the experts 
were not unanimous. This one was picked off 
after an expenditure of some $612 million by 
AECL on this whole project.

The Chairman: Not on this project alone.
Senator Grosart: No, this is my point—and 

I am coming to it now. The commentator 
says:

One of the possible uses of ING was to 
allow AECL to keep the doors open to 
breeder reactors.

If this is so, it has to be put against the 
whole $612 million, because we were talking 
yesterday about the possible danger of ECL 
having all its eggs in one basket, the natural 
uranium heavy water reactor. Was this one of 
the main reasons for getting into ING, to 
keep the doors open in this breeder reactor 
area?

Dr. Lewis: Yes.

The Chairman: Was it not a very indirect 
route?

Dr. Lewis: What we said was—and I am 
afraid I cannot remember exactly the docu
ment it is in, but it was addressed to our 
board of directors—that we felt it was time 
we broadened our base. This was in answer 
to their request for information as to what we 
would be doing in ten years’ time. We know 
we have never been as broadly based as the 
United Kingdom or the USAEC, and we felt 
it was time to broaden our base, and that this 
was a field in which we could broaden our 
base most effectively. Always in front of us 
was the feeling that eventually this would be 
taking part in the overall competition with 
the breeders, but at the same time, it would 
give us other lines of technology that might 
be blended with breeders. We envisaged the 
possibility of having small fast reactors 
associated with large heavy water reactors, 
but these are just technical ideas.

The Chairman: In other words, in your 
mind it was a kind of all-purpose exercise to 
broaden the basis of research?

Dr. Lewis: Yes.
Dr. Gray: With respect to Senator MacKen- 

zie’s point I would agree that if you have 
opposition to anything then it is much easier 
to turn it down. I think that this is a fact of 
life, and in a project of this size you are 
going to have opposition to it from some
where—from people who have not been close
ly associated with it. We have tried to involve 
many people in this. We certainly did not try 
to slip this in without the public knowing 
about it. We had open forums at which we 
discussed it, and separately with presidents of 
universities and deans of science. So, it was 
very much in the public eye. I notice that 
Dr. Solandt said that if we had really got the 
scientific community behind us, the Govern
ment could not have turned it down, but I 
think it is virtually impossible to get 100 per 
cent support for anything.

Senator Grosart: I agree.

The Chairman: This sounds like what was 
said of the generals of another period. If they 
all agreed, they could take over.

Senator Robichaud: I do not know whether 
Senator Grosart meant what he said when he 
said that the Science Council was overruled 
by the Government. It is true that the Science 
Council recommended that the project be pro
ceeded with, and the Government decided not 
to proceed with it, but I do not know that we
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can take the interpretation that the Science 
Council’s recommendation was overruled. I 
think the facts are as we were told, that the 
Government decided, probably because of 
financial conditions and other considerations, 
not to proceed with ING, but I do not think it 
is correct to say that the Science Council was 
overruled. I do not think that is a correct 
interpretation of the decision that was made.

Senator Grosart: Well, it is only a matter of 
semantics. If “overruled” is too strong a 
word, I will not insist on it. The point I am 
making is that the function of that Council is 
to try to bring before the lay political deci
sion-makers the consensus of scientific opin
ion in the country. Whether you say the Gov
ernment ignored it, or paid no attention to it, 
or discussed it but did not follow it, I do not 
care. But, I do not like the suggestion that it 
is necessary for some people to rise to the 
defence of the Government in this matter, 
because I am not criticizing the Government.

Senator Robichaud: It is just that word 
“overruled” that I do not like.

Senator Grosart: I do not care what the 
Government does. If anybody wants me to 
put a little political balance into the discus
sion I will say I will not defend the Arrow 
decision here.

Senator MacKemie: Mr. Chairman, you 
know that I am not a scientist, but in respect 
of this I do know that one of the reasons 
given by the groups which were unhappy 
about ING was that it would absorb too much 
of the money available for this kind of work. 
They felt that if this same amount, or even a 
lesser amount, of money were available for a 
number of other small projects they would be 
happy. They believed this was going to eat up 
all the money available for work in this field, 
and this was, in part, the reason for the disa
greement and opposition to it.

Now, because I point this out it should not 
be suggested that I go along with that view. I 
am one of those people who believe that it is 
not in the nature of human beings to agree 
among themselves one hundred per cent, and 
this is particularly true of academics and 
scientists. But, if you get as close to a majori
ty as you can, or a good majority, then your 
chances of getting action are better than if 
there is a desire among different groups to do 
different things.

The Chairman: To come back to Senator 
Grosart’s point, my view would be that the

Science Council was not overruled, but that 
the Science Council gave scientific advice to 
the Government and, in so far as I can inter
pret the following events, the federal Govern
ment reached a financial decision. It did not 
reach a scientific decision.

Senator Grosart: Somebody made the com
ment—and I have forgotten who it was—that 
we are back to where we started. The Treas
ury Board is making science decisions.

Senator Lang: Mr. Chairman, I think what 
I was going to ask for comment on has been 
partially answered by what Senator MacKen- 
zie said in his remarks. I am wondering if 
really at the root of these problems that we 
had in connection with ING and the telescope 
is basically a conflict between different in
terests for the amount of money that the Gov
ernment has available for spending in the 
scientific field. Among experts I know that as 
an opinion becomes more refined differences 
that occur are often not fundamental to the 
merits of the issue, but because of more 
extraneous considerations that unconsciously 
come into the picture. I am surmising that 
behind this lack of policy or lack of direction 
we are really witnessing a contest for support 
in the field of science between competing in
terests. I would like to know whether that 
observation has merit, Dr. Gray.

Dr. Gray: You are asking whether the idea 
of competing for a small bit has merit, or 
whether.. .

Senator Lang: No, whether my concept of 
this problem has merit.

Dr. Gray: I think it has. There is no doubt 
that the availability of funds is less now than 
it was a couple of years ago—that is, relative
ly. I do not think there is any doubt but that 
the availability of funds would increase if the 
idea that the Science Council had, and that 
many of us had, that R and D should be a 
little higher percentage of the GNP, were 
adopted. This we are not doing in Canada at 
this stage. At least, I see no evidence of a 
relative increase in expenditure on R and D 
this year, or next year. If we were trying to 
get up to 2 per cent of the GNP then I think 
there would be ample funds available for all 
of these projects.

Senator Lang: But, I am suggesting that if 
there had been ample funds for university 
research—all that the universities could 
absorb—and ample funds for a project such 
as ING, then the critiques of the ING pro-
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gram, and the criticism that came from the 
universities, would not have arisen.

Mr. Gray: I think that this is largely 
correct.

The Chairman: Surely, this is analogous to 
a cabinet meeting without the Minister of Fi
nance. It can very easily agree on all of the 
projects coming from the various departments.

Senator Lang: I think that this is going to 
reappear in our hearings, Mr. Chairman. This 
committee is going to have to come forward 
with some sort of recommendation because 
this seems to lie in a very fundamental area 
of our inquiry.

Senator Aird: Accepting Dr. Gray’s answer 
that in effect it was a limited budget that 
stopped the ING project, I would like to go 
back a little back to Senator Gros art’s 
remarks about the decision-making process, 
and ask you if there is a possibility that 
because of comparable United States activity 
in a comparable field there is a security prob
lem involved here—that is, as it relates 
between Canada and the United States. Do 
you think the U.S. activities in this field had a 
bearing on Canada’s decision to continue?

Dr. Gray: I am not aware of any. As far as 
the scientific community in the United States 
is concerned, the United States Atomic Com
mission were wholeheartedly behind this pro
gram in Canada; they thought it was a good 
program and complemented the work at Los 
Alamos.

The Chairman: Complemented and not 
competed with?

Dr. Gray: This is a different line. You 
might like to hear Dr. Lewis on this. I am not 
aware of any feeling of competition. I think 
they would have been very pleased to see us 
with a neutron flux of ten to the sixteenth or 
ten to the seventeenth. Were you aware of 
any, Dr. Lewis?

Dr. Lewis: No.

The Chairman: I understood you to say a 
moment ago that the MTA was, originally at 
least, a very similar project. I have been told 
that as a result of the work they have done 
on that project in the United States a lot of 
patents were taken out on that project. Would 
the fact that these patents were taken out in 
the United States have prevented you from 
developing your own project to the end?

Dr. Lewis: No, we would not have been 
worried.

The Chairman: Why?
Dr. Lewis: We have very good relations 

with the USAEC and I am quite certain they 
would have made over patents that were real
ly valuable to this program.

Dr. Gray: I do not think there is any doubt 
the patents would have been available to us if 
there was any infringement of patents, or 
appeared to be any infringement of patents.

Senator Thompson: If you had been aware 
that there was going to be a budget cut for all 
your operations to the extent that it affected 
ING, would you have suggested then that 
there would have been a cut in some other 
research?

Dr. Gray: No. The board had reached the 
decision that the other program had to go 
ahead, that next year there had to be some
thing like $5 million for ING. In fact, when 
we put the budget in for next year—which 
has not been settled yet—there was an item 
for ING for $5 million as a support item, and 
if ING did not get approved we would not 
have taken $5 million or something less out of 
the regular program. Our program is so tight 
on the power reactor side, and other science 
activities at Chalk River and Whiteshell, that 
we simply could not make any adjustment. 
We have been making adjustments in the last 
few years to support ING. The first three pr 
four years it got support entirely under our 
normal budget, and in the last couple of years 
we got some specific support for ING. The 
answer is that we would not adjust the rest of 
our program to support it; it is too big.

Senator Grosart: Is this a comparable de
velopment to the meson factory development?

Dr. Lewis: As far accelerators go, the 
intense neutron generator was 60 times the 
power of that.

Senator Grosart: Dr. Rosen of Los Alamos 
was very enthusiastic about the future of this 
project. Perhaps I might quote him from the 
AEC hearings in 1968. I think it is rather 
interesting in this context. He briefly summa
rized the scientific motivation, and talking of 
the meson factory he said:

It is becoming ever more apparent that 
the meson factory offers a means of 
achieving the next stage in our under
standing of the structure of nuclei and of 
the forces by which that structure is 
governed.
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I omit a paragraph which only reinforces 
that.

Our hopes for the utilization of a 
meson factory in practical applications 
have also been reinforced during the past 
two years.

Then he refers to the weapons aspect.
The need in the weapons program for 
very high intensity neutron sources to 
mock up the neutron environment pro
duced by a nuclear explosion has not 
diminished.

I presume it is in that very large context of 
scientific horizons that we are anxious to 
spend this additional money on ING. Is that 
correct?

Dr. Lewis: Yes. We have some very close 
relations with Dr. Rosen and his group at Los 
Alamos. One of the Chalk River staff is 
attached there at the present time and report
ing regularly to us. We believe we have 
helped them; we know they have helped us.

Senator Grosarl: We are really dealing with 
science policy decisions in terms of priorities, 
and the Science Council in its report indicates 
certain priorities. The point I am making is 
that from all the evidence I have been able to 
gather this seems to have been a priority that 
should not have been moved down the list as 
a result of a decision-making process, which 
appears to me to have been superfluous, as I 
have indicated. It is not good enough just to 
say “We did not have the money” without 
giving a reason, without saying, “This is not 
necessary, we do not need to expand our 
science horizons. We have decided not to go 
from the 1.3 per cent of G.N.P. to anywhere 
close to 2 per cent”, in spite of the fact 
that practically all the things we have heard 
here indicate that if we do not move up our 
total expenditure on R and D from 1.3 per 
cent to 2 per cent of G.N.P., as one prominent 
scientist said the other day, we are in danger 
of becoming an undeveloped country in 20 
years. This is the point I am making, because 
here we are dealing with Government func
tion and science policy making. I think that is 
why it is an interesting case history.

The Chairman: Would there not be another 
similar or parallel problem? For instance, we 
have been told that that in Belgium at this 
moment they are devoting a lot of energy, 
consultation and thought to preparing a spe
cial science budget which is different from 
the rest of the budget. We do not have that

here. If we had some kind of special budget 
for science and research, I wonder if these 
decisions would be taken in a better environ
ment, in a better overall framework? If you 
do not want to comment on this, Dr. Gray, I 
will ask Mr. Golden to comment.

David A. Golden, Director, Atomic Energy 
of Canada Limited: Sure, I will comment. I do 
not think you will end up with any different 
answer to the one we talked about earlier, if 
the demands are going to greater than the 
available resources. I might add that within 
the board of directors of AECL, when we 
talked about ING there were some real hesi
tations about ING if it meant cutting back on 
R and D in industry or in the universities. 
That is not the way we conceived of ING. We 
conceived of ING as an increment to govern
ment support to research and development, 
not a substitution therefor. In this world 
everybody wears more than one hat and there 
were many of us with interests in the universi
ties and elsewhere who were most anxious 
that ING, if proceeded with—and we were in 
favour of it—should be proceeded with as 
incremental thereto and not in substitution 
for something else.

Senator Leonard: Therefore if the funds 
were not available ING did not have priority 
to take away from anything else?

Mr. Golden: As Dr. Gray said, we have a 
primary responsibility on the board of AECL 
to insure that this enormous program, on 
which Ontario Hydro and others have 
embarked, gets proper government support, 
and we could not recommend that it be cut 
back to support ING.

Senator Aird: We appreciate that this deci
sion has some obvious disappointments for 
AECL. Does it not have some merit in that it 
leaves you with a flexibility of choice? You 
have just discussed the flexibility of choice 
that you had within your own board of 
directors.

On the decision to continue, I recall 
Professor Arthur Porter being before this 
committee and I believe he said that the 
interaction between the scientific communities 
is continually accelerating. This goes back to 
my previous question relating to the United 
States. This decision to discontinue, this 
hiatus, leaves you with a flexibility of choice, 
leaving you with a decision on improving on 
ING, even so many years from now. Is there 
any merit in that?
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Mr. Golden: Let us be perfectly clear, there 
was no AECL decision on ING.

Dr. Gray: I doubt very much if there is any 
merit. We now have five years to make a 
choice and a decision, which then will be 
cancelled; and then five years to make an
other choice and then it will be cancelled. We 
know that everything we do is outdated by the 
time it is done. The reactors we built are not 
in that position, because they use a low cost 
fuel, but the Douglas Point Reactor has been 
improved upon and in turn the Pickering 
reactor. I am sure that if ING were built, we 
would wish we had a different type of accel
erator, and if we wait to have a different type 
of accelerator developed we would have a 
different type of ING, but if we continue 
waiting for the ultimate development we have 
nothing. So there is this freedom of choice, so 
long as you do nothing.

The Chairman: So long as you build 
nothing.

Senator Grosart: If you cut your wife’s 
allowance it is a good thing because it gives 
her a little more flexibility in the shopping 
basket.

Senator Cameron: There is something fairly 
fundamental in relation to the scientific 
world. This decision has obviously been built 
on the basis of economic priorities. Can you 
tell us, thinking in terms of the fantastic 
expansion of scientific knowledge and devel
opment, what is the minimum lead time that 
you need to have, to have some assurance in 
planning these projects? Is it ten years?

Dr. Gray: With a project like ING, certain
ly ten years from the time you start it to 
when you have it in operation. Any new reac
tor is ten years—it takes about five years to 
build it.

Senator Cameron: If you start doing this, it 
would be pretty bad, even recognizing the 
economic factor of life, after you have 
planned your program, with a view to bring
ing it to fruition ten years ahead, if the Trea
sury Board, even for the best of reasons, says 
you cannot do it. We cannot move forward 
very fast in that way. Does it not suggest that 
one of the recommendations this committee 
might make is that there be something in the 
nature of a protection of a certain amount of 
lead time on certain projects? I do not know 
whether this could be worked out or not.

Dr. Gray: It would be certainly advan
tageous to us in our planning, We feel we

have fairly good protection in our basic pro
gram but, as was mentioned earlier, if there 
were some way of knowing you were going to 
have a 10, 12 or 14 per cent increase, or even 
that we were going to keep up to the escala
tion with the normal program, and any new 
program, this would help. We put in five-year 
budgets, every year, but they are not 
approved, they are in for information.

Senator Cameron: If we do not do some
thing like this, are we not going to find our
selves perhaps twenty years behind? This is 
the crux of the matter.

Dr. Gray: We know that everything has to 
get its fair share, but we do have to have this 
increase in Canada or we are going to be in 
trouble in a few years.

Senator Grosart: Would you say that this 
decision to postpone or cancel the ING pro
ject now substantially limits the opportunity 
for you to start working on an alternative to 
the heavy water reactor?

Dr. Gray: No; other than that it is disap
pointing. There was a group of people work
ing on it; the type of people deeply involved 
become disappointed with such a decision. I 
do not know whether they can be put on a 
new reactor system. Many of them have given 
four or five years of their scientific life work
ing hard on this and it has stopped at the 
time when they were coming to the point of 
seeing how to build it.

Senator Grosart: You will be able to keep 
these people with you, I understand?

Dr. Gray: We will keep our own people, 
but 25 per cent of those on the project were 
not AECL staff. A fairly large per cent of the 
work was under contract with industry, we 
will have to drop that. There will be a slow
down and then a pickup. These men are too 
good to keep down, they will come up with 
ideas and hope the next one will go ahead.

Senator Thompson: What are the limita
tions on a decision to go ahead and then 
another decision to stop? What effect has 
this? I can see a number of things in morale 
and also perhaps in loss of information. What 
would you count as the priorities of limita
tion, in the effect of the decision by the Gov
ernment to curtail the program?

Dr. Gray: I think we could answer this 
suggestion much better in six months’ time. 
We want to see what we can do and what we 
can salvage and see what project may be
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profitable or what might be unjustified. There 
is enough to do, I do not think there will be 
much difficulty. There was certainly a change 
in morale in Chalk River when the project was 
cancelled. It did not come very suddenly as 
we had a pretty good idea it might be can
celled and kept people advised. But there is 
bound to be a drop in the morale, depending 
on the individual. If we can get enough funds 
to finish some part of it, perhaps the target 
area, where we are pumping around lead bis
muth in a fancy way—if we can finish this 
work which is related to fast reactors in a 
year or two, this would keep some satisfied— 
but not forever, because they really want to 
see their results applied. Even though funda
mentally they are scientists, they like to see 
their efforts built into something that is good 
for the country.

Mr. Golden: Perhaps another answer to 
Senator Thompson is the question the board 
of directors asked in 1963, as to what they 
were going to do in 1973; it is still unan
swered. Perhaps that is the most important 
aspect of this decision.

Dr. Gray: It is a question of picking the 
next best thing. I remember that there was a 
case of the magneto hydro dynamics, as to 
whether we should go ahead with such work. 
The Board was reluctant to support that line. 
I think we will find an alternative solution.

Senator Thompson: From listening to you, 
it is not a case of a team which is disintegrat
ing and all heading down to the United 
States, it is not a case of information which 
would be classified. We are getting informa
tion concerning new advances in this field 
from the United States and from some other 
countries. Just as a layman listening to the 
effect of this, it does not seem to me to be 
quite as devastating as I first thought.

The Chairman: If something else is 
developed.

Dr. Lewis: I should support what Mr. Gold
en has said, that we feel that we have got an 
extremely good line of heavy water power 
reactor that can go a very long way. I myself 
am quite seriously worried that this is not 
adequately supported to keep in the competi
tion, that the target is moving, other people 
will be making advances and the competition 
becomes tougher. I certainly could not recom
mend taking people off the power reactor 
program to put them on ING, even though I 
feel that we are very narrow on the heavy 
water reactor. It is in our brief, this is our 
message—what prevents us from going for
ward is the limitation on funds.

The other aspect of this is that we do not 
individually take more money. It means that 
if there is more money, more people are 
involved in the program. We even do not 
have to keep it within AECL. The suggestion 
is in the brief, that we would expect this to 
grow, as we ourselves grew in the past from 
being a division of NRC to becoming Atomic 
Energy of Canada. We see this type of growth 
as being very natural. We certainly are mis
sion oriented. We want to get these things 
into competition and keep them there and it 
is quite a problem at the present time facing 
the unnatural sequence—a slight increase, 
then a drop. Then it is very difficult.

The Chairman: Honourable senators, as 
there are no more questions, the committee 
will adjourn. Before we adjourn I would like, 
on behalf of the committee, to thank Dr. Gray 
and his colleagues for spending so much time 
with us and for giving us so much useful 
information. Thank you very much, 
gentlemen.

The committee adjourned.
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BRIEF HISTORICAL BACKGROUND

Although atomic energy studies in Canada can be traced 

back to the turn of the century, it was during the Second World 

War that the present programme had its beginning. In fact, 

although there were no celebrations or other observances to mark 

the occasion, the 25th anniversary of Canada's entry into the field 

occurred in 1968.

2. As is well known, the initial research effort was directed 

toward the production of material for atomic weapons and was 

cloaked in the utmost secrecy. The people of Canada were very 

surprised indeed when it was revealed, in August 1945, that "by 

far the largest organization ever created in this country to carry 

out a single research project" had been engaged in atomic research 

in a laboratory in Montreal and that construction of a pilot plant for 

the production of atomic materials was well advanced near Chalk 

River, Ontario.

3. With the war ended, the government of the day was faced 

with the decision whether the Chalk River project should be continued 

or be run down along with the rest of the war machine. The decision 

was made (and a very important one it was) that Canada should 

capitalize on its early start in atomic energy research. In 1946 the 

federal government passed the Atomic Energy Control Act providing 

for the control and supervision of the development of atomic energy 

for peaceful purposes.

4. A major milestone was reached the next year, when the 

NRX reactor was commissioned at Chalk River. NRX was an experi

ment, a departure into the unknown, and it proved to be an outstanding
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success. For some years it was the world's most powerful 

research reactor and it is still giving valuable service. Ten years 

later came NRU, a reactor with ten times the initial power of NRX 

and with experimental facilities that enabled Canada to remain in 

the forefront in nuclear science and technology.

5. It will be recalled that it was the National Research 

Council that first directed the atomic energy programme in Canada. 

However, as Chalk River grew in size and as the commercial 

aspects of the programme became more apparent, it was realized 

that a separate, specialized organization was required. This led 

to the creation early in 1952 of the Crown company, Atomic Energy 

of Canada Limited.

6. Shortly afterward a division of Eldorado Mining and 

Refining Limited that had been formed to handle radium sales but 

which then was also marketing radioisotopes produced in the NRX 

reactor, was transferred to AECL. Just a year earlier this group 

had attracted worldwide attention for its part in the development of 

the first Cobalt-60 commercial therapy unit ever to be used in

the treatment of cancer.

7. By force of circumstance more than anything else atomic 

energy work in Canada was confined, to begin with, to the use of 

heavy water as a moderator for nuclear chain reactions. This line 

of endeavour proved to be so successful and so promising that when 

the Canadian programme was continued on a national peacetime basis, 

concentration on the use of heavy water was natural.

8. Nuclear power was a challenging target for the scientists 

and engineers, but it was not for several years that sufficient con

fidence and experience were accumulated so that they could see that
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the unequalled properties of heavy water would allow power reactors 

to be designed to operate efficiently on natural uranium fuel.

9. In 1954 a study was made of the application of nuclear 

power generating stations in Canada. This led to a decision to 

design and build a Nuclear Power Demonstration station of 20, 000 

kilowatts at Rolphton, Ontario, as a co-operative venture involving 

an industrial firm (Canadian General Electric Company), a 

provincial public utility (Ontario Hydro) and AECL. NPD's main 

purpose was to establish the feasibility of the Canadian design and 

to provide verification of the basic principles of the heavy water 

natural uranium system. Since starting up in 1962 it has convincingly 

achieved that objective.

10. Well before NPD was completed the concept had become 

sufficiently promising that the government of the day decided to 

commit a commercial-size plant of 200,000 kilowatts at Douglas 

Point, Ontario. In turn, Douglas Point was still in the early stages 

of construction when an agreement was reached whereby AECL was 

to furnish the nuclear design and other engineering services for a 

similar station in India.

11. In 1962 Ontario Hydro and AECL discussed the possibility 

of building a plant significantly larger than Douglas Point. The 

ultimate outcome was the decision by Ontario Hydro to build the 

Pickering nuclear power station, 20 miles from the heart of Toronto. 

The initial commitment was for two 540,000-kilowatt units; this has 

since been doubled to four units.

12. On the St. Lawrence River not far from Trois Rivieres, 

AECL is building, in co-operation with Hydro-Quebec, a nuclear 

power station with a designed capacity of 250,000 kilowatts. This is
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a prototype of a new type of reactor. Like other Canadian stations, 

it will use heavy water as moderator and natural uranium as fuel, 

but for the coolant it will use boiling light water in place of pressurized 

heavy water.

13. To round out the family of Canadian heavy water power 

reactors, the Canadian General Electric Company is building a 

137,000-kilowatt plant near Karachi for the Pakistan government.

14. So, all told, there are at present six nuclear power stations 

of Canadian design either in operation or under construction. Four 

are in Canada, one is in India, and one is in Pakistan. Their total 

designed capacity is in excess of 3 million kilowatts and they represent 

a total investment of more than $900 million. Designs for nuclear 

power units of 750, 000-kilowatt size have been under way for over a 

year, and Ontario Hydro has announced that it may make a commit

ment for a new station with an output of 3 million kilowatts before the 

end of 1968.

15. Running parallel to the nuclear power programme has been 

an extensive research programme in both fundamental and applied 

fields of atomic energy. The scope of this programme and results

in some selected fields are discussed in later sections of this sub

mission.

16. Similarly, an extensive isotope research, development and 

application programme has flourished in AECL with the Commercial 

Products group carrying the main burden of programme selection and 

pursuit through to commercial sales, supported by work at the 

research establishments.
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BACKGROUND AND PROSPECT

Nuclear Power

The forecasts shown in Figure 1A suggest that over 

the giext 20 years Canada's investment in nuclear power generating 

stations will rise to a total of about $4 to $5 billion and will be 

increasing then at a rate of at least $3 billion in five years. The 

more recent forecasts were made by a committee of the Canadian 

Nuclear Association in 1964 and confirmed in 1967. They are not 

substantially different from the earliest forecast made by W. B. 

Lewis in 1953. AECL was only formed in 1952 so it can be said 

that this prospect has been before us all the time and served as a 

gauge as well as motivation for nuclear power development.

2. The credibility of these forecasts is discussed at some 

length in the reports by their authors. Here it is sufficient to note 

that the scale of millions of kilowatts generating capacity in which 

the forecasts are first made may be checked by referring to other 

points plotted in Fig. 1A. One line shows the forecast derived from 

the utilities in 1953 for the total electric power in Canada which 

proved, as shown, to be much below the actual installation. Nuclear 

power for some time will be only a small fraction of the total 

generating capacity and even by 1988 nuclear power is less than one- 

quarter of the forecast total.

3. Further evidence of credibility may be seen from a com

parison with the nuclear power capacity in the U. S. A. that already
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exists or is in early prospect. The three points shown correspond 

to the reported operating capacity of 2. 8 million kilowatts at the end 

of March of this year, stations having a total of 20 million kilowatts 

capacity already under construction, and the forecast of 150 million 

kilowatts by 1980 suggested by the U. S. Atomic Energy Commission. 

The U. S. A. has been taken by surprise by the rapid rate of investment. 

Our forecasts are small by comparison but they are not insignificant.

4. The objective of research and development is to allow the 

power demand to rise and be met without involving too high a cost 

either in capital investment or for operation. The scale on the right 

of Fig. 1Acorresponds to an investment allowance of $200 per kilowatt. 

Our current target is to reduce this for nuclear power to $l60/kW and 

there is good prospect of achieving this if we press ahead and do not 

falter.

5. So far only Ontario and Quebec are committed to nuclear 

power stations but their entry and the general world prospect indicate 

that other provinces in time will also adopt nuclear power with benefit.

6. The main features of the heavy water reactor system 

pioneered by AECL are that it consumes relatively little fuel, the fuel 

can be natural uranium and the fuel fabrication cost is low. Going 

beyond these low fuelling costs, a useful credit will come from the 

plutonium value in the spent fuels. Moreover, the fuelling system is 

flexible and can be changed to meet any changes in the market such as 

a rise in the price of uranium or a fall in the price of plutonium. The 

flexibility allows the introduction of thorium as a component of the 

fuel and may involve recycling of the fissile materials. Canada is

not yet equipped with spent fuel processing plants or a uranium enrich-
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ment plant; such additions should come at such time as the market 

justifies them. For the present, natural uranium serves as fuel 

and there is a good prospect of selling the spent fuel because of the 

value of its plutonium content.

7. The sale of power is a component of the Gross National 

Product. If the generator of power receives 4 mills (0. 4 cents) per 

kilowatt hour for a 7, 000-hour year, the revenue is $28/kWyear.

With 20 million kilowatts of nuclear capacity in prospect for 20 years 

from now, the total revenue then becomes $560 million a year.

8. All the forecasts in Fig. 1A are based on a normal extrapo

lation of power demand common to many industrial countries, but

a new prospect is rapidly opening up. As the cost of power falls it 

can be applied economically to new processes including the desalting 

of water, the production of phosphate and other fertilizers, and the 

winning of metals from their ores. One prospect is of large 

industrial complexes gathered around large generating stations. Such 

"agro-industrial" complexes could be situated almost anywhere in the 

world. The chief requirement is the ability to concentrate sufficient 

organized effort into the region. Such developments are envisaged 

as being of major assistance to the larger of the developing countries 

or to large areas. They can be seen as a logical extension to Canada's 

contribution to nuclear power development in India and Pakistan. If 

the gap between the developing and the more industrialized nations is 

to be closed, we must share the best that we know. We may also expect 

these new industrial complexes to be established in appropriate
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locations throughout Canada.

Isotopes

9. It is anticipated that a high percentage of radioisotopes

in use 20 years from now will be in new applications. Consequently, 

it is not possible to make a reliable forecast of the scale of their use 

at that time.

10. Canada pioneered in the production of Cobalt-60 of high 

intensity and in the design of advanced equipment for use in beam 

therapy, thanks to the high neutron flux in the NRX reactor and the 

initiative of several Canadian scientists. Building from this, AECL- 

Commercial Products has been able to secure and retain large 

fractions of the North American and world market for Cobalt-60.

This market has continuously expanded because of increasing use

in therapy, and recently in large-scale industrial irradiators for 

sterilizing packaged medical supplies, and for producing desirable 

chemical and other changes in industrial products.

11. Although Cobalt-60 therapy is not capable of curing all 

cancer patients, it is estimated that in 1968 more than one million 

well-patient years will result from treatments performed on equip

ment made in Canada by AECL. Of these, about 100, 000 will be in 

Canada. Aside from the value in the alleviation of suffering, these 

people can and do make a very real contribution to the Canadian economy.

12. Cobalt-60 is the essential base of most of the revenue of 

Commercial Products but it is foreseen that other isotopes that can 

be produced advantageously in the NRU reactor may open up new and 

larger markets.

13. The U. S. Atomic Energy Commission and the U. K. Atomic
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Energy Authority support broadly based programmes to develop 

their national capabilities for the large-scale production and use 

of isotopes as sources of heat and radiation. The programmes 

cover applications to health, space missions, oceanography (including 

off-shore search for minerals), navigation aids, and aids to well

logging and mineral prospecting. The field is so diverse that it is 

possible to exploit the low cost of some spare neutrons in the CANDU 

reactors and the high intensity of neutrons in the NRU reactor to make 

selected isotopes and so gain a competitive edge in the markets that 

will be established.

14. Estimates of the total volume of annual business in several 

realistic forecasts from the U. S. put it in billions of dollars so there 

is room to expand if the opportunity can be seized. Much of the 

business acquired by Commercial Products comes from the associated 

equipment and services offered. It seems almost certain that similar 

innovation and comprehensive services will be the key to Canada's 

future position in this field.

15. The wide range of uses of many special isotopes on a small 

scale, particularly as "tracers", continues to create savings in many 

large-scale industries throughout the world. The benefits to industry 

are considerable but the revenue to the supplier of isotopes is small 

and supports little development. Probably for this reason, government 

support will be maintained and grow in an increasing number of 

countries. Data have been published for savings to industry in a 

number of countries, including the U. S. and U. K. Pro rata savings 

should be available to Canadian industry if adequate applied research 

and development is done. This would require a substantial increase 

over present AECL activities toward such applications.
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Fundamental Research in Nuclear Science

16. Not only through the use of isotopes but also in appli

cations of nuclear radiations, neutron beams and special particles 

such as mesons, nuclear science is spreading through the chemical 

industry and the science of materials. Our output and contributions 

are developed in Appendices 13 and 14.

Reduction in Unit Cost of Energy

17. One world-wide development dominates all others in 

atomic energy. It has now been demonstrated that nuclear generation 

of thermal-electric energy is not only feasible and economical but 

that the more energy one requires the cheaper it becomes and that 

resources to produce this energy are virtually limitless.

18. Although our civilization depends on the use of ever- 

increasing quantities of energy, the basic philosophy has been that 

with time it will become more expensive and new supplies scarcer.

It will take some years for national leaders to adjust to the new 

situation, but even now it is clear that:

(a) Current high rates of yearly increase in demand for 

electric power, rather than decreasing (as was previously 

expected) may even grow.

(b) Canada can well maintain her position as a favoured site 

for supplying large amounts of low-cost electric power.

To hold this position, however, will involve some change 

in our present economy as an increasing number of 

nations gain the same position.

(c) To meet the international competition in atomic energy 

the necessary research and development may well involve 

some increase in our overall effort.
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(d) If Canada continues successfully in atomic energy

research and development, export of the resulting 

products will help to meet increasing world demands 

and also to offset the economic change mentioned in (b).

19. On the world scene nuclear power is finding its first 

economic application in highly industrialized regions, where the 

demand is sufficient to make the capital available and muster the 

large engineering construction effort. Moreover, chemical pro

cesses using power more intensively will progressively take over 

from others as the unit cost of power becomes lower. As mentioned 

in paragraph 8, it has been foreseen that power-consuming industrial 

complexes will grow around major nuclear power installations. Since 

nuclear power can be located almost anywhere in the world, it is 

seen that "agro-industrial" complexes that desalt water and make 

fertilizer as well as extracting metals from their ores chould become 

economically viable anywhere the effort can be mustered. The door 

to this future opens now that economic nuclear power stations of 

several million kilowatts capacity are being designed in Canada and 

elsewhere.

20. Looking at Canada's programme in detail, we now have 

the CANDU line of reactors developed and coming into industrial 

use as sources of low cost power. As this is a new and rapidly 

growing Canadian development, one would expect the federal govern

ment agency (AECL in this case) to provide research and development 

for some time, although our effort in this particular sector may 

start to diminish as design and operating problems become better 

understood and as industrial effort increases.
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21. However, this picture is modified by two general areas 

for logical development of our existing reactors which will lead to 

advanced models. Improvements will result in lower unit energy 

costs and even small savings result in very large economic benefits 

due to the rapid rate of increase in nuclear-electric generating plant 

output. Also world competition, which is based on large-scale 

government research and development in an increasing number of 

countries or groups of countries, will demand falling costs.

22. The first area for development is capital cost reduction.

The construction of generating units of still higher power, combined 

with more engineering experience, will have a major effect. Another 

major reduction would be achieved by raising the net efficiency of 

generating stations from about 30 to 40 per cent or more. This 

programme will require a large effort by AECL in materials 

(including radiation effects) and heat transfer research and in fuel 

and fuel channel development. Prospects for success are very good, 

for our pressure tube design of reactor lends itself to such an 

approach. The sums of money involved in such an increase in 

efficiency are large. For Canadian requirements alone for nuclear 

generating stations in the 10-year period commencing in 1982, the 

expenditure at $l60/ekW (present dollar value) would be about $4 billion, 

and a 33 per cent increase in efficiency could be expected to save $300 

million or more.

23. The second area for development is in improved fuel 

utilization. Although our fuel costs are the lowest, our competitors 

are carrying out plans for fast breeder reactors, hoping to overtake 

and pass us. AECL must therefore carry out a programme to exploit
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fully all the advantages of the CANDU fuelling system, which is 

much more flexible than those in competing reactors.

This will entail:

(a) development of thorium as a fuel and its use in CANDU 

reactors to provide an alternative fuel and also reduce

(b) planning for, development and possibly construction of 

a rather complex chemical processing plant for 

irradiated uranium fuel, together with schemes for 

sale of the resulting plutonium or its re-use in Canadian 

reactors, to obtain the maximum economic return;

(c) development of techniques for evaluating and implementing 

the optimum (lowest cost) fuelling programme for a 

reactor depending on costs of uranium, thorium, plutonium 

and uranium-235, and prices obtainable for plutonium

and uranium-233.

24. In brief, development of our existing reactor lines will 

lead to advanced reactors of high power with much lower unit capital 

and energy costs than realized today. However, we have also stated 

that considering the world resources of uranium and thorium there

is no longer a barrier to the ever increasing use of energy. Moreover 

it is expected that, in the long run, nuclear reactions other than 

fission, in particular the electrical generation of neutrons, will contri

bute to lowering the cost of energy production and limit world demand 

to the more readily available resources of uranium and thorium.

25. Seeking to produce neutrons in higher intensity than 

available from any existing or projected nuclear reactors led to the 

proposal of the device that was called the Intense Neutron Generator
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(ING). This was envisaged as a machine for the electrical 

generation of neutrons, for ultimate incorporation in economic 

energy production. As well, selected isotopes produced by high 

intensity neutrons might be made in an ING facility to compete 

with production in very high flux reactors.
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STATUTORY FUNCTIONS AND POWERS

Atomic Energy of Canada Limited was incorporated in 

February 1952 under Part I of The Companies Act, 1934 (now The 

Canada Corporations Act) with all the rights and powers given by 

this Act and for the following purposes and objects :

"To exercise and perform on behalf of the Minister, 

as defined in the Atomic Energy Control Act, such 

of the powers conferred on the said Minister by sub

section (1) of section 10 of the said Act as the said 

Minister may from time to time direct. "

Subsection (1) of section 10 of the Atomic Energy Control 

Act reads as follows:

"10. (1) The Minister may,

(a) undertake or cause to be undertaken researches 

and investigations with respect to atomic energy;

(b) with the approval of the Governor in Council, 

utilize, cause to be utilized and prepare for the 

utilization of atomic energy;

(c) with the approval of the Governor in Council, 

acquire or cause to be acquired by purchase, lease, 

requisition or expropriation, prescribed substances 

and any mines, deposits or claims or prescribed 

substances and patent rights relating to atomic 

energy and any works or property for production

or preparation for production of, or for research 

or investigation with respect to, atomic energy; 

and
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(d) with the approval of the Governor in Council, 

license or otherwise make available or sell or 

otherwise dispose of discoveries, inventions and 

improvements in processes, apparatus or machines, 

and patent rights acquired under this Act and collect 

royalties and fees thereon and payments therefor. "

2. The member of the Privy Council designated by the Governor 

in Council as the Minister for the purposes of the Atomic Energy 

Control Act is the Minister of Energy, Mines and Resources, the 

Honourable J. J. Greene.

3. AECL functions in much the same way as any other 

company except that shares (excluding the qualifying shares of the 

Directors) are held by a Minister of the Crown in trust for Her Majesty, 

and that it may only act as an Agent of the Crown.
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ROLE AND OBJECTIVES

AECL is the federal government agency primarily 

responsible for research into atomic energy and its development 

for peaceful purposes. While it has broad responsibilities, these 

are not as extensive as those of national atomic energy organi

zations in several other countries. AECL is not involved in the 

mining and refining of uranium, nor has it any regulatory functions 

such as the issuance of licences and permits. These responsi

bilities are assigned to separate federal agencies--Eldorado 

Nuclear Limited and the Atomic Energy Control Board. Under 

Canadian conditions it seems most appropriate to have separate 

federal organizations carry out these different functions rather 

than to have a single national organization responsible for all phases 

of atomic energy.

2. AECL does not have significant programmes of R&D in a 

number of atomic energy areas, such as fusion, isotope separation, 

energy storage and thermionics, due mainly to limited resources 

and the policy of carefully selecting lines of endeavour that appear 

to be most pertinent to Canadian needs.

3. Most of AECL's effort is devoted to research and 

development related to improved and advanced nuclear power stations. 

In the Commercial Products group, the main endeavour is the develop

ment of commercial applications for radioactive isotopes and other 

sources of radiation.

In the performance of its role, AECL -

(a) operates laboratories for fundamental and applied

research and engineering development;
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(b) designs and builds nuclear power stations, in 

co-operation with industry and utilities, and offers to 

supply nuclear power stations in the international 

market;

(c) provides nuclear consulting services as required;

(d) enters into research and development contracts 

with industry and the universities in the field of nuclear 

energy;

(e) makes available its special facilities and expertise 

to

(i) assist industry and utilities in putting 

nuclear energy to practical use, and 

(ii) assist the universities in nuclear studies;

(f) produces and markets radioactive isotopes for use 

in medicine, industry, agriculture and research;

(g) designs, manufactures and markets equipment for 

radioisotope use.

4. Fundamental research has always been regarded as an 

essential part of AECL's role. Fundamental research does not range 

far and wide, but is selected mainly to exploit special equipment, 

such as research reactors and ion accelerators, and fields of work 

entailing ready access to radioactive materials and related to nuclear 

power development. AECL has found there is much to be gained 

from employing basic scientists at a major centre that is engaged 

primarily in applied R&D. The close association of fundamental and 

applied scientists promotes the interchange of ideas and expertise and 

increases the probability of new-found knowledge being brought to the 

attention of those in applied fields.

5. In the period immediately after the Second World War the
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Chalk River Nuclear Laboratories were essentially a fundamental 

research establishment and at that time there was no firm prospect 

of nuclear power. Uncontrolled fission in the form of a nuclear 

weapon had been established, but it was not known whether it would 

be possible to control fission to utilize the large energy release 

in a practical way that would be economically attractive. It was 

not until the early 1950s that the Chalk River scientists were able 

to foresee a potential way to design and develop a nuclear reactor 

for the economic generation of electric power.

6. It was recognized from the beginning that the ultimate 

responsibility for building and operating nuclear power stations on 

a commercial scale in Canada must rest with the electric utilities, 

which, of course, are not under federal jurisdiction. It was apparent 

that any nuclear power programme undertaken by AECL as an agency 

of the federal government must be carried out in close co-operation 

with the utilities. This led to the conclusion that AECL must be in

a position to assist the utilities in evaluating the economic importance 

of nuclear power in their respective systems.

7. In addition to aiming for an economic nuclear power system 

that would be an advance on those being developed by other countries, 

AECL should also develop a type of reactor which would best meet 

the requirements of those utilities that decided to embark on a nuclear 

power programme. AECL must be prepared to supply technical 

advice, experimental and testing services and other assistance in 

order to help the utilities build and incorporate nuclear power stations 

in their electricity grids.

8. It must be remembered that it is the function of the electric 

utilities across the country, whether publicly or privately owned, to
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provide the electric power their customers need at the lowest 

possible price. The customer is not interested in whether the 

power was generated from water, fossil fuels or from a nuclear 

reactor. It is up to the electric utilities to decide when they will 

incorporate nuclear power into their systems and it may be assumed 

that they will do so when they are satisfied that nuclear power has 

proved to be reliable, safe and at least as economical as any 

alternative source and with the potential for being more economical 

in the years ahead. The type of nuclear power station that is incor

porated is a decision for each electric utility.

9. It has also been clear that Canadian industry must be

assisted to play its proper role in the construction of nuclear power 

stations and the manufacture of components for these stations for the 

domestic and foreign market. This involves the building up in 

industry of the know-how of the new technology. Several different 

approaches are possible and the following have been practised for 

many years:

- AECL reports and papers are distributed to 

commercial firms that have expressed an 

interest in receiving them.

- Industrial firms are encouraged to send 

qualified scientists and engineers to work in 

AECL establishments so they can gain first

hand experience in the nuclear field.

- Research and development contracts are placed 

with a large number of commercial firms, through 

which the firms get training and know-how under
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the guidance of AECL staff who are involved 

and experienced in the work.

Finally, several hundred Canadian firms have 

been awarded contracts to fabricate or manu

facture materials and equipment of use in the 

atomic energy field.

By this concerted effort substantial and highly qualified industrial 

development groups have emerged which not only serve the atomic 

energy business but cannot but help to improve their companies' 

normal products both technically and economically.

10. Since AECL has the major nuclear energy research and

development facilities in Canada and a strong team of experienced 

personnel, it is natural that one of the responsibilities that has been 

assumed is the training of scientists, engineers and technical staff. 

Senior undergraduates, graduates and some university staff members 

are engaged for summer work at AECL establishments. During 

their stay they become familiar with the type of work we are doing, 

and we have the benefit of a closer association with the university 

community. At the same time our senior staff have the opportunity 

of observing potential new recruits. University faculty members 

often continue their own research programmes when they return to 

university, based on techniques or problems that they have learned 

during their stay with AECL. In the reverse direction, many university 

faculties include "alumni" of AECL. It is of interest to note that there 

are some 60 former AECL staff members now occupying university 

posts, and most of these are at the department head level. Several 

hundred highly qualified AECL staff have left to enter industry - 50 

have gone to Ontario Hydro alone. While they are missed, we believe
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that a turnover of this type is an essential part of AECL's role. We 

also encourage visits by groups at all levels from high school 

upwards, besides giving talks and lectures to many organizations 

and societies as part of a programme of general public education 

in atomic energy.

11. In the field of radioactive isotopes, AECL has the responsi

bility of supplying these to Canadian users. This is handled by the 

Commercial Products group of AECL on normal commercial lines.

Since the market in Canada is relatively small, Commercial Products 

has concentrated on building up an export market in order to handle 

larger volumes and thereby minimize costs. In this way radioisotopes 

are available to Canadian users at lower prices than would otherwise 

be the case. Commercial Products also found many years ago that 

the market for radioisotopes could be greatly expanded if at the same 

time special equipment were made available for using isotopes. They 

were not successful in persuading Canadian industry to do this, so 

they themselves undertook the design, development and manufacture 

of associated equipment. This has proved to be most successful.

They have supplied more than 600 cobalt therapy units to 48 countries 

and have recently installed the largest sterilization plant in Europe 

for medical products. They are currently marketing other equipment 

such as industrial irradiators that they have designed and manufactured. 

Last year their revenues were over $9 million, and 90 per cent of 

this was obtained from outside Canada. Isotopes have wide application 

in medicine, industry, agriculture, and as a research tool - and 

the future looks promising.
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STRUCTURE AND ORGANIZATION

The Board of Directors has the full responsibility for 

the operation of the Company. As required by The Companies Act, 

an annual Shareholders' Meeting is held for the usual purposes, 

including the appointment of Directors. The bylaws specify that the 

term of office of the Directors "shall be for two years from the 

meeting at which they were elected or appointed or until their 

successors are appointed. " As has been previously mentioned, the 

Minister is the major shareholder.

2. There are eleven Directors of AECL, but at the present

time there is one vacancy owing to the death earlier this year of 

D. M. Stephens, then Chairman of Manitoba Hydro. The present 

Directors are -

H. M. Partner, Clarkson, Gordon & Co. , 
Partner, Woods, Gordon & Co. , 
Montreal

G. E. Gathercole Chairman, Hydro Electric Power 
Commission of Ontario, Toronto

Claude Geoffrion Dean, Science Faculty, Laval 
University, Quebec City

D. A. Golden President, Air Industries
Association of Canada, Ottawa

J. L. o,.„ President, Atomic Energy of
Canada Limited, Ottawa

C. A. Grinyer Consulting Engineer, Caledon,
Ontario

J. C. Lessard President, Quebec Hydro-Electric 
Commission, Montreal

G. M. Shrum Co-Chairman, British Columbia 
Hydro and Power Authority,
Chairman, B. C. Energy Board, 
Chancellor, Simon Fraser University 
Vancouver
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H. G. Thode President and Vice-Chancellor,
McMaster University, Hamilton

F.C. Wallace Chairman of the Board, Canadian
Pittsburgh Industries Limited,
Duplate Canada Limited, Smith and 
Stone Limited, Plax Canada Limited, 
Toronto

It will be noted that the Directors bring to the Board a wide range 

of experience and background knowledge and that electric utilities, 

the universities and industry are all represented.

3. Meetings of the Board are held four or five times a year, 

with an Executive Committee consisting of D. A. Golden, J. L. Gray,

H. G. Thode and F. C. Wallace meeting every four to six weeks.

4. The Head Office of AECL is in Ottawa. The Company's 

main research and development centres are the Chalk River Nuclear 

Laboratories (CRNL) at Chalk River, Ontario, and the Whiteshell 

Nuclear Research Establishment (WNRE) at Pinawa, Manitoba. The 

Commercial Products group of AECL is located at South March, near 

Ottawa, with a laboratory building at Tunney's Pasture in Ottawa. The 

Power Projects group is at Sheridan Park, just west of Toronto, with 

a division at Peterborough, Ont.

5. The basic organization chart of AECL is shown in Table 5A.

It will be seen that the heads of the four AECL sites and those with 

corporate responsibilities report to the President. The organizations 

of Head Office and of the four sites are shown in Tables 5B, 5C, 5D,

5E and 5F, together with the numbers of employees working in the 

divisions shown in the organizational charts. The names of the branches 

that compose the organizational divisions are also shown, to give an 

indication of the type of work being performed by the divisions.

6. AECL considers itself to be a research and development
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organization, while fully recognizing that many of its employees are 

engaged in supporting activities which are not themselves research 

and development. These supporting services, whether they be admini

stration, design, marketing or general services, have an essential 

part to play and AECL, with its present programme and terms of 

reference, could not operate without them. The employees engaged 

on these activities are included in the tables. Because of the relatively 

isolated locations of CRNL and WNRE, AECL is also involved of 

necessity in activities such as hospital services, the renting of living 

accommodation and other domestic functions.

7. The number and distribution by organization and category

of AECL employees as of 1 August, 1968, were as follows:

Prof. Tech. Admin. Hr. Rate Totals

Head Office 19 60 - 79

CRNL 466 540 438 978 2422

CP 136 113 152 192 593

PP 242 427 167 - 836

WNRE 130 194 179 213 716

Totals 993 1274 996 1383 4646

8. In the headings of the tables, the expression "Admin. " is 

used to cover the Senate Committee definition "Other Supporting 

Personnel". "H. R. ", for "hourly rate", is used to cover the

Senate Committee definition "Workers". The figures include employees 

such as janitors and security guards; an indication of their numbers 

can be seen from the divisional breakdowns.

9. AECL Head Office is relatively small. AECL has decentra

lized as far as is possible, while retaining essential corporate control 

and control of policies and procedures that must be uniform throughout
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the Company. The Treasurer, the Director of Personnel and the 

Chief Public Relations Officer conduct centralized activities, recom

mend policy, give functional direction to the sites and co-ordinate 

activity in their respective fields. The Nuclear Power Marketing 

group is in the process of formation and is expected to reach its 

planned strength of about four or five professional staff in the course 

of one year.

10. The current organization of the Chalk River Nuclear 

Laboratories--Canada1 s original and largest nuclear centre--is 

outlined in Table 5C. There are three major units -- Research, 

Applied Research and Development and Plant Engineering. A number 

of senior personnel at Chalk River have been given company-wide 

responsibilities. For example, Dr. C.G. Stewart, in addition to 

being Director of the Medical Division at CRNL, is Chief Medica1 

Officer for AECL.

11. Commercial Products, with its organization shown in.

Table 5D, is administered as a separate entity within the Company 

framework and is different in this respect from the other three AECL 

sites. Greater freedom is given Commercial Products to follow 

normal commercial practices in its operations.

12. Power Projects is responsible for nuclear power system 

design, for providing services as a nuclear consulting engineer, for 

the development and testing of major equipment items for nuclear 

power stations, and for project management of certain nuclear power 

stations. Its organization is given in Table 5E. As of 1 July 1968, 

at the suggestion of Canadian General Electric Company, AECL took 

over responsibility for the direction and support of the CGE nuclear
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engineering group at Peterborough, Ontario. This competent team 

of about 220 persons remains at Peterborough but is now a division 

of Power Projects.

Although it is outside AECL's normal role, AECL was 

given the responsibility, on behalf of the federal government, for 

the management of the design and construction of the Nelson River 

Transmission Line and this is an additional responsibility of Power 

Projects.

WNRE, Table 5F, is a younger member of the AECL 

family. In the initial staffing of WNRE many senior personnel 

transferred from CRNL.
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ATOMIC ENERGY OF CANADA LIMITED

ORGANIZATION - AUGUST, 1968

MINISTER

TREASURER 
G.H. SPRAGUE

SECRETARY & 
GENERAL COUNSEL 
A.H.M. LAIDLAW

VICE-PRESIDENT 
ADMINISTRATION 

D. WATSON

GEN. MGR. 
NUCLEAR POWER 
MARKETING 
A.M. AIKIN

VICE-PRESIDENT
CRNL

L.R. HAYWOOD

MANAGING DIRECT01 
WNRE

A.J. MOORADIAN

VICE-PRESIDENT 
POWER PROJECTS 
J.S. FOSTER

COMMERCIAL PRODS.
VICE-PRESIDENT

R.F. ERRINGTON

VICE-PRESIDENT

W.B. LEWIS

SENIOR

SCIENCE

AECL 
BOARD OF 
DIRECTORS

J. L. GRAY
PRESIDENT
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ATOMIC ENERGY OF CANADA LIMITED 

HEAD OFFICE ORGANIZATION - AUGUST, 1968

VICE-PRES, 
ADMINISTRA 
D. WATSON

SECTY. AND 
GEN. COUNSEL 

A.H.M. LAIDLAW

GEN. MGR. 
NUCLEAR POWER 
MARKETING 
A.M, AIKIN

PRESIDENT 
J.L. GRAY

G.H. SPRAGUE
TREASURER

DISTRIBUTION OF HEAD OFFICE STAFF, BY GROUP & CATEGORY

Prof. Tech. Admin. HR TOT.
ADMINISTRATION

(Personnel, International 
Affairs, Public Relations, 
Translation Services)

13 12 25

FINANCE
(Cost & Audit, Gen. Accounting, 
Data Processing)

3 “ 45 48

OTHER 3 3 6

TOTAL 19 60 79
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ATOMIC ENERGY OF CANADA LIMITED 

CRNL ORGANIZATION - AUGUST, 1968

Physics 
G.C. Hanna

Materials

Gen'l. Services
D.G. Breckon

Plant Design 
R.D. Sage

SR.V.P.SCIENCE
W.B. LEWIS

& Reactor Phys,
Adv. Projects

GEN. MGR. 
PLANT ENGRG. 
R.F. WRIGHT

Operations
G.M. James

Biology & 
Health Physics 

A.M. Marko

DIRECTOR 
RESEARCH 

L.G. ELLIOTT

Maintenance 
_ & Construction 

F.V. Holland

E.C.W. Perryman
Fuels & Matls,

Administration
G.O. Baines

Finance
D. A. Bascombe

Applied 
Physics 

A.G. Ward

J.H. Collins
Projects
Special

VICE PRES.CRNL 
L.R. HAYWOOD

Gentilly 
Project 

D. J. Wallace

DIRECTOR 
APPLIED R & D 
D.G. HURST

Medical 
C.G. Stewart

Industry, Univ. 
& Ext. Reins. 
D.D. Stewart
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DISTRIBUTION OF CRNL STAFF, BY DIVISION & CATEGORY

Prof. Tech. Admin. HR
BIOLOGY & HEALTH PHYSICS 22 39 5 8

(Biology; Environmental Research;
Health Physics)

CHEMISTRY & MATERIALS 43 60 4
(Research Chemistry; General Chemistry;

Materials Science; Metal Physics)

PHYSICS 45 50 13
(General Physics; Neutron Physics;

Nuclear Physics; Theoretical Physics;
Math. & Computation)

APPLIED PHYSICS 31 32 6
(Accelerator Physics; Proton Beam;

Engineering Research)

ADV. PROJECTS & REACTOR PHYSICS 68 47 14
(Advance Engineering; Applied Mathematics ;

Nuclear Plant Engineering; Reactor 
Physics; Electronics; Control &
Instrumentation)

FUELS & MATERIALS 53 109 7
(Applied Materials Research; Chemical 

Engineering; Fuel Engineering; Fuel 
Materials; Metallurgical Engineering)

GENTILLY PROJECT MANAGEMENT (Montreal) 1-6

ADMINISTRATION
(Personnel; Public Relations;

Staff Development & Welfare; 
Technical Information)

FINANCE
(Accounting; Stores)

INDUSTRY UNIV. & EXTERNAL RELATIONS 
(Industry Relations; University & 

External Relations)

MEDICAL
(Deep River Hospital;

Plant Hospital; Medical Research)

19 2 138

2 34 20

3 - 2 -

4 41 10 12

OPERATIONS 76 26 18 153
(Chemical Operations; NRU Reactor ;

NRX Reactor; Reactor Loops ;
Reactor Technology)

PLANT DESIGN 43 89 16
(Civil & Mechanical Design;

Design & Technical Service;
Mechanical Equipment Development;
Process Systems)

Appendix 
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107

108

69

129

169

7

159

56

5

67

273

148
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Prof. Tech. Admin. HR TOT

GENERAL SERVICES
(Deep River Administration;

Protective Services; Purchasing; 
Radiation & Ind. Safety; Transport)

8 36 77 267 388

MAINTENANCE & CONSTRUCTION
(Electrical, Instrument & Power; 

Mechanical Services; Workshops 
Estimating & Planning)

26 4 69 518 617

SPECIAL PROJECTS
(Nuclear Materials Control)

5 4 13 - 22

OTHER 17 1 6 - 24

CRNL TOTAL 466 540 438 978 2422
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ATOMIC ENERGY OF CANADA LIMITED 

COMMERCIAL PRODUCTS ORGANIZATION - AUGUST, 1968

MANAGER 
PLANNING 

P.J. MCNALLY

VICE-PRESIDENT 
R.F. ERRINGTON

MANAGER 
ADMINISTRN. 

L.R. MACDONALD

DIRECTOR 
MARKETING 

C.H.HETHERINGTON

A.B. LILLIE

DIRECTOR
RESEARCH

MANAGER 
FINANCE 

H.A. MORRISON

DIRECTOR 
PRODN. & DEVEL. 

E.K. COLTAS

DISTRIBUTION OF STAFF BY DIVISION AND CATEGORY

RESEARCH
(Food Irradiation; Neutron

Applications; Energy Sources; 
Medical Application; Industrial 
Metrology; New Materials)

PRODUCTION & DEVELOPMENT
(Equipment Production; Isotope 

Production; Quality Control; 
Development)

MARKETING
(Medical Products ; Industrial 

Products ; Product Planning; 
Market Analysis; Sales 
Promotion; Installation & 
Service)

ADMINISTRATION
(Purchasing; Personnel; Radiation 

Hazards & Safety Control; 
Building Engineering; Public 
Relations; Library)

FINANCE
(General Accounting;

Budgets & Cost Accounting;
Order Processing; Stores 
& Materials)

PLANNING
(Management Services;

Data Processing)

OTHER

Prof. Tech. Admin. HR Total
29 28 8 65

55 77 28 151 311

37 6 29 72

7 2 35 24 68

2-31 17 50

3-18 - 21

3 - 3 - 6

CP TOTAL 136 113 152 192 593
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ATOMIC ENERGY OF CANADA LIMITED 

POWER PROJECTS ORGANIZATION - AUGUST, 1968

MGR.
ADMINISTRA 
B.P. SCULL

MGR.
CANDU-BLW DES. 
G.A. PON G. J. O'SULLIVAN

PETERBOROUGH

D.L.S. BATE
PROJ. ENG'G,

MGR.
NELSON RIVER 
G. MACGREGOR

MGR. 
DESIGN 

C.E. BEYNON
PROJ. SERV.
P.H.G.SPRAY

MGR.
DEVELOPMENT 
I.L. WILSON

D.W. SHUGART
FINANCE

VICE-PRESIDENT
J.S. FOSTER

DISTRIBUTION OF STAFF BY DIVISION

Prof. Tech. Admin. HR Total

DEVELOPMENT
(Physics & Analysis, Systems

Analysis; Reactor Physics
Safety, Shielding & Mechanics)

47 125 7 179

DESIGN
(Station Control; Reactor Design;

Process Control; Reactor
Processes; Fuel Handling Control;
Fuel Handling; Design Co-ordinator; 
Auxiliary Processes; Drawing
Office; Layout & Structures)

112 232 35 379

PROJECT ENGINEERING 6 10 3 19
(Pickering Project Engineer ;

Rajasthan Atomic Power Project 
Engineer; Douglas Point Project 
Engineer; Planning & Scheduling 
Engineer)
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Prof. Tech. Admin. HR Total

PROJECT SERVICES
(Reactor Components Contracts 

& Quality Control; Process
Systems Contracts; Instru
mentation Contracts & Project 
Estimates; Material Control 
& Contract Administration)

16 11 27 54

CANDU-BLW DESIGN
(Mechanical Drafting; Systems;

Control, Instrumentation & 
Electrical; Structures &
Services)

40 36 18 94

NELSON RIVER TRANSMISSION FACILITIES 
(Nelson River Project)

3 - 2 - 5

PETERBOROUGH* 2 - - - 2

ADMINISTRATION
(Standards & Publications

Branch; Purchasing Agent;
Public Relations; Personnel;
Plant Engineering; Library)

8 13 63 84

FINANCE 1 - 8 - 9

OTHER 7 - 4 - 11
— — — — —

PP TOTAL 242 427 167 - 836

These figures do not include CGE personnel attached to Power 
Projects, Peterborough Office. Figures for these personnel 
shown in Appendix 10, Table 10A.

\
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ATOMIC ENERGY OF CANADA LIMITED 

WNRE ORGANIZATION - AUGUST 1968

ENGINEERING

D.R. TEGART
SERVICES ADMINISTRATION 

R.M. SMITH

MANAGING 
DIRECTOR 

A.J. MOORADIAN

RESEARCH & 
DEVELOPMENT 

R.F.S. ROBERTSON
MEDICAL 

J.L. WEEKS

FINANCE

DISTRIBUTION OF WNRE STAFF, BY DIVISION & CATEGORY

Prof. Tech. Admin. HR Total

RESEARCH & DEVELOPMENT
(Reactor Core Technology;

Material Sciences; Chemical 
Technology; Assessment,
Comput. & Instrumentation)

54 112 10 176

ENGINEERING SERVICES
(Operations; Maintenance ;

Design & Project Engineering;
Reactor Technology)

54 44 46 171 315

ADMINISTRATION
(Finance; Purchasing; Pinawa; Personnel; 

Technical Information; Stores ;
Public Relations; Protective 
Services)

6 113 33 152

MEDICAL (Health & Safety) 15 38 9 9 71

OTHER 1 - 1 _ 2
— — — — —

WNRE TOTAL 130 194 179 213 716
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AECL'S RELATIONS WITH OTHER ORGANIZATIONS

With other federal agencies

In carrying out its responsibilities and functions 

AECL needs to have close relations with several other federal 

agencies.

2. AECL scientists keep in touch with their opposite 

numbers working in allied fields in the Department of National 

Health and Welfare, the National Research Council,

the Department of Agriculture, the Defence Research Board 

and the Department of Energy, Mines and Resources. Because 

no scientist knowingly undertakes a line of research identical to 

that already being pursued by some other scientist, except for 

very good reasons, there is less duplication than one might expect 

from a study of organizational inter-ties. However, from time to 

time a special and independent review of a field is worthwhile.

At present AECL believes (and has so recommended) that such a 

review is desirable in the field of radiobiology, so that the various 

government departments and agencies working in this area may be 

satisfied that their present and proposed programmes fit reasonably 

into an over -all programme.

3. As would be expected, AECL has a close working relation

ship with the Atomic Energy Control Board, a sister organization 

reporting to the same Minister. The AECB would be the first to 

acknowledge the value of technical advice and experience obtained 

from AECL working scientists and engineers in assisting the Board

in its licensing and regulatory functions. The President of AECL is 

a member of the Control Board and AECL staff are members of 

certain AECB Advisory Committees.
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4. In Canada health and safety matters are normally 

the responsibility of provincial authorities. However, in the 

field of atomic energy matters generally the governing legisla

tion is the Atomic Energy Control Act, and the regulations 

thereunder are administered by the AECB. The Board, while 

providing licence and regulatory authority for all nuclear 

installations in Canada, regards AECL as responsible for the 

maintenance of proper health and safety conditions in all 

operations at AECL sites. The limits applied by AECL are 

within those set out in the Atomic Energy Control Regulations.

5. AECL and the Department of Industry have a common 

objective of getting Canadian industry better equipped and better 

qualified in new technologies. AECL has an additional selfish 

motive for wanting Canadian industry to excel in building com

ponents for nuclear power stations: the success of the Canadian 

nuclear power programme depends as much on the quality and 

timely delivery of equipment produced as it does on the concepts 

and basic technology developed by AECL.

6. In the field of patents AECL has engaged Canadian 

Patents and Development Limited to handle most of its patent 

work. CPDL reviews inventions, searches existing patents, 

and files patent applications for AECL when appropriate. They 

also exploit issued patents and know-how, except in the areas of 

nuclear power and radioisotopes.

7. There are close relationships between AECL and

the Department of External Affairs, since AECL has many over

seas interests. Some of the subjects involved are the negotiation
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of government-to-government agreements relating to the 

peaceful uses of atomic energy, liaison with the many govern

ments that have an interest in atomic energy, the activities of 

the International Atomic Energy Agency and other international 

organizations such as EURATOM and the European Nuclear 

Energy agency, questions regarding international safeguards, and 

other matters that affect AECL such as the Non-proliferation 

Treaty. It should be mentioned that Canada is represented on the 

Board of Governors of the International Atomic Energy Agency in 

the capacity of being one of the five nations '.'most advanced in the 

technology of atomic energy, including the production of source 

materials," and this allows Canada to take a much higher place in 

a world forum than is normal for a country of her size.

8. In the field of overseas marketing the Department

of Trade and Commerce and the Export Credit Insurance Corporation 

are able to provide services that assist AECL and Canada. Mention 

should be made of AECL's relations with the Department of Finance, 

the Treasury Board and the Auditor General, whose advice is 

frequently sought and is highly regarded.

With industry

9. Over many years AECL has encouraged and fostered 

participation by Canadian industry in Canada's nuclear programme.

To help in maintaining and expanding AECL's relationships not 

only with industry but with universities as well, there is a division 

of AECL set up to handle, co-ordinate and maximize these relation-

10. The most direct means of assisting industry is 

AECL R&D contracts, which in 1967-68 totalled approximately

$6 million and involved some 40 companies. An additional $7. 2 

million was spent in the private area on various professional and 

consulting services.
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11. High priority is given by AECL to development 

work contracted with industry, since this has proved to be

one of the most effective ways of qualifying Canadian companies 

to supply services, materials and equipment that will meet the 

stringent demand of the nuclear environment and of preparing 

them to meet the requirements of the expanding nuclear power 

programme.

12. One of the most successful programmes has been 

the development support given to two Canadian companies 

which are now established as highly qualified and commercially 

competitive nuclear fuel manufacturers and suppliers.

13. Another example of AECL development support

is an existing contract aimed at the commercial production of 

zirconium alloy pressure tubes in Canada. By 1973 the estimated 

requirements for such tubes are valued at $2. 6 million per annum, 

made from ingots valued at $1. 5 million.

14. Companies of all sizes are encouraged to participate 

and to initiate work in advanced technologies. Such work provides 

industry personnel with valuable training and experience and 

establishes a base for future commercial exploitation. Companies 

interested in specific projects of a co-operative nature are encouraged 

to send staff to AECL establishments for extended periods. Many 

have done thjs and, on the average, there are 35 such attached staff 

with AECL on a continuing basis.

15. As regards the design of a nuclear part of a nuclear 

power station, AECL has assumed the responsibility of ensuring 

that there is a capability in Canada to meet the needs of the electric
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utilities. Over the years several different approaches have 

been taken, and the present system has evolved by experience. 

For one nuclear reactor a consulting engineer was engaged, 

for another nuclear reactor a manufacturer /designer was 

given prime responsibility and, based on first-hand experience 

gained from these arrangements coupled with the position taken 

by the client, the electric utilities, AECL itself assumed 

responsibility for the design of the nuclear portion of nuclear 

power stations. However, AECL has attempted to utilize as 

much engineering assistance from commercial consultants as 

is practicable, bearing in mind that AECL has to be responsible 

for the complete system. In the case of the design of the 

250, 000 kilowatt prototype nuclear power station AECL is 

building for incorporation into the electricity grid of Hydro - 

Quebec, the distribution of the design engineers engaged on 

the project is of interest:

At AECL Sheridan Park At Consultant Office

AECL 30 Consultant 55

Hydro -Quebec 9 Hydro -Quebec 2

Consultant li

60 57

It will be seen that of the 117 design engineers only one -quarter 

are AECL staff.

16. Ten years or so ago AECL assisted the Canadian

General Electric Company in setting up an atomic energy depart

ment, and several senior AECL staff transferred to CGE to 

form the core of the new organization. In subsequent years the 

team grew in size and competence and became highly qualified.
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Unfortunately, in spite of CGE efforts, this organization 

was unable to maintain a viable operation and in the spring 

of 1968 CGE informed AECL that they were not prepared 

to carry on and suggested that a merger with AECL would 

be in the best interests of CGE, AECL and Canada. A 

formal contract between CGE and AECL was entered into 

on 1 July 1968 by which the CGE design team became a 

division of AECL Power Projects. The agreement is for 

a term of five years, with an appropriate termination clause.

17. It has been emphasized to Canadian utilities, 

manufacturers and consultants on many occasions that it is 

not AECL1 s intention to stay permanently in the nuclear power 

station field. It is necessary, however, for the demand for 

work to expand considerably before a change is made and two 

separate design teams can anticipate a promising future. It 

must be remembered that the competition abroad is from huge 

organizations such as General Electric and Westinghouse in 

the United States, the United Kingdom Atomic Energy Authority 

in Britain and Siemens in Germany.

18. Another influencing factor is the rapidly increasing 

size of individual nuclear power stations. Where at one time 

it was expected the power demand would be satisfied by small 

nuclear stations, supplied by several organizations, the

demand now is for fewer but larger units. Even the United Kingdom 

found it could not maintain three commercial consortia, which 

faced alternating feast and famine conditions, so a major consolidation 

and reorganization is now taking place.
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With educational institutions

19. As a matter of policy AECL does not make awards 

or issue grants in aid of university research. In the atomic 

energy field such grants are administered by the AECB and by 

NRC. AECL, however, does support research in universities 

under research contracts, the distinction being that the work 

done under a research contract is something that AECL needs

to have done for its programme. Arrangements are worked out 

for the mutual benefit and satisfaction of both parties. Usually 

AECL makes inquiries of university faculty members known to 

have expertise in fields of interest to AECL. The formal 

contract is with the university on an annual basis, subject to 

extension depending upon the success of the programme and 

availability of funds. Usually the work extends over three to 

five years. The volume and value of these contracts have grown 

stëadily to the present annual amount of about $750, 000. Some 

20 different universities in all parts of Canada are involved.

20. Close ties with universities are also maintained 

through personal contacts and a two-way flow of staff for 

lectures, seminars and discussions. During the summer months 

it is normal to have more than 100 graduates and undergraduates 

working at AECL establishments. A number of professors also 

spend the summer months making use of specialized AECL facilities 

for research projects. Their observations on AECL research 

programmes are also valued. AECL is proud that some 60 former 

AECL staff members are now occupying university positions in 

Canada and that many of these are department heads.
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21. For many years university use of AECL's 

unique facilities was arranged on an informal ad hoc basis.

By 1967, however, the utilization and interest on the part 

of the universities had increased sufficiently to suggest that 

the programme be given more formal status. An Experiments 

Advisory Committee was formed, consisting of four AECL 

staff and four university staff, to assist in the co-ordination 

and supervision of experimental programmes carried out

by university staff at the Chalk River Nuclear Laboratories.

With atomic energy programmes outside Canada

22. In the conduct of her atomic energy programme 

Canada has developed international associations which have 

spanned a quarter century in time and have embraced all 

continents. Perhaps no other area of scientific activity has 

given rise to such extensive collaborations and certainly 

few, if any, have provided the same degree of international 

recognition.

23. It is quite natural that importance be attached to 

co-operative programmes, for Canada's atomic energy 

activities were initiated through collaborative ventures of 

British and French scientists who with Canadian colleagues 

laid the foundation for Canada's atomic energy programme.

24. Today some 50 countries have operating nuclear 

reactors of one type or another. AECL has direct contacts

with many of these countries and is linked with most of the others 

through various international organizations. In this way fruitful
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exchanges of information and practical co-operation are 

possible. AECL's scientific reports are sent to more than 

250 libraries in 44 countries and it receives over 12, 000 

technical reports from other organizations each year. It 

iâ normal to have scientists and engineers from a dozen 

different countries attached to AECL for training or 

collaborative programmes. AECL staff attend many technical 

meetings and visit a large number of atomic energy organizations 

in other countries each year.

25. The International Atomic Energy Agency has

for many years been an important focus and AECL regularly 

has representation on its study groups and advisory panels.

26. AECL Directors and senior staff hold annual 

review meetings with their opposite numbers of the United 

Kingdom Atomic Energy Authority, the United States Atomic 

Energy Commission and the French Commissariat a l'Energie 

Atomique, to review their respective nuclear power pro

grammes and to discuss desirable areas of collaboration.

27. Special mention should be made of the close 

relationships that have been established with the Department 

of Atomic Energy in India. Canada built, under the Colombo 

Plan, an updated version of the Chalk River NRX reactor 

known as CIRUS, near Bombay, which has been successfully 

operating since 1960. A nuclear power station with a pair of 

200,000 kilowatt reactors similar to that of the Douglas Point 

station in Ontario is now under construction in India with ECIC
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financing. Full detailed design was provided by AECL 

under a government -to -government agreement, with the 

object of helping India become as self-sufficient as possible 

in nuclear power technology. Indian manufacturers are being 

trained and are being used to the maximum extent possible 

so that the "technology gap" can be reduced. AECL Power 

Projects is acting as the consulting engineer for the nuclear 

portion of this station, and Montreal Engineering Company 

has been engaged by the Indians as the engineering consultant 

for the conventional portion.

28. AECL1 s Senior Vice-President Science,

Dr. W. B. Lewis, has for many years been a member of 

the Scientific Advisory Committee of the Secretary General 

of the United Nations and is also a member of the Scientific 

Advisory Committee of the International Atomic Energy Agency.

29. AECL has several agreements for co-operation 

with other atomic energy organizations abroad, such as those 

of the USA and the USSR, and a number of other commercial 

agreements. For a number of years both the USAEC and the 

UKAEA have made extensive use, on a rental basis, of the 

NRX and NRU reactors.

30. AECL maintains one overseas liaison officer;

he is attached to the United Kingdom Atomic Energy Authority.
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General

Many AECL employees are active members of panels 

and committees of local, national and international organizations.

At CRNL, for example, more than 100 employees annually 

contribute approximately 2,070 man-days to these commitments. 

There are 56 employees who devote about 760 man-days to inter

national organizations involved in scientific and technical matters 

(OECD, IAEA etc.). Another 40 contribute some 650 man-days to 

similar organizations in Canada. About the same number give 

about 660 man-days of time to the betterment of education and the 

maintenance of professional standards.

32. In addition to the above, AECL frequently assigns

professional staff to international organizations for extended periods 

of time. This amounts on the average to about 300 man-days per 

year.

Appendix 6



Science Policy 745

ORGANIZATIONAL POLICIES 

It has already been mentioned that AECL is decentralized. 

Responsibility is given to site heads to operate their establishments 

within Company policies and procedures and under the direction of 

the President. When a new policy or procedure is desirable, it is 

discussed by any site affected and Head Office before a directive 

is issued. In this way, all concerned have warning and Head Office 

has the benefit of prior comments from those who have to 

administer the new policy or procedure.

2. Each site has its own supporting services such as personnel, 

finance and workshops. Liaison between sites is on a daily basis. 

Scientists and engineers are expected to consult not only within 

their own site, but with other AECL sites as well. There are 

several inter-site committees set up to allow sharing of experience 

and discussion of common problems. The senior committee, 

known as the Senior Management Committee, is chaired by the 

President and meets monthly.

3. At each site, the staff is usually organized into divisions 

which contain 30 to 70 professionals. At CRNL and WNRE they 

are usually formed of staff of the same discipline and fields of 

interest rather than as specific project teams.

4. Every effort is made to avoid the creation of water-tight 

compartments. Staff are encouraged to become knowledgeable of 

developments in fields other than their own. They are encouraged 

to express their thoughts and they receive a good hearing. On the 

other hand, they are expected to follow direction; most of AECL's 

work involves teamwork and someone has to be in charge. In this 

sense, AECL is more similar to an industrial laboratory than to
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a university.

5. There are several processes whereby AECL's operational 

effectiveness, duties and goals are reviewed and revised and these 

are done in parallel and on a continuing basis. Senior management 

and working scientists and engineers are constantly aware of the 

need to review progress to ensure that the work being performed 

is the most useful and effective.

6. Quarterly progress reports written by staff of all divisions 

describe in depth the accomplishments of the preceding three-month 

period. This forces thé individual scientist to review his work and 

enables division heads and senior management to follow and evaluate 

individual programmes.

7. The annual budget preparation and submission also provides 

for a critical review of expenditures related to programme 

effectiveness,

8. Each completed phase of a research and development project 

is written up as an AECL report or as a journal publication which

is then open to critical review by experts in the field.

9. Senior management personally make first-hand reviews of 

programmes under their direction on a continuing basis.

10. In some broad areas involving inter-related work there are 

formal review committees. As an example, there is the Power 

Reactor Development Programme Evaluation Committee chaired 

by the Senior Vice-President, Science, which reviews in detail 

the existing programme and proposals for extensions or additions 

relating to power reactor technology.

11. AECL staff make presentations at many national and inter

national conferences at which time the effectiveness of the work or
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programme is open to outside criticism.

12. AECL's co-operative development programmes, 

particularly with the US Atomic Energy Commission and the UK 

Atomic Energy Authority, result in frequent reviews of the 

individual programmes and their effectiveness. At the same time, 

essential short-term goals and objectives are reviewed and 

confirmed.

13. In some fields computer programmes can be used as 

powerful tools for measuring costs and savings. This is 

particularly true in the development of reactor components and in 

the design of reactor systems. Computer programmes have been 

developed to assess what changes in capital costs or unit energy 

costs would result from specific development objectives. These 

provide a measurement of success achieved and point to projects 

worth further development.

14. Inherent in AECL's organization is great flexibility for 

change; the emphasis on projects can be altered quickly and 

efficiently as necessary.

15. Outside studies of AECL organization commissioned during 

the past five years have been a survey of the functions of AECL 

Head Office in relation to AECL sites and a study of the 

organization of Commercial Products.

16. AECL's activities and programmes are all within the 

powers and responsibilities assigned to AECL, but as has been 

mentioned previously, AECL is not engaged in several activities 

that could be covered by its powers. AECL has not attempted to 

embark on research and development in the whole field of atomic 

energy, but has concentrated on specific areas that are either
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judged to be of economic importance in the near future or are in 

areas of fundamental research in which AECL has built up 

competence and expertise.

17. The major hindrance to the performance of AECL's 

functions is the problem of obtaining the financial support needed

to carry promising projects through the expensive but critical stage 

of prototype development. The nuclear power stations that are now 

committed or are on the planning boards--in Canada and elsewhere-- 

are so big and require so much capital that the utilities are reluctant, 

understandably, to adopt major system changes developed in the 

laboratories unless the gains can be firmly established. The 

utilities want proof of the economic and technical advantages of 

advanced nuclear systems before committing themselves to the heavy 

investments involved in new designs; only in prototypes can proof be 

obtained.

18. In another instance, nuclear fuel reprocessing appears to 

be a promising new major industry, but adequate pilot plant develop

ment and construction has to be carried out before industry can be 

expected to invest in a full-scale reprocessing plant. Working through 

the prototype stage would cost a million dollars or more but the potential 

business is likely to be in the region of $15-$20 million per annum 

within a couple of decades.

19. No major changes in organizational functions during the 

next five years can be forecast at the present time. Howevei, major 

organizational changes have taken place within AECL every few years 

so a future change would not be unexpected.
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PERSONNEL POLICIES

The steps taken to identify and hire those members of 

university graduating classes who will be the most effective 

research workers in AECL depend to some extent on whether the 

research worker will be engaged in science or in engineering. In 

science, AECL hires mainly at or after the Ph. D. level at which 

time the scientist will already have achieved some reputation in 

the field in which he is interested and have firm ideas on the type 

and areas of work in which he wishes to be employed. On the 

other hand, for engineering the majority of research workers are 

engaged at the master or bachelor level.

2. As shown in Table 10H Appendix 10, not all new employees 

are new graduates. Apart from other considerations, the hiring of 

replacements who have had experience elsewhere is revitalizing and 

prevents "in-growth".

3. Professional staff from graduating classes come to the 

attention of AECL by having been summer students, by having 

worked on AECL research contracts, by having used AECL 

facilities, by having their professors refer them to AECL, or by 

contact during annual AECL recruiting tours to universities. 

University visits are advertised and graduating students in 

disciplines of interest to AECL are interviewed. If a candidate 

appears to be well qualified on paper and the interviewer feels he 

has good potential, the appropriate faculty members are asked for 

their opinion of him and his suitability for the designated position.

If the response is favourable, he is considered along with other 

qualified applicants before being given a firm offer of employment.
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Contact is made by mail with Canadian post graduate students 

working in Britain and the U. S. and AECL depends on NRC records 

to supply their academic qualifications. AECL follows up with 

interviews and solicits references from the faculty members under 

whom the post graduates are working.

4. The greater the extent of post graduate research 

experience, the more reliance is placed on references from 

university faculty members. At the undergraduate level, academic 

performance and personal interviews are the primary factors of 

the assessment.

5. There has not been any research initiated to develop 

criteria to help identify those who will become creative and 

effective research workers. It is questionable whether any 

standards that would be effective and reliable could be established- 

Strong reliance must be placed on personal judgment backed by 

references both formal and informal. Initial appointments are 

carefully reviewed and must be approved by site committees or 

AECL Boards which are representative of diverse interests.

6. The best assessments of a research worker are those 

provided by his peers--working scientists in his own field. An 

early test of potential, often applied soon after recruitment, is to 

require a research worker to formulate a considered written 

programme of work covering his activities for the next two to five 

years. This also has the merit of helping a new research man 

become an effective member of a research team.

7. Annually, each individual research worker is reviewed 

in detail within his own division for his accomplishments, ability 

and potential. These merit reviews are conducted next at the
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AECL site level and finally by a company-wide AECL Board. Over 

the years this system has been very successful in identifying good 

research workers. Basic criteria for judgments are quality and 

value of work done, individual drive, initiative and the ability to 

communicate. It has been found that persons with the qualities of 

leadership needed to direct research programmes emerge through 

their acceptance of responsibilities and are not difficult to identify 

quite early in their careers.

8. In AECL no distinction is made in value between 

administrative and technical capability and responsibility. A 

scientist does not have to accept administrative responsibilities in 

order to receive promotion. Individual research workers may 

advance through grades to a salary of over $20, 000 per annum 

without having to accept administrative responsibilities.

On the other hand, it is normal for research and 

development scientists and engineers who have not only the 

capability of doing individual work, but have the personal qualities 

to be research directors, to be appointed to senior management 

positions at the division head level or higher tha,t involve 

administrative duties as well as scientific direction.

9. A continuing effort is made to have supporting teams 

perform as many administrative functions as possible so as to 

allow scientific division heads the maximum time to operate in 

their fields of technical competence. The majority of senior AECL 

staff who are engaged in straight administrative work received 

their early training as scientists or engineers and this enables 

them better to appreciate the needs of the research workers and 

provide support with greater understanding.
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10. AECL has several procedures to encourage the further 

education of staff members. Regular seminars, lectures and 

less frequent intramural courses are given. AECL provides 

financial assistance toward job related courses and has a programme 

of assistance for professional employees to help them return to 

university to obtain higher degrees. For those already at the post 

doctoral level, special " summer schools" to learn new techniques 

and developments are of special interest and AECL is prepared to 

encourage attendance. From time to time, arrangements are made 

for a research scientist to work at another laboratory, usually 

abroad, to gain wider experience and learn new techniques.

11. Perhaps the most valuable education for research 

directors is through communication with others in different 

laboratories throughout the world. Owing to AECL's international 

commitments and connections, such staff often travel widely and 

are able to benefit in this manner without any formal policy.

12. It might be mentioned that a large percentage of the AECL 

professionals directly engaged in R&D have engineering degrees.

At Chalk River the figure is 40 per cent.
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DISTRIBUTION OF ACTIVITIES

AECL has four operating establishments, three of which 

are in Ontario and the fourth in Manitoba. There is also a small 

office in Montreal to handle the administration of the nuclear 

power station AECL is building near Gentilly in the province of 

Quebec and one in Winnipeg for management of the Nelson River 

transmission line project.

2. The location of the Chalk River Nuclear Laboratories 

was chosen during the Second World War to meet the requirements 

of an isolated area (for security reasons), an abundant power and 

water supply, and reasonable access to Ottawa.

3. Commercial Products was already in Ottawa as part of 

Eldorado Mining and Refining Limited (now Eldorado Nuclear Limited) 

when taken over after the incorporation of AECL. The location was 

convenient to a supply of skilled labour, transportation facilities and 

other federal research and development organizations such as NRC, 

Department of National Health and Welfare and what was then the 

Mines Branch. The Chalk River Nuclear Laboratories from which 

Commercial Products obtained supplies of radioactive materials were 

not too far away.

4. When Power Projects was established, it was decided that 

the primary requirement was to have close access to major engineering 

and manufacturing firms since considerable liaison would be required 

in the design and development of materials, equipment and components 

for nuclear power stations. The Toronto area was chosen in preference 

to other major industrial centres because of Ontario Hydro's greater
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expression of interest in nuclear power than those of other Canadian 

electric utilities. AECL had invited all Canadian electric utilities 

to propose an arrangement for collaborative construction of the 

first nuclear power station in Canada. Ontario Hydro's offer, which 

included provision of a site and supply of the conventional part of the 

nuclear power station, was the best received.

5. AECL considered that a research and development centre 

such as Chalk River would be most effective if it were limited in

size to about 2,500 employees. Rather than have Chalk River gradually 

expand to a greater size, it was decided that a new establishment 

should be formed and allowed to grow. After a review of federal 

government research and development organizations across the country, 

AECL decided that for the general well being of science and technology 

in Canada, a location in the province of Manitoba would be desirable.

The actual location at Pinawa was worked out between the federal and 

Manitoba governments.

6. For nuclear research establishments there are certain 

requirements such as a relatively large area for a safety exclusion 

zone, large quantities of cooling water for research reactors, good 

communications for liaison with industry, universities and other 

research establishments and proximity to industrial areas to provide 

labour, engineering and construction support, materials and supplies 

and other services.

7. The success of a research establishment depends very 

largely on the ability to obtain and retain first-rate professional staff 

possessing enthusiasm and motivation. If it does not exist already, 

the proper environment must be created in order to attract such
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people. Besides a suitable working environment, they require in 

the neighbourhood good schools for their children, hospital and 

medical facilities and adequate housing. Without the provision of 

these environmental conditions, AECL could not have maintained 

CRNL and WNRE as high quality research establishments.

8. AECL has not been involved in programmes to assist in 

the investigation of regional problems or phenomena. AECL1 s 

development of nuclear power reactors and of the application of 

radioisotopes is to meet the requirements of all regions of Canada 

although some regions will have greater and earlier need than others. 

Since nuclear power stations need not be sited near supplies of fuel, 

they can be placed in close proximity to areas of electricity demand.

In due course, this should help the avoidance of too great a concen

tration of industrial activity.

9. AECL1 s Chalk River Nuclear Laboratories and Whiteshell 

Nuclear Research Establishment have made a marked contribution to 

the development of the regions surrounding them. Many people from 

neighbouring communities have been employed in the construction 

and operation of the buildings and facilities and the salaries and wages 

of AECL employees have clearly had significant effect on the local 

communities. Craftsmen and technicians have learned new skills and 

apprentices have been trained. Engineering firms and supply sources 

have obtained new business. The presence of WNRE in Western 

Canada has had a noticeable effect on AECL's contacts with western 

universities and in enabling western firms to obtain a fuller share of 

the business arising from AECL's activities.

10. AECL's decentralization has not resulted in any apparent 

loss of efficiency. On the other hand, several benefits have accrued
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such as the acquisition of skilled and semi-skilled workers from 

different regions in Canada, closer proximity to a wider range of 

industry and consultants, and the maintenance of better liaison with 

engineering and scientific staff throughout Canada.
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PERSONNEL STATISTICS

The present number of employees in AECL divisions is 

given in Appendix 5. The personnel establishments and strengths 

of AECL sites as of 1 August 1968 are given in Table 10A.

2. Those in AECL who have management and senior admini

strative responsibilities have professional backgrounds and are 

listed as professional staff. The number of professionals who are 

primarily engaged in administrative and management duties are -

Head Office - 19
CRNL - 32
CP - 16
PP - 10
WNRE - 7

3. In the research divisions it is common practice to have a 

professional reporting to the division director in a staff capacity to 

handle administrative matters of the division such as personnel, 

purchasing, budget preparation and control thereby allowing the 

division director to concentrate on the technical direction of his 

programme.

4. Data on the educational backgrounds of AECL professional 

staff and other personal history statistics are given in Tables 10B to 

10E. Other personnel statistics are given in Tables 10F to 10H. In 

Tables 10B to 10H data on only those professionals who are primarily 

associated with scientific activities have been recorded since these 

are considered to be more relevant.

5. The percentage of professionals able to operate effectively 

in Canada's two official languages is not high at any AECL site. For 

many years AECL has attempted to recruit francophone professionals, 

but with little success, one obvious reason being the scarcity of
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French-speaking scientists. There is also a reluctance to work in 

Ontario and Manitoba. Our efforts are continuing. The English- 

speaking professionals unfortunately rarely find a need or opportunity 

to converse in French in the course of their work. Most are able 

to understand technical papers written in French. It is a fact that 

a majority of the world literature in atomic energy is written in 

English, and English is the normal language used in international 

technical discussions even in continental Europe. As a result, no 

one can expect to reach a senior position in international atomic 

energy circles without being proficient in both written and spoken 

English. This is recognized by those who have other mother tongues 

and they therefore practice English whenever they can.

6. The experience and background of AECL professional staff 

are quite varied. Table 10H shows that a high percentage have worked 

in industry since graduation.

7. Financial assistance is provided by AECL to professionals 

who wish to return to university to obtain a higher degree. The 

number of employees receiving such assistance at any one time is 

limited to 10. Those who avail themselves of this opportunity receive 

a monthly allowance and travel costs rather than full pay. In August 

1968 the following numbers were on leave under this programme:

Bachelor Master Total

CRNL 3 2 5

CP - 1 1

pp 1 1 2

WNRE 1 _1

9

8. A similar programme has been introduced this year for

non-professional employees by which they will have the opportunity
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of improving their educational qualifications through full-time 

attendance at technological institutes or universities. Several 

applications for assistance under this new procedure are being 

processed.

9. Employees who receive allowances from AECL while 

attending full-time courses are expected to return to AECL on the 

completion of their studies.

10. Occasionally a member of staff goes to work at a uni

versity on an individual research project, but this is not considered 

to be educational leave.

11. The numbers of university students given summer employ

ment in scientific activities by AECL in 1962-67 were:

CRNL CP PP WNRE TOTAL

196Z 85 2 4 3 94

1963 78 - 5 3 86

1964 94 8 6 9 117

1965 96 8 6 14 124

1966 99 6 7 24 136

1967 95 6 8 28 137

AECL also supports the co-operative training programmes 

of the University of Waterloo and the University of Sherbrooke. These 

programmes offer work-terms of four months in industry, alternating 

with four-month periods of study at the university.

12. Employees of AECL have come under the Industrial Relations

and Disputes Investigation Act since 1952, when AECL was incorporated. 

Nearly all of the hourly rate workers and a substantial proportion of the 

technical and supporting staff are represented by unions and are under 

collective agreements. Some 20 different local unions are currently 

recognized as bargaining agents for specific groupings of AECL employees
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and there is at least one union at each AECL site other than Head 

Office. No AECL professional staff are unionized, but societies of 

professional employees have been formed at CRNL and at WNRE and 

they make informal representations to management from time to time.

13. Salary scales for all non-unionized staff are reviewed 

annually and adjusted as appropriate to ensure that they are competitive. 

All adjustments are announced before changes become effective--in 

other words there is no back-dating of salary scale increases. In 

determining adjustments to the professional scales, the primary 

criteria are the salaries paid to scientists and engineers by the major 

Canadian industries and Canadian universities and the salaries paid

to those doing comparable work in other federal government agencies.

14. Merit increases for most AECL professional staff are 

determined by site management within a "merit package" allotted to 

each site each year based on the composition of the professional 

employees at the site.
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CURRENT PERSONNEL ESTABLISHMENT AND STRENGTH BY SITE

Strength Figures as of August 1, 1968

PROFESSIONAL TECHNICAL ADMINISTRATIVE HOURLY RATE TCXT AL
EST. STRENGTH EST. STRENGTH EST. STRENGTH EST. STRENGTH EST. STRENGTH

CRNL 500 466 555 540 402 438 1006 978 2463 2422
Attached Staff 67
Post-Doctorate 10

Fellows

CP 165 136 147 113 163 152 215 192 690 593
Attached Staff -
Post-Doctorate -

Fellows

PP 330 242 456 427 194 167 980 836
Attached Staff 44
Post-Doctorate -

Fellows
CGE Employees 93 100 27

WNRE 173 130 245 194 201 179 267 213 886 716
Attached Staff 7
Post-Doctorate 4

Fellows

TOTAL* 1168 974 1403 1274 960 936 1488 1383 5019 4567

Totals do not include Attached Staff, Post-Doctorate 
Fellows, and CGE employees
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AECL PROFESSIONAL STAFF BY COUNTRY OF BIRTH, COUNTRY WHERE SECONDARY
EDUCATION WAS TAKEN;

I

AND COUNTRY IN WHICH
II

UNIVERSITY DEGREE TAKEN
III

Country and 
Degree 
Category

Country of Birth
Country in which 

Secondary Education 
is taken

Country in which 
University Degree 

is taken
CRNL WNRE CP PP CRNL WNRE CP PP CRNL WNRE CP PP

CANADA
1)Bachelor 159 59 21 28 171 63 21 29 304 87 32 57
2) Masters 44 10 6 21 47 8 6 23 106 19 6 22
3) Ph.D 76 11 2 2 81 11 2 3 53 13 1 3

U.K.
1)Bachelor 76 11 6 17 72 10 6 17 135 32 10 19
2)Masters 12 7 1 1 14 9 1 1 27 13 4 5
3) Ph.D 46 17 3 - 46 17 3 0 59 17 3 -

U.S.A.
1)Bachelor 5 - 3 - 2 - 3 7 5 1 3
2)Masters 1 - - 1 - - - 9 5 3 4
3) Ph.D 2 4 - - 4 - 19 8 1 1

INDIA
1)Bachelor - - 1 2 - - 1 2 4 5 1 2
2)Masters 2 - - 3 2 - - 2 4 2 1 -
3) Ph.D 4 5 1 4 5 1 - 2 0 1

IRELAND

1)Bachelor 6 _ 5
2)Masters - - - - - - - - - - - -
3) Ph.D ~ - - - - - - - - - -

AUSTRALIA
1)Bachelor - - - 2 - - 2 1 _ 1 2
2) Masters 1 - - - 1 - - - - - - -
3) Ph. D 2 - - “ 2 - - - 2 - - "

GERMANY

1)Bachelor _ 1 _ 1 _ _ _ 1 2 _

2)Masters - - - - - - - - 1 - - -
3) Ph.D 3 - “ - 2 “ “ 2 - - ~

Notes : 1. Columns I and II list staff by highest degree held (e.g. a
Ph.D is not recorded under Bachelor as well) .

2. Column III includes all degrees held (e.g. a Ph.D would also 
have recorded the country in which his Bachelor degree was

Some 51 employees were born in countries other than those listed above, 38 employees 
received their secondary education elsewhere, and 29 university degrees were awarded 
elsewhere. These 34 other countries are Argentina, Austria, British West Indies, Burma, 
Ceylon, China, Czechoslovakia, Denmark, Egypt, France, Greece, Hungary, Indonesia, Italy, 
Japan, Kenya, Korea, Lithuania, Malaysia, Morocco, Netherlands, New Zealand, Nigeria, 
Norway, Pakistan, Poland, Romania, Russia, South Africa, Sweden, Switzerland, Tanganyika, 
Trinidad, Yugoslavia.
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation With the Number of Years Employed by AECL

I. CRNL - (a) Bachelors

Y

r
s

w
O

k

d

S
i

G

d

t

40 1

39

38 1

37 1

36 1 1

35

34 1

33 1 1 1 1 1 1 1

32

31 1 2

30 1 1

29 1 2

28 1 1 1

27 1 1 2 1 1

26 1 1 1 1

25 3 1 1 1 1 1 1

24 1 1 1 1

23 1 1 1 1

22 1 1 1 2 2

21 1 1 1 1

20 2 2 1 2 2

19 1 1 1 1 1 1 1 2 2 1 1 2

18 1 1 1 1 1 2 1 1 5 3 1 1

17 1 4 2 2 2 2 4 1 2 2 1 1

16 1 1 2 2 1 2 1 2

15 1 1 1 1 1 1 1

14 1 2 1 1

13 1 1 1

12 4 1 1 1 3

11 1 1 1 1 4

10 1 1 1 4 2 1

9 1 2 1 1 1 1

8 3 2 4 1

7 i 2 A
6 1 3 1 1 1

1

5 2 1 1 3 2

4 2 2 1

3 2 2 6

2 2 5

1 14
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Years Employed By AECL

Appendix 10
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the formation of AECL with the government agencies from which AECL grew .



764 Special Committee

AECL Professional Staff Comparing the Number of Working Years 
Since Graduation With the Number of Years Employed by AECL

I. CRNL - (b) Master

13 1410 11 12 15 16

Years Employed By AECL
Appendix 10
Table 10C cont.



Science Policy 765

AECL Professional Staff Comparing the Number of Working Years 
Since Graduation With the Number of Years Employed by AECL

I. CRNL - (c) Ph.D.

w
O

k

d

S
i

G

d

t

Years Employed By AECL
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation With the Number of Years Employed by AECL

II. Commercial Products - (a) Bachelor

Appendix 10 
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation With the Number of Years Employed by AECL

II. Commercial Products - (b) Master

27 28 29 30

29101—6
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29

28

27

26

25

24

23

22
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19
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16

15

14
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9

8
7

6
5

4

3

2
1
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation With the Number of Years Employed by AECL

II. Commercial Products - (c) Ph.D.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Years Employed By AECL
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation With the Number of Years Employed by AECL

III. Power Projects - (a) Bachelor

40

39

38

37

36

35

34

33

Y 32

e 31
*

30

s 29

28

w
27

26

r 25 1 1

e 24
d 23

22 1

21 2

i 20 1 1 1
n 19 1 1 1 1

e 18 1 1 1 1 l

17 1 1 1, l

16 1 2 1
G 15 1

a 14
d 13 1 1

a 12 1 1
t 11 1 1 1 1 1 2

o 10 2 1 3
n 9 2 1

8 1

7 1

6 1

5 1

4 1 1 1

3 2 1

2 1

1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Y e r s E m P 1 o Y e d B y A E C L
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation With the Number of Years Employed by AECL

III. Power Projects - (b) Masters

Years Employed By AECL
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation with the Number of Years Employed by AECL

III. Power Projects - (c) Ph.D.
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation with the Number of Years Employed by AECL

IV. WNRE - (a) Bachelor

40 1
39
38
37
36
35
34
33

Y 32
e 31 1

30
s 29

28 1 1

w
27
26

r 25 1£ 24
d 23

22 1 1
21 1 1

* 20 1
n 19 1 1 1
p 18 1 1 1 1 1 1

17 1 1 1
16 1 1 1 1

G 15 1 1
* 14 1 2
d 13 1 1

12 1 1
t 11 1 1
0 10 2 1
n 9 i 2 1

8 1 1 1
7 1 1
6 ? 1
5 1 3
4 1 1
3 1 1 ?
2 2 1
1 8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Y e a r s E m P 1 y e d B Ÿ A E C L
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation with the Number of Years Employed by AECL

IV. WNRE - (b) Masters

Years Employed By AECL
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AECL Professional Staff Comparing the Number of Working Years 
Since Graduation with the Number of Years Employed by AECL

IV. WNRE - (c) Ph.D.

1

1

1

1
1

1 1 1

1 1

1

1

2 1

1

1 1

1

2 1

1

3 5

7
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AVERAGE AGE OF AECL PROFESSIONAL STAFF BY HIGHEST DEGREE

Bachelor Master Ph.D

CRNL 37 32 40

WNRE 36 30 34

CP 35 38 39

PP 37 36 37

Table 10D

PERCENTAGE OF AECL PROFESSIONAL STAFF ABLE TO OPERATE
EFFECTIVELY IN CANADA'S TWO OFFICIAL LANGUAGES

Bachelor Master Ph.D

CRNL 4.7% 4.5% 6.4%

WNRE 5.3% 11.7% 5.2%

CP 17.0% 5.0% 14.0%

PP 3.4%
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YEAR

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

Special Committee

NUMBER OF AECL PROFESSIONAL STAFF IN EACH DEGREE CATEGORY 1962-68 
WITH PROJECTIONS FOR 1969-1973

BACHELOR MASTER PH. D

CRNL WNRE CP PP CRNL WNRE CP PP CRNL WNRE CP PP

257 18 6 56 54 1 2 10 103 4 3 2

246 41 6 61 55 3 2 15 100 9 3 2

247 50 13 49 50 4 2 20 134 13 3 2

260 57 25 40 52 8 5 20 118 20 4 2

240 60 24 59 58 13 6 33 117 25 5 4

242 69 26 55 60 16 8 32 133 33 6 4

259 75 32 59 67 17 10 29 140 38 7 4

282 83 33 60 71 21 11 30 146 54 9 4

279 98 35 60 71 24 12 31 146 63 11 5

284 104 37 60 72 26 13 31 148 67 14 5

287 112 37 60 72 28 13 31 148 72 14 5

287 119 37 60 73 30 13 31 148 76 14 5
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PERCENTAGE TURNOVER OF AECL PROFESSIONAL STAFF IN EACH DEGREE CATEGORY 1962-67

YEAR BACHELOR MASTER PH. D

CRNL WNRE CP PP CRNL WNRE CP PP CRNL WNRE CP PP

1962 9.3 - 27.0 9.0 3.7 - - 2.0 4.9 - - -

1963 5.6 - - 10.0 16.3 - - 2.0- 3.0 - - -

1964 5.6 5.6 11.0 4.0 6.0 - - 1.0 5.9 - 6.0 -

1965 8.4 6.5 6.0 6.0 7.6 - - 2.0 10.1 - - -

1966 6.6 11.7 - 2.0 8.6 - - 1.0 7.7 3.8 - -

1967 4.9 6.7 4.0 2.0 3.3 5.8 - 1.0 4.5 2.9 - -

Table 10G

WORKING EXPERIENCE OF AECL PROFESSIONAL STAFF

Percentages of staff who have had outside experience before joining AECL

CRNL WNRE CP PP

(i) With Industry 44.1% 35.3% 63% 68.5%

(2) With a University 18.9% 10% 20% 4.3%

(3) With a Provincial 
Dept, or Agency

2.8% 4.6% 5% 6.5%

(4) With Other Federal 
Agencies

30. 3% 23% 52% 5.4%
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EXPENDITURES

Tables 11A to 11C show AECL's expenditures over the 

period 1945 to 1968 and the estimates for the year 1968-69. Not 

included are development expenditures charged to Commercial 

Products costs. Table 1 IB shows net operating expenditures and 

Table 11C shows capital and non-fundable expenditures.

2. The operating and capital funds spent by AECL are shown 

in greater detail in Table 1 ID for the fiscal years 1963-64 to 

1967-68 inclusive with estimates for 1968-69.

3. The operating and capital funds spent over this period by 

the major units at AECL sites are shown in Table 11E.

4. The expenditures associated with scientific activities over 

the same period are shown in Table 1 IF. These tables, 1 ID to 1 IF, 

include the development expenditures charged to Commercial 

Products costs.

5. Under the headings of "Functions" and the category 

"Intramural R & D" are included all the funds spent by AECL 

except those for the other functions listed. The sums indicated 

cover far more than the actual costs of research and development 

within AECL. They include major purchases of equipment that 

has been designed, developed and manufactured in industry under 

a purchase order for the supply of the end product. The figures 

also include payment for professional and consulting services, for 

materials and supplies and other non-atomic energy items such as 

deficits on operating hospitals and payment of grants in lieu of 

municipal taxes. AECL does not know of a generally accepted 

method of determining the costs of what could properly be called
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AECL "Intramural Research and Development".

6. As regards the financial support given to professional

staff towards higher education, the figures are as follows:

Cost of Education Leave to take Higher Degrees 

Fiscal Year Nos. Assisted Total Cost

1962- 63
1963- 64
1964- 65
1965- 66
1966- 67
1967- 68
1968- 69

0
1
1
2
9
9

12

$ 0 
1,350 
2,025 
7,825 

25,580 
35,970 
48,510

Payments for Credit Courses at Local Universities

Fiscal Year Nos. Assisted Total Cost

1962- 63 - $ -
1963- 64
1964- 65
1965- 66
1966- 67 3 118
1967- 68 9 788
1968- 69 14 1,362

Combining these, the totals become -

Fiscal Year

1962- 63
1963- 64
1964- 65
1965- 66
1966- 67
1967- 68
1968- 69

Total Funds

$ 0 
1,350 
2,025 
7,825 

25,698 
36,758 
49,872

7. Payments for support to those who have spent "sabbatical"

periods at universities or laboratories in Canada or overseas have 

not been included.
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ATOMIC ENERGY OF CANADA LIMITED 
NET OPERATING AND CAPITAL NON - FUNDABLE EXPENDITURE 
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ATOMIC ENERGY OF CANADA LIMITED APPENDIX 11
HDOPERATING AND CAPITAL FUNDS EXPENDED BY UNITS

($000's Omitted)
1963-64 1964-65 1965-66 1966-67 1967-68 1968-69

Chalk River Nuclear Laboratories
Science

Physics 2,923 4,542 3,856 2,727 2,734 3,407
Biology and Health Physics 801 821 878 1,014 1,136 1,257
Chemistry and Materials 1,284 1,203 1,315 1,583 1,768 1,899

Applied Research and Development
Applied Physics 1,737 1,769 2,020 3,060 2,500 2,526
Advanced Projects & Reactor Physics 4,466 4,518 4,726 5,588 5,467 6,341
Fuels and Materials 4,436 4,412 5,397 6,117 5,916 6,030

Plant Engineering
Plant Design and Engineering 784 869 1,016 1,270 1,890 2,155
Operation of Research Facilities 3,595 5,083 4,885 5,381 5,669 6,063
Other Plant Services 5,940 6,387 6,818 7,179 8,416 8,451

Administration
Administration, Finance & Medical Services 4,719 5,213 5,585 5,439 5,663 6,477
Less revenues (2,133) (3,034) (2,977) (2,884) (2,816) (2,450)

Total - CRNL 28,552 31.783 33,519 36,474 38,343 42,156
Whiteshell Nuclear Research Establishment

Research & Development 1,002 2,425 3,050 4,087 6,221 6,263
Engineering Services 7,558 8,225 4,146 3,679 5,564 4,604
Medical 610 750 881 811 940 1,296
Administration & Finance 3,209 3,551 3,667 5,843 4,062 5,414
Less revenues (103) (352) (537) (652) (820) (934)

Total - WNRE 12,276 14,599 11,207 13,768 15,967 16,643
Power Projects

Research & Development 1,480 1,967 3,860 2,369 3,235- 3,447
Design Services 1,482 1,754 3,919 6,354 8,318 8,480
Prototype Nuclear Stations 1,229 1,461 1,556 613 4,065 820
Project Supporting Services 248 230 560 910 1,276 1,378
Administration & Finance 326 493 1,153 3,560 3,059 3,150
Less revenues (7) (208) (2,374) (3,927) (7,117) (9,836)

Total - Power Projects 4,758 5,697 8,674 9,879 12,836 7,439
Commercial Products

Research & Development 612 892 1,394 1,838 2,538 3,132
Head Office

Administration & Finance 91 100 143 628 742 1,262
TOTAL - AECL 46,289 53,071 54,937 62,587 70,426 70,632

*4
00
CO
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ATOMIC ENERGY OF CANADA LIMITED APPENDIX 11 
TABLE HE

OPERATING AND CAPITAL FUNDS EXPENDED

For the Fiscal Years 1963-64 to 1967-68 Inclusive 
and Estimates for 1968-69

($0001s Omitted)

Source of Funds

Parliamentary appropriation 
Retained earnings 
Commercial operations R & D

TOTAL

Expenditures

Operating funds 
Capital funds

TOTAL

Expenditures by Sites

Chalk River Nuclear Laboratories 
Whiteshell Nuclear Research Establishment 
Power Projects - Sheridan Park 
Commercial Products - Ottawa 
Head Office - Ottawa

1963-64 1964-65 1965-66 1966-67 1967-68 1968-69

44,924 45,158 52,666 57,983 66,500 68,600
753 7,021 1,277 3,612 3,004 1,000
612 892 994 992 922 1,032

46,289 53,071 54,937 62,587 70,426 70,632

32,070
14,219

35,744
17,327

40,683
14,254

48,682
13,905

57,805
12,621

59,452
11,180

46,289 53,071 54,937 62,587 70,426 70,632

28,552 31,783 33,519 36,474 38,343 42,156
12,276 14,599 11,207 13,768 15,967 16,643
4,758 5,697 8,674 9,879 12,836 7,439

612 892 1,394 1,838 2,538 3,132
91 100 143 628 742 1,262

46,289 53,071 54,937 62,587 70,426 70,632TOTAL
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ATOMIC ENERGY OF CANADA LIMITED

EXPENDITURES ASSOCIATED WITH SCIENTIFIC ACTIVITIES
($000's Omitted)

APPENDIX 11 
TABLE 11F

1963-64 1964-65 1965-66 1966-67 1967-68 1968-69

Functions
Intramural R & D (see App.ll, para.5) 40,787 47,053 47,865 53,475 61,781 60,920
Data Collection 305 310 345 556 584 627
Scientific Information 601 842 953 1,291 1,513 2,365
Contracted R & D in Industry 4,496 4,732 5,593 6,792 5,839 5,876
Contracted R & D in Universities 99 132 173 447 672 794
Support of Higher Education 1 2 8 26 37 50

Total 46,289 53,071 54,937 62,587 70,426 70,632

Scientific Discipline
Engineering and Technology
Natural Sciences

37,788 41,821 41,990 49,308 56,869 55,691

Biological Sciences 1,725 2,300 2,686 2,662 3,031 3,196
Chemistry 2,577 3,592 4,171 4,868 4,677 5,334
Physics 4,199 5,358 6,090 5,749 5,849 6,411

Total 46,289 53,071 54,937 62,587 70,426 70,632

Areas of Application
Nuclear Energy 46,289 53,071 54,937 62,587 70,426 70,632

tn
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RESEARCH POLICIES

Other federal agencies do not play a significant role in 

initiating individual AECL projects though there is considerable 

liaison at the scientific worker level.

2. The key to the choice of pertinent research projects is 

and will undoubtedly remain competent scientific and technical 

judgment. Formalized computer-based schemes can sort data 

and have a definite place as an aid in decision making, but their 

use is limited and technical directors must recognize and 

resist the temptation of allowing a computer to make the final 

decision.

3. A project that will solve several problems is more apt

to be chosen than a narrowly oriented one. For example, the first 

development of a new zirconium alloy was for its use in one type 

of nuclear reactor, but the real spur for its development is its 

potential use in advanced reactors.

4. Projects are proposed from all levels. The relative 

value of the completed project, the competence of the staff available, 

and the enthusiasm that the project arouses all play a part in the 

decision making process.

5. In the fundamental research field a new proposal usually 

starts with a scientist at the working level and discussion follows 

with his branch head and division director. Approval is given on 

the merits of the proposal and at the appropriate level of financial 

authority. Major projects, particularly those involving capital 

construction, require detailed planning in advance and inclusion as 

specific items in annual estimates. Funds for small projects are
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provided from the general operating budget and changes in detail 

can be made at short notice. In this way, vitality is maintained 

and administrative delays are kept to a minimum.

6. The majority of AECL's effort is on applied research and 

development projects associated with the economics and imple

mentation of nuclear power programmes. After successful 

initial stages, the situation becomes more complex. As soon as

a new idea has been developed to where an economic assessment 

of its impact and benefit for nuclear power reactors can be made, 

it is carefully evaluated. If the conclusions are favorable, work 

will continue and this often leads to in-reactor experiments. If 

these prove satisfactory, a more detailed economic assessment 

will follow. This detailed assessment must give due regard to the 

availability of manpower, equipment and funds and usually there 

must also be some meshing with related problems and projects 

before the project is undertaken.

7. Another type of project in the nuclear power field arises 

from the operation of existing nuclear reactors. Experience may 

point out operating problems and improvements that require the 

initiation of development projects.

8. A third type of applied project arises from requirements 

to supply specific data and test results on components of nuclear 

reactors that are under construction. Examples in this category 

are confirmation of lattice designs, fuel development and testing, 

and the development of control mechanisms and systems.

9. It will be seen that since most of AECL1 s projects are 

mission oriented, general priorities will be self-evident to the
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professional staff working on them. In an overall nuclear power 

programme, most projects are not independent of each other, but 

interlock. This sets their relative time scales. Priorities are 

expressed by completion dates for phases of the project and, in 

many cases, must be closely scheduled to ensure that the required 

in-reactor irradiation facility is available at the right time and for 

the length of time required to meet completion dates. This chain 

of events often extends over a number of years.

10. In addition to timing, priorities are expressed and 

implemented by periodic reference to the economic benefit expected 

to be achieved, the likelihood of success before key application 

dates, and the effort required for achievement.

11. Network methods are in common use in AECL, 

particularly for engineering type projects involving the construction 

of complicated and extensive facilities where they play a vital role. 

These methods are used to control the engineering development, 

design and construction of nuclear power stations as well as for 

major components e. g. , for the Gentilly nuclear power station now 

under construction and for the development, design and 

construction of its fuel channels and fuelling machine.

12. Network methods are also qssential for commissioning 

new nuclear reactors and have proved invaluable for maintaining, 

repairing and making improvements to operating nuclear reactors. 

These methods are being used in the conversion that is now under 

way of the NPD nuclear reactor from pressurized to boiling heavy 

water coolant. Maintenance operations on the NRX and NRU 

reactors which inevitably involve changes in major experimental
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equipment are examples of routine usage.

13. Many of AECL's development projects require contributions 

from a number of separate teams and also the construction of large 

and complex experimental equipment. Critical path networks have 

proved to be very valuable in these projects. A continuing example 

would be the construction and operation of engineering test loops. 

Current examples are the design, construction and commissioning 

of an experimental plant for evaluating a hydrogen-amine exchange 

process for heavy water production; and the development, design 

and construction of prototype quadrupole magnets of a new type.

14. For more basic projects, the principles of network 

methods are applied, but because of the nature of the input, the output 

is less definitive.

15. As regards contracting out projects in support of intra

mural programmes, it has been pointed out earlier that all work 

contracted out by AECL is in support of AECL projects. Reference 

has already been made to the research contracts placed in 

Canadian universities. Typical examples during the 1967 period

High Energy Fragmentation physics McGill

Separation of Hydrogen 
Isotopes chemistry Ottawa

Creep in Zirconium metallurgy UBC

Hydrogen Exchange Studies chemical
eng.

Alberta

R. F. Systems elect, eng. Manitoba and 
Ecole
Polytechnique

Flows in Rod Bundles mech. eng. Windsor
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Douglas Point
Effluent Studies pollution Toronto

Irradiation of
Meats, Fruits isotope Laval

utilization

Isotope utilization is the fastest growing sector of AECL research 

contracts placed with universities.

16. Applied research may also be contracted to industrial 

firms, for example, the development for production of large 

lithium drifted germanium diodes at RCA Victor and at the Ontario 

Research Foundation.

17. In engineering development, projects and phases of 

projects have been contracted out to Canadian industry, as a 

matter of policy, whenever AECL's special facilities are not 

required to do the work, when a company has some special 

expertise, when the company is interested in building up a 

development program as a long range policy or when a product 

is likely to develop soon. For continuing development contracts 

the company's effort must be of a sufficient size to be viable. In 

1967-68 about 40 companies received 106 contracts.

18. For many years the largest sector has been fuel 

development at CGE and Canadian Westinghouse. The next largest 

sector would be mechanical development of reactor components

- fuel channels, fuelling machines, instrumentation and materials. 

Another important sector would be mechanical engineering 

development in heat transfer and fluid flow. The contractors 

currently receiving the most work are CGE, Canadian 

Westinghouse, Orenda, Bristol Aerospace, Eldorado Nuclear 

Limited, and Dilworth, Secord, Meagher and Associates.
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19. The contracting out of all phases of prototype 

construction jobs (including design) which have a high content 

of advanced nuclear technology is also a policy of AECL,

as this is probably the best way of training industry and 

building up capability in atomic energy. Examples during the 

past five years are in- and out-reactor engineering test loops,

NPD fuelling machines and NPD conversion to boiling coolant.

WR-1 reactor was also handled in this way but with these larger 

installations, the contractor would also carry out his own 

development programmes.

20. The construction of very large prototype power 

reactors such as at Douglas Point and Gentilly is handled differently 

as these require effort from a number of groups. Here AECL 

Power Projects provide the core of the design and development 

teams and overall project supervision. The Gentilly station is

a current example of one scheme where a substantial fraction 

of detailed design and component development has been assigned 

to Canadian industry and consultants. Companies undertaking 

phases of the project are listed below.

Canadian Westinghouse
Company Limited Heat-transfer and fluid-

flow studies; fuel-channel 
and fuel design and develop-

Appendix 12



792 Special Committee

Canadian General Electric 
Company Analytical studies; fuel-channel 

and fuel design and development.

Dil worth, Secord, Meagher 
and Associates Limited Analytical studies; fuel handling 

system design and development; 
shut-off rod design and development.

Orenda Engines Limited Booster-rod design; fuel channel 
design and development.

Dominion Bridge Company 
Limited Development of welding 

procedures for calandria vessel.

LaSalle Hydraulic
Laboratory Limited Hydraulic model tests of 

moderator system.

The Shawinigan
Engineering Company

Limited Analytical studies; moderator 
system design.

DCF Systems Limited Analytical studies.

Computing Services Limited Computer services.

Electronic Systems
Engineering Limited Computer application to control 

systems

Surveyer, Nenninger &t 
Chênevert Incorporated 
with Montreal Engineering

Co. Ltd. All conventional design 
engineering.

Hydro Quebec Construction at site.

21. In the case of university contracts, the annual

expenditures per contract usually range from a few thousand
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dollars up to $26, 000. For industrial contracts AECL has found 

the most efficient method is to spend a minimum of $100, 000 per 

year and preferably $200, 000 with one company on one type of 

work. It is only in this way that a really live and productive 

team can be developed in the contractor's establishment. To the 

extent that budget limitations allow, there are advantages in having 

more than one contractor involved, particularly if a production 

run of components is the desired end.

22. For both research contracts with universities and with 

industry the funding is provided from the budgets of the AECL 

divisions requiring the work to be done, and the divisions are also 

responsible for technical supervision of the contracts.

23. In the arranging of a university contract, an outline of 

the work to be undertaken is agreed upon between the AECL 

supervisor and the university faculty member concerned. The 

estimates of the costs of direct salaries, materials and supplies, 

equipment, travel and clerical support are agreed. To ensure 

that there is no conflict with grants in aid of research provided 

by the National Research Council, the AECL proposal for a 

research contract is sent to NRC for review and comment. The 

formal contract is entered into between AECL and the university.

24. The distinctions between AECL contracts and the grants 

in aid of research of other federal agencies are that AECL 

requires an answer to a problem in a finite time, a member of 

AECL staff works closely with the university researcher and 

AECL retains ownership of the results of the work including 

any patents that arise.

25. R&D contracts with industry are handled by purchase
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orders and NRC is not consulted. Costs are based on hourly 

rates per man to cover salaries and fringe benefits, on materials, 

supplies and equipment and on overhead. AECL retains ownership 

of all work done, but the company carrying out the contract has 

the right to use any designs, drawings, patents or know-how for 

its own purposes. AECL retains the right at its discretion to 

give the results to any other firm.

26. While the level of industrial development contracts from 

any AECL division may vary widely over the course of time, AECL 

attempts to smooth out the overall financial effect of its contracts 

on firms that have a large fraction of their staff working on AECL 

projects.

27. It will be seen that as extramural work from AECL is 

always some part of an internal project, the financing and the 

results are treated in the same way. We believe these arrange

ments result in the maximum effectiveness in the rate of learning 

and of reaching results at a reasonable price and within a 

reasonable time scale without giving any outside organization a 

monopoly position. These methods are in accordance with the 

AECL policy of fostering the maximum growth of atomic energy 

research and technology.

28. The continual review and planning processes which have 

already been described allow priorities to be determined and, 

based on these, available resources have to be distributed by 

senior management. The review processes are also designed to 

eliminate as much as possible any sudden need to terminate a 

project which has already advanced beyond the initial study stages.
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In AECL, professional staff often have interests and 

responsibilities in several projects at once and this allows for 

the shifting of effort quickly. On occasion a major project has to 

be terminated either because of lack of funding or because an 

alternative project has been assessed as having higher priority.

The professional staff involved are kept fully informed of the 

decision making process and once they recognize the need for a 

switch, they are the first to want to move swiftly to the new 

project.

29. When there are several independent projects, as is the 

case within Commercial Products, the decision making process 

is different from that in the nuclear power field, where applied 

research and development projects are all aimed at improving 

nuclear power stations.

30. The shifting of research resources in funadamental long 

term projects tends to be done more slowly. Here changes are 

made by increasing or decreasing expenditures on major items

of equipment and facilities, and also by moving staff with interests 

in the new project to strengthen the group working on it. The use 

of visiting experts, post doctoral fellows and attached staff 

facilitates the launching of a new project.

31. If an entirely new project is to be started, the major 

difficulty is to attract the one or two key research workers 

required to make a beginning.

32. With AECL's method of research contracts with 

universities and industry, there is no difficulty in terminating
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a project within a reasonable period and of switching to a new 

project if this is considered desirable.

33. The efficient transfer of research results to industry

is extremely difficult and presents a continuing challenge. While 

AECL can work well on a co-operative basis with industrial teams 

having long experience in nuclear technology, with other firms 

the AECL technical expert is often cast in the role of an 

unappreciated teacher who insists on advanced technological 

standards not normal in commercial practice.

34. AECL1 s output of scientific and technical publications is 

reported on in Appendix 13. Much of the work is available

in the open literature. Reports on work considered to have 

commercial value is classified as "AECL Proprietary" but these 

are made available routinely to interested Canadian firms provided 

they agree not to transfer them to other organizations, including 

parent or affiliated firms in other countries. To act independently 

on the information contained in these reports, a firm must have 

some background knowledge of the subject and also workshop know- 

how. As has been mentioned, one of the best ways of acquiring 

this is to attach engineering staff to an AECL establishment. At 

present there are 23 such attached staff at CRNL, 10 at Power 

Projects and four at WNRE. Transfers of research results to 

Ontario Hydro and Hydro-Quebec are in a different category since 

AECL has major co-operative projects with these utilities. They 

have a large number of engineers attached to AECL. Many are 

specialists in fields unfamiliar to AECL and others are attached 

primarily for training purposes.

Appendix 12



Science Policy 797

35. AECL has found it most useful to organize 

conferences and meetings where Canadian industry, other 

government agencies and universities can be informed of and 

comment on the Company's plans. AECL has held, for example, 

12 symposia on atomic power which have been attended by a wide 

cross-section of Canadian industry.

36. Government agencies and university staff have ready 

access to AECL reports and lists of these reports are widely 

available. The latest information flows freely between 

specialists if there is common interest or a collaborative 

programme.

37. Asa general principle, it is recognized that research 

results are most efficiently trnsferred by people rather than by 

documents. The interest raised by a discussion can be followed 

by the reading of reports.

38. As regards contracted extramural results, they are 

treated by AECL in the same way as results obtained from 

intramural research. Interim technical memoranda are required 

by AECL as the work progresses to avoid the delays of formal 

documentation. Formal progress reports are submitted 

periodically and a final report is required on the completion of 

the work.
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RESEARCH OUTPUT

AECL files patent applications in Canada and in a 

number of foreign countries on an average of over 20 new in

ventions per year. In addition to patents arising from its own 

work, it owns the Canadian rights to several hundred Canadian 

patents arising from early U. K. -U. S. -Canada collaboration.

Current agreements for collaboration with the U. S. Atomic Energy 

Commission involve reciprocal patent rights on inventions relat

ed to heavy water nuclear reactors.

2. The two most important areas for exploitation are 

inventions related to nuclear power reactors and those related to 

the application of isotopes. Up to the present, AECL has made 

available to Canadian industry, on a royalty free basis, rights to use 

AECL patents in the nuclear power field, and no formal licencing 

has been necessary. The reasons for this policy are that AECL has 

been the main customer for work done using the inventions, and 

because any U. S. competitor to a Canadian firm could obtain a royalty 

free licence from the USA EC. It is USAEC policy to make available 

to U. S. industry licences on a royalty free basis.

3. In commercial arrangements with other countries on 

nuclear reactor design and know-how, AECL patents have been included 

as part of the contract terms. The value of the patents themselves

is considered to be of less importance than that of AECL know-how.

No revenue figures can therefore be given on the patents taken out 

by AECL in the nuclear power field. However the UKAEA paid AECL 

$750,000 for AECL patents and know-how to balance an exchange of 

information in both directions.
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4. Patents have, of course, a hidden value in that they 

prevent others obtaining patents and then requiring payment for 

the use of them by AECL and Canadian industry. If a patent is

of marginal value, the invention is often published instead, thereby 

preventing the issuance of a patent by another organization.

5. In the area of isotope application, the patents obtained 

by Commercial Products are exploited by CP itself through the 

manufacture and sale of products or by commercial licencing 

agreements to manufacture a product rather than the licencing of 

a patent itself.

Thus, conventional licencing by AECL through Canadian 

Patents and Development Limited is only considered for patents 

relating to a small part of AECL's activities, generally in the 

instrumentation field. Even in this narrow sphere, the success of 

licencing is not a proper measure of the research output being exploited 

by Canadian industry. For example, in the period under consideration, 

CRNL developed an ion chamber for monitoring neutrons from cosmic 

rays. The design and know-how were transferred to a Toronto firm 

who manufactured, in addition to requirements in Canada, about 

$700,000 worth for the export market. There is no patent.

6. The statistical data on AECL patents is as follows:

1962 1963 1964 1965 1966 1967

Reactor & Mise. Applic- 8
ations - initial filings

11 21 24 34 18

Commercial Products Applic- 0 
ations - initial filings

5 4 5 0 10

7. One licence was issued in this period resulting in $5, 356

in royalties, and business generated in Canada of $153, 000. Licence 

fees from earlier patents, totalling a few thousand dollars, would also 

be received during this period.
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8. Books and papers arising from the research activities

of AECL are published through the normal channels. Contributions 

are made to journals published both in Canada and other countries.

The number of publications is given in Table 13A. All of these 

publications are listed in an AECL List of Publications which is 

produced annually with a cumulative issue at intervals, and this list 

is widely distributed (290 copies in Canada and 860 outside Canada)

- particularly to technical libraries and to universities throughout 

Canada.

9- Abstracts of all AECL publications are supplied to the

USAEC for publication in Nuclear Science Abstracts. AECL also 

sends abstracts of all other Canadian publications in the nuclear science 

field to Nuclear Science Abstracts, thus ensuring that they are widely 

announced. The total number of abstracts collected in a year by NS A 

is about 47,000. In 1967 the contribution of those published in Canada 

was 309, of which 132 came from AECL. AECL also had some 165 

papers in journals published in other countries.

10. All completed research projects that are not reported by 

the publications previously mentioned are recorded in reports in the 

AECL-series. These are published by an initial distribution to depository 

libraries and others in Canada (28 copies) and throughout the world

(212 copies). They are also announced, as in the case of papers, in 

the AECL List of Publications and in Nuclear Science Abstracts.

11. In addition, large numbers of reports are prepared which 

although unpublished, i. e. , not available to the general public, are 

issued to Canadian industrial companies with an interest in the nuclear 

science field, to the science departments of Canadian universities, and 

to other government departments.
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12. The majority of these unpublished reports are lifted in a 

monthly announcement list which is issued to the organizations con

cerned.

13. The numbers of both published and unpublished reports 

produced during the past six years are given in Table 13A.

The principal method of transferring the results of 

programmes and projects is by papers and reports discussed in 

the preceding paragraphs. In addition, considerable use is made of 

participation in conferences. AECL organizes a conference at 

approximately yearly intervals known as the "AECL Power Symposium" 

at which a number of presentations by senior staff are made reviewing 

in some detail the current status of research and development directed 

toward the nuclear generation of power. Invitations to participate in 

this symposium are issued to a large number of Canadian companies 

and utilities, to government departments, and to other people who may 

be interested.

14. Substantial contributions are made to the annual conferences 

of the Canadian Nuclear Association and the American Nuclear Society. 

A number of symposia on specific research topics are organized by 

AECL sites and participation is invited from interested parties. AECL 

is a major participant in symposia and panels organized by the 

International Atomic Energy Agency. It also contributed many notable 

papers to the three United Nations Conferences on the Peaceful Uses

of Atomic Energy, the last of which was held in 1964. The staff of 

AECL are encouraged to contribute to conferences organized by other 

scientific, technical and international bodies in Canada and elsewhere. 

The extent of active contribution is indicated by the following figures:
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Presentations at Conferences by AECL Staff

Year

1962 1963 1964 1965 1966 1967
Number of Papers

Presented: 155 175 139 191 211 219

15. AECL collects considerable numbers of scientific and

technical documents as a result of exchange agreements with other 

countries that have significant activities in the nuclear science field.

The following figures give the quantities received in recent years: 

Technical Reports Received from Other Countries 

Year

1962 1963 1964 1965 1966 1967

Published Reports: 10,845 11, 790 11,247 11,430 11,492 12,510

Unpublished Reports: 350 237 620 527 233 649

16. The documents so received are initially stored in the 

library at Chalk River Nuclear Laboratories which is recognized as 

the major depository in Canada for the literature of nuclear science.

This library announces receipt of the published documents in a Weekly 

Accessions List which is circulated to many scientific libraries and 

industries in Canada and the documents are offered for loan or by 

photocopy.

17. The transfer of the unpublished reports received from 

other countries is limited by the conditions placed on distribution

by their originators. However, about 90 per cent of them are announced 

and made available for loan to a number of Canadian industrial companies 

with interest in the nuclear science field.

18. Since AECL considers one of its functions is to train people

to promote and expand nuclear science and technology throughout Canada,
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people who receive specialized training with AECL and then leave 

to apply their experience elsewhere in Canada are regarded as an 

important "product. "

19. The following table lists the number of such people who 

have left AECL in the past six years. It does not include those who 

have gone outside Canada or those who work in fields in which their 

AECL training is of little relevance.

20. Also, those having AECL training periods of two years or 

less have been omitted. Many of the people in this category will be 

young scientists and engineers who leave either to take advanced 

degrees or to become reactor operations engineers with utilities. In 

both cases AECL training nevertheless is of real value to them. 

Another significant group in this category are engineers from Canadian 

industry attached to AECL, primarily for training.

Number of Staff From AECL

1962 1963 1964 1965

To industry, in atomic energy
(includes utilities) 4 9 2 5

To universities, doing research
related to atomic energy 4 3 2 4

To other, using specialized AECL 
knowledge (laboratories, other
government agencies) 2 1 3 7

21. The following teams have been very active and successful 

in the period 1962-67 and are recognized as world authorities in their 

fields. The work of a team will cover a number of years, with no one 

year being particularly significant.

(a) Biology 8t Health Physics

- For the study of human population genetics -

attempts to assess possible radiation effects have 

led to statistical surveys of large populations.

1966 1967

2 3

9 3

4 5
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- For the study of dispersal of radionuclides in the 

environment - the atmosphere, ground and water.

- For the study of radiation dosimetry.

(b) Physics

- For precise study and (low energy physics) measure

ments of the properties of heavier atomic nuclei, using 

tandem Van de Graaff accelerators with advanced 

detectors and on-line computing equipment.

- For the study of lattice vibrations, electron orbits 

and other aspects of nuclear structure and solid state 

physics using the inelastic scattering of neutrons.

- For the study of nuclear structure using high resolution 

beta ray spectrometry.

- For the study of the physics of fission.

- For the study of neutrons from cosmic rays -- from 

monitoring stations in North America and elsewhere.

(c) Chemistry

- For the study of penetration and channelling effects on 

solids of bombarding particles.

- For the study of the water chemistry of reactor coolants.

- For the study of radiation effects on organic coolants 

for reactors.

- For the study of radiation dosimetry.

(d) Materials Science

- For the study of diffusion in metals and radiation effects.

- For the study of the action of UO2 and of other fuels 

under irradiation.
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- For the study of reactor materials under irradiation - 

creep, tensile properties, corrosion.

- For the study of radiation damage effects using electron 

microscopy.

- For the study of new materials and alloys which may 

be suitable for use in reactors.

(e) General

- For the development of in-reactor engineering test 

loops for irradiating experimental fuel and for developing 

new reactor concepts.

- For the study of heat transfer and hydrodynamics 

related to reactor coolants and fuel channels.

- For the development, including measurement, of basic 

nuclear data required for the design of heavy water 

reactors. This includes measurements (using six 

reactors) of fission cross-sections of fresh and 

long-irradiated fuels, of reactivities of fuel lattice 

designs, of scattering of neutrons by reactor 

moderators and fuels, of absorption of neutrons by 

reactor materials.

- For the development of low neutron capture materials 

and methods of operation for an organic cooled, D2O 

moderated reactor.

- For the exploitation of large volume lithium-drift 

germanium detectors for experiments in nuclear and 

neutron physics, reactor physics, activation analysis.

- For the development of reactor components. This heading 

includes a number of unique government - industry teams
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evolving advanced designs as follows:

- fuel and fuel fabrication.

- fuel channels.

- fuelling machines.

- pump and other types of seals.

- control systems.

- D^O containment systems.

(f) Commercial Products

The Research Division in Commercial Products 

has a broad diversity of specialists. It has been 

observed on many occasions, in the radioisotope 

and radioisotope equipment sales field, that AECL-CP 

is the only organization in the world that offers a 

complete service of isotopes, equipment and technical 

support. The CP Research Division supplies an 

important element of that capability.

- More specifically within the Research Division there 

is a team whose special interests are industrial 

radioisotope applications.

- In the field of food irradiation, the in-house staff is 

one of the most knowledgeable on the subject, and 

together with the team of research workers being 

built up in Canadian universities under contract, 

comprises a world known capability.

- A third group concerned with the development of energy 

sources, using the energy of radioactive decay, is 

still much of an embryo.
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22. A complete list of the unique or valuable research tools,

facilities or processes added to, or developed by, AECL during 

the period 1962-67 would be extremely lengthy, but the following 

listing includes the major items. They are listed for convenience 

in the order of nuclear reactors, testing facilities added to research 

reactors, nuclear reactor development, and other fields.

(a) Nuclear Reactors

- The Douglas Point nuclear power station, Canada's first 

commercial sized nuclear power plant, with a net output 

of 200,000 kilowatts of electricity, went into operation.

- Detailed studies showed that a nuclear power reactor 

using natural uranium fuel and heavy water moderator, 

but with boiling light water as the heat transfer fluid, 

was feasible both technically and economically. Detailed 

design, development and construction of a prototype BJLW 

nuclear power station (at Gentilly, Que.) to produce a 

net electrical output of 250,000 kilowatts is well under way.

- A nuclear research reactor, WR-1, an organic cooled 

version of the CANDU reactor system, was built and brought 

into operation at WNRE. It was built to prove the organic 

cooled concept, namely the operation of a high temperature, 

low pressure system using a radiation resistant oil as the 

heat transport fluid. After successfully demonstrating the 

feasibility of the concept, it is now used as a materials 

testing reactor in a programme aimed at increasing the 

operating temperature and hence the efficiency of nuclear 

power reactors. It is particularly suited to this role because 

it allows experiments to be carried out at liquid coolant

Appendix 13



808 Special Committee

temperatures significantly higher than those available 

in most test reactors in North America.

- After NPD (Canada's first nuclear power station) had 

demonstrated the feasibility and reliability of CANDU-type 

nuclear power stations, it became partly available for 

experiments, chiefly on nuclear fuel. At present it is being 

converted from a pressurized to a boiling heavy water 

coolant system.

(b) Testing Facilities added to Research Reactors

- For the NRX reactor at CRNL a new engineering test loop 

was added to study the chemistry of water systems and 

an existing loop was converted from superheated steam to 

fog coolant. In-reactor creep test machines were also 

developed and installed.

- In the NRU reactor, three new engineering test loops were 

installed, one for organic coolant, another for hydraulic test 

and another as a new advanced water systems loop which 

can use either boiling water, steam or fog coolant. The 

reactor was modified so that a different fuel could be used 

thereby making more test sites in the reactor available for 

experiments and irradiations.

- A computer was installed for the development of reactor 

control by means of a computer; creep test machines were 

installed as well as a triple axis neutron spectrometer.

- At WNRE, nine out-reactor loops have been made to allow 

testing to take place under simulated non-radioactive 

conditions; three in-reactor loops are under construction 

to allow testing under actual reactor conditions.
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(c) Nuclear Reactor Development

- Hot cells for the remote examination of irradiated fuels 

and other radioactive materials have been built at WNRE.

- In-line instrumentation for continuous monitoring of 

reactor coolant under process conditions has been 

developed. This could find many applications in the 

chemical industry and elsewhere.

- A component development laboratory at Power Projects 

has been brought into service.

- At WNRE a process has been developed to control the 

water content of the organic coolant.

- Greatly improved plants for the upgrading of heavy water 

have been built.

(d) Other fields

- The Whiteshell research and development laboratories 

became fully operational.

- Cosmic ray neutron monitors were developed for use during 

the International Quiet Sun Year and found continuing world

wide acceptance. Three monitoring stations were installed 

in northern Canada.

- A 10 MV MP Tandem Van de Graaff accelerator was 

installed and brought into operation for nuclear physics 

experiments. It replaced the former EN Tandem accelerator 

that was moved to the University of Montreal. Pioneering 

work on these machines with on-line data processing and 

experiment control by computer was successful. The MP 

Tandem is operated on three eight-hour shifts, five days 

per week.
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- A 2 MV Van de Graaff accelerator was installed to 

augment work with an electromagnetic mass separator to 

study channelling effects in crystals from ion bombardment.

- The CRNL computation centre added a CDC 3100 satellite 

computer to the existing Bendix G20 Model.

- Lithium drifted germanium detectors with very high 

resolution were developed and the processes extended to 

produce very large volume detectors for increased sensitivity.

- At CRNL the Perch Lake drainage basin was adapted for 

use in collaboration with other agencies to determine water 

and energy budgets by isotopic measurements.

(e) At Commercial Products the following facilities have been 

built;

(i> A mobile laboratory which permits laboratory

facilities to be taken directly to the site for

application of radioisotopes on industrial problems.

(Ü) A Mobile Irradiator, a medium-sized demonstration

gamma irradiator, which can be taken to any site

for the gamma-ray processing of various materials

to demonstrate or test for various effects.

(iii) An experimental facility for handling a variety of

gamma-ray sources and consisting of a deep, specially

designed, water pool with a heavily shielded working

area above it.

(iv) Specialized neutron activation systems for elemental

analysis and tracer isotope production, based on the

neutrons available from the reaction of antimony

gamma rays on a beryllium block.
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(iv) Specialized large gamma radiation irradiators, 

both as laboratory devices for relatively small 

samples and large ones for pilot scale tests.

23. The impact of AECL's scientific activities and research 

output on the advancement of scientific knowledge and Canadian 

economic development can be best considered under three headings 

Nuclear Power Programme, Isotope Programme and Basic Research. 

Nuclear Power Programme

24. The present nuclear power programme in Canada, the 

future plans of Ontario Hydro and the Canadian-de signed nuclear power 

stations under construction in India and Pakistan are some of the 

concrete examples of the impact of AECL's activities. In a wider circle, 

there are two nuclear fuel manufacturers that have been established in 

Canadian industry, and two 400-ton-per-annum heavy water plants 

under construction in Nova Scotia by Canadian firms pursuant to agree

ments with AECL to underwrite the sale of the heavy water produced.

A zirconium alloy industry is being established in Canada. Scores of 

firms have been involved in making special products with new techniques.

25. In less than 15 years know-how in the nuclear power field 

in Canada has grown from practically zero to where there are now 

design organizations with some 2,000 professional man-years of nuclear 

boiler-plant experience; construction teams with 300 professional and 

technical man-years of nuclear plant experience, and operational 

organizations with 1,000 man-years of professional experience. These 

are but three of many examples that could be given to illustrate the 

extent to which the nuclear power programme generated by AECL has 

produced in Canada a considerable and expanding competence in
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nuclear technology.

Isotopes Programme

26. The existence of AECL-Commercial Products' line of 

products, including beam therapy units, irradiators and other 

equipment, and their commercial sales in a competitive world market 

is ample evidence of their impact on Canadian economic development. 

Their substantial earnings in a new and advanced field are of special

Basic Research

27. During the period 1962-67 AECL pioneered various 

techniques which are now used in the world scientific community. The 

following is a partial list:

The use of lithium-drifted germanium detectors to

-11 -14measure nuclear lifetimes, in the range 10 to 10 

seconds, by gamma-ray Doppler shift measurements. 

Very sensitive neutron detection systems for continu

ously monitoring the cosmic-ray neutron intensity.

The use of the "on-line" computer system at the Tandem 

accelerator for data acquisition and reduction.

The use of inelastic neutron scattering for the study 

of the dynamic structure of solids and liquids. Several 

different types of spectrometers were devised for this 

study and the designs are widely used.

The phenomena of "channelling" of charged particles 

in the spaces between rows of atoms in crystals now 

being used as a technique to investigate (a) the location 

of foreign atoms on an atomic scale in crystals,
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(b) the lifetime of nuclear fission, (c) details on 

a microscopic scale of radiation damage and annealing 

behaviour in semi-conductors, (d) the atomic 

configuration of oxides on solid surfaces, and (f) for 

rapid orientation of single crystals.

- The use of computers in medical record linkage for 

detailed genetic analyses of human families.

28. Important contributions by AECL. to the advancement of

scientific knowledge during the years 1962-1967 include the following:

- Nuclear structure studies showed that light nuclei 

can be understood in terms of collective motion of the 

nucleons, e. g. , several examples of fast electric 

octupole transitions were discovered corresponding to 

pear-shaped oscillations.

- Studies of nuclear fission in heavy elements have given 

significant information on its mechanism.

- Comprehensive studies of the gamma-rays arising from 

neutron capture in the elements are widely used in 

shielding calculations and nuclear structure analysis.

- Inelastic neutron scattering studies have given new 

understanding of interatomic forces in metals, ionic 

compounds, semi-conductors, ferroelectrics, magnetic 

materials and liquids.

- A theory of anharmonic effects in crystal vibrations

and its applications to the understanding of, for example, 

thermal conductivity.

- Detailed studies of the penetration of charged particles into 

solids have demonstrated the new phenomenon called 

"channelling" and given further understanding of energy 

losses in matter.
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- Studies of chemical changes in molecules absorbed on 

solid surfaces under the influence of radiation have 

given some understanding of energy transfer processes 

and reactions at interfaces.

- Pioneer work on the identification of ultraviolet 

irradiation products of purines and pyrimidines form 

the basis for similar work being carried out on DNA.

- The results of the study of the uptake of tritiated water 

and its fate in the human body are widely used.

29. The scientific work of AECL has been recognized inter

nationally by the award of the following prizes during the years 1962-1967 

inclusive:

Atoms for Peace Award 1967 W. B. Lewis

American Nuclear Society 
Radiation Industry Award 1967

- G. T. Ewan and 
A. Tavendale

Electrochemical Society 
T. D. Callinan Award 1967

J. A. Davies and 
J. P. S. Pringle

Physical Society (London) - B. N. Brockhouse
Duddell Memorial Medal and Prize 1963

American Phvsical Society - B. N. Brockhouse
Oliver E. Buckley Prize for Solid 
State Physics 1962
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TABLE 13 A

Books, Papers and Reports Arising from AECL Research Activities

1962 1963 1964 1965 1966 1967

Publications:

Books or major 
contributions to
books: 1 1 1 5 2 1

Papers published 
in journals: 116 122 138 124 131 150

Papers published 
in conference 
proceedings: 13 15 15 17 22 39

Reports, published 
AECL-series: 94 89 112 124 111 107

Total 224 227 266 270 266 297

Unpublished Reports:

Technical reports: 179 178 212 306 540 627

Minutes of technical 
meetings: 36 17 61 94 128 106

Progress reports: 61 57 69 81 102 92

Total 276 252 342 481 770 825
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PROJECTS: 1962-67

Because of the inter-disciplinary nature of much of 

AECL's work, it is preferable to list the projects undertaken during 

the five-year period 1962-67 by sites rather than by divisional

Titles or other brief descriptions are given below in the 

order - Chalk River Nuclear Laboratories, Whit es he 11 Nuclear 

Research Establishment, Power Projects, Commercial Products.

Case histories of the most significant completed projects follow 

the site listing of projects.

CHALK RIVER NUCLEAR LABORATORIES

The CRNL listings, for convenience, have been grouped 

under two separate headings - applied research and development, 

and basic research.

A. CRNL Applied Research and Development Projects

(An asterisk indicates that a case history has been prepared. ) 

A1. Reactors

Al. 1* The Whites hell Reactor, WR-1.

Al. 2 Gentilly Nuclear Power Plant,' CANDU-BLW-250. 

Al. 3 Conversion of NPD cooling from pressurized

heavy water to boiling heavy water.

Al. 4 Replacement for NRX core (consideration of

high fast-flux facility for materials testing, etc.). 

Al. 5 Advanced power reactor concepts (organic 

cooled high-steam-quality BLW, multiple 

pressures, superheat).
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A2. Fuel Development for Specific Reactors

A2. 1* Fuel for Douglas Point Reactor, CANDU-PHW-200. 

A2. 2 Fuel for Pickering Reactors, CANDU-PHW-500.

A2. 3 Fuel for Gent illy Reactor, C ANDU-B LW-250.

A2. 4 Fuel for research reactors NRX, NRU, WR-1.

A3. Advanced Fuel Development

A3. 1 Fuel for reactors to produce superheated steam.

A3. 2 Plutonium-containing fuel.

A3. 3 High density fuel for CANDU reactors (uranium 

silicide U^Si).

A3. 4 Thorium-based fuel to use initial enrichment

of U-235 with later transition to U-233.

A4. Reactor Core Components

A4. 1* Zirconium-niobium pressure tubes for power 

reactors.

A4. 2 Development of reactor channels for high

temperatures.

A4. 3 Heavy water production - processes and sources. 

A4. 4* Heavy-water up-grading.

A4. 5 Graphite reflectors displacing more expensive

D^O inside the reactor tank.

A5. Mechanical Component Development

A5. 1* Rotating shaft seals for primary coolant systems. 

A5. 2 Fuel handling, fuelling machine components.

A5. 3 Industrial valve improvement programme.

A5. 4 Joining of dissimilar metals, especially for 

connection of pressure tubes.

A5. 5 Fuel channel closures (flap valve).
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A6. In-reactor Research Equipment

A6. 1* In-reactor creep measuring devices :

A6. 1. 1 Measurement of creep properties

on stressed specimens at elevated

temperatures.

A6. 1.2 Gauging of pressure tubes during

service.

A6. 2 Sensors for measuring gas pressures in operating

fuel elements.

A6. 3 Thermocouples for measuring temperatures of

fuel and fuel cladding.

A6. 4* Self-powered neutron and gamma-ray detectors.

A6. 5 Irradiation facilities ("rabbits") for quick

insertion and removal of fuel specimens or

isotope targets.

A6. 6 Fuel moving device for subjecting test fuel to

many power cycles by insertion and withdrawal

from the high flux region.

A7. Remote Handling and Testing of Highly Radioactive Materials

A7. 1 Development of techniques for use in shielded

"caves": metallography, electron and optical

microscopy, mechanical testing, metrology, etc.

A7. 2 Handling and transfer of Cobalt-60 produced in

NRX and NRU.

A7. 3 Measurements of fission product distribution,

particularly the noble gases, in fuel elements.
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A8. Materials Technology

A8. 1* Properties of fuel materials including UO^, UC,

11381, impregnated graphite.

A8. 2 Physical properties, corrosion, irradiation

effects, and industrial fabrication of structural

materials including zirconium alloys, steels,

aluminum, high-nickel alloys. (c. f. also A4. 1).

A8. 3 Development of zirconium alloys suitable for

cladding high temperature fuels.

A8. 4 Chemistry of coolants and moderators :

A8. 4. 1 Application of mild steel to heat

exchangers, feed-water heaters, etc.

in pressurized heavy-water reactors.

A8. 4. 2 Development of boiling water chemistry

control for replacing stainless éteel.

A8. 4. 3 Chemical control for organic coolant.

A9. Physics of Reactor Cores

A9. 1 Measurement in the ZED-2 reactor of macroscopic

and microscopic lattice parameters for pressure

tube reactors using clustered fuel.

A9. 2 Nuclear data for reactor calculations:

A9. 2. 1 In co-operation with UKAEA, measure

ments at NRU to determine the law

governing scattering of neutrons by various

moderator materials.

A9. 2. 2 Measurements of differential and integral

cross sections for reactor fuel and

structural materials.
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A9. 2. 3 Compilation and evaluation of relevant

cross section data and development of

simplified theory for using it.

A9. 3 Development of methods for calculating lattice

parameters for pressure tube heavy water

reactors using clustered fuel.

A9. 4 Compilation of a computer code combining physics,

economics and engineering data to obtain an

optimum reactor design.

A9. 5 Determination of optimum fuelling programme for

natural uranium reactors with bi-directional,

on-power refuelling.

A9. 6 Measurement and development of theory to determine

reactivity effects and local perturbations caused by

fully enriched "booster" rods inserted in heavy

water reactors.

A9. 7* Measurements and development of theory to

determine the change of fuel reactivity as a

function of total heat output or "burnup".

A10. Heat Transfer and Fluid Dynamics

A10. 1 Determination of the point of dryout in clustered

reactor fuel cooled by boiling water.

A10. 2* Two-phase heat transfer and the evolution of the

A10. 3

BLW concept. Selection of boiling light water

coolant as the alternative to heavy water and

in preference to fog or steam cooling.

Experimental and analytical study of flow instability

in parallel channels in a boiling-water-cooled

pressure tube reactor.
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A10. 4 Studies of the nature and causes of fuel

vibrations induced by coolant flow.

A10. 5 Fundamental studies of surface wetting in fog- 

cooled channels.

All. Reactor Safety Studies

All. 1 Measurement and analysis of the short (milliseconds) 

and long term (seconds) behaviour when the coolant 

is discharged from a water cooled reactor channel 

following an external piping rupture i. e. blowdown 

studies.

All. 2 Studies of the effect of introducing emergency 

cooling into a reactor channel.

All. 3 Pressure tube rupture:

All. 3. 1 Determination of critical crack length 

for crack propagation.

All. 3. 2 Pressure tube bursting tests in a 

simulated reactor lattice.

A12. Non-Destructive Testing

A12. 1 Checking uniformity of fuel in special fuel rods.

A12. 2 High resolution ultrasonic testing of fuel cladding 

integrity.

A12. 3 Ultrasonic crack detector for quality control of 

pressure tube material.

A12. 4 Eddy-current testing of physical condition of 

zirconium alloy tubes.

A13. Instrumentation and Control

A13. 1 Reactor control and operation:

A13. 1. 1 Self-powered detectors ( c* f, A6. 4)
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A13. 1.2 Special instrumentation for initial

startup of reactors.

A13. 1. 3 Fuel defect monitors.

A13. 1. 4 Heavy water leak detection

A13. 1.4.1 chemically impregnated tapes

A13.1.4. 2 infra-red spectrometer

A13. 1. 5 Amplifiers, pre-amplifiers, etc.

A13. 1. 6 Computer processing of operational data.

Al3. 2 Health physics instruments

A13. 2. 1 Area monitors to warn of excessive

radiation or tritium.

A13. 2. 2 Portable radiation survey meters.

A13. 2. 3 Iodine detectors in reactor gaseous

effluents.

A13. 2. 4 Hand and foot monitors.

A13. 2. 5 "Friskers" to detect general contamination

on personnel.

A13. 2. 6 Urine analysers.

A13. 2. 7 Pocket warning dosimeters.

A13. 3 Research Instruments :

A13. 3. 1* Germanium gamma ray spectrometers for

high resolution, including associated low-

noise amplifiers.

A13. 3. 2 Cosmic ray monitors.

A13. 3. 3 Computer assemblies for on-line processing

of experimental data (Tandem accelerator

installation, SUCCESS system, etc.)
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A14. Intense Neutron Generator Study (ING)

A14. 1 Production of a continuous high current of protons 

in a well defined beam suitable for further 

acceleration.

A14. 2 Study of radio frequency electromagnetic fields

in structures suitable for efficient acceleration of 

a proton beam.

A14. 3 Control and acceleration of a high current beam of 

protons in radiofrequency fields.

A14. 4 Magnetic guidance and focussing of the proton 

beam with minimum loss of protons.

A14. 5 Generation of radiofrequency power with high 

efficiency and low cost.

A14. 6 Development of a liquid-lead-bismuth target for 

neutron production and heat removal involving 

problems of pumping, corrosion, and mass transfer.

CASE HISTORIES

Al. 1 WR-1 REACTOR PROJECT

As a result of studies during the late 1950's of the means 

by which the unit capital cost of nuclear power stations 

might be reduced, CGE proposed replacement of heavy 

water by an organic fluid as the coolant for nuclear reactors. 

On the basis both of the potential indicated through ensuing 

CGE and AECL evaluations, and of the results of the 

American programme for development of this coolant,

AECL decided to build an experimental reactor of this 

type as the first major facility for the Whites hell Nuclear 

Research Establishment.
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The project was officially authorized shortly after the 

negotiation in the spring of 1962 of firm prices for 

more than two-thirds of the $14. 5 million estimated 

cost. The facility was in operation before the end of 

1965. The cost was within the original estimate and 

payments to industry peaked at very nearly $6 million 

during fiscal 1964-65. The project provided good 

experience for the CGE team in meeting expense and 

schedule targets and was an excellent example of 

achievement through the combined effort of industry and 

AECL.

The operation of this reactor has not only demonstrated 

the feasibility of an organic as a reactor coolant, but 

also the reactor has turned out, in the tradition of 

NRX and NRU, to be one of the world's foremost facilities 

for the development of nuclear fuels and materials.

A2. 1 DEVELOPMENT OF FUEL FOR THE DOUGLAS POINT 
REACTOR

The starting point for the development of a fuel bundle 

for the Douglas Point reactor was the bundle design 

developed for the earlier (and smaller) NPD reactor.

The overall length of the 19-element bundle of about 

50 cm and its diameter of about 8 cm were retained, but 

to meet the more stringent operational and economic 

conditions of the Douglas Point reactor, a number of 

less obvious but operationally important changes were 

required:
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(a) The maximum power output from each bundle 

was doubled from 210 kW to 420 kW, requiring 

detailed changes within the elements and a large 

amount of testing to demonstrate the acceptability 

of such an increase.

(b) A large amount of endurance and wear testing 

was required because of a 55 per cent increase in 

coolant flow and a 400 per cent increase in bundle 

movement during fuel loading. Satisfactory fretting 

and wear properties for the bundle were achieved 

by adding special bearing pads.

(c) The system pressure in the Douglas Point reactor 

was to be 40 per cent greater than in NPD. Unless 

the thickness of the Zircaloy sheath on the elements 

was increased it would collapse on to the UC>2 pellets.

It was decided that we should depart from current 

world practice and allow complete sheath collapse, 

stopping short only at longitudinal ridge formation.

This resulted in a fuel bundle that was both cheaper

to build and contained more UO^ fuel (and was thus 

able to produce more energy). These changes 

required a considerable amount of testing to demonstrate 

the satisfactory performance of such fuel bundles.

(d) To reduce the fabrication cost of the fuel we 

developed resistance welds for sealing fuel elements.

To reduce the probability of defects a high resolution 

ultrasonic crack detector was developed for inspecting 

the very thin (0. 016 in. wall) Zircaloy-2 fuel sheaths.
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Each of the above changes required changed in 

manufacturing techniques and a large amount of both 

in-reactor and out-reactor testing to define the precise 

manufacturing process necessary for mass production.

This involved a close co-operation between CRNL, the 

reactor designers, and the two prospective fuel 

fabricators - Canadian General Electric and Canadian 

Westinghouse.

The fuel charge for Douglas Point was the first in Canada 

to be built to a fixed price contract. The price was $74 

per kg of uranium which allows the Douglas Point reactor 

to have a fuelling cost of around 1 mill per kWh. The 

fuel is now operating well in the Douglas Point reactor 

and many prototypical bundles have been successfully 

irradiated in NRU and in NPD at ratings well above their 

design value to burnups greater than the 9000 MWd/TeÜ 

expected in Douglas Point. A bundle about 20 inches long 

and 3^ inches in diameter generates as much steam as 

20 carloads of coal.

This development has led to the establishment of a Canadian 

nuclear fuel industry with estimated total domestic sales of 

$7 million in 1970, increasing to $23 million in 1975. 

Furthermore, as a result of the intensive programme of 

manufacturing development directed and supported by 

CRNL, Canadian fuel fabrication costs are the lowest in 

the world so that our industry is in a strong position to 

obtain export orders.
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A4. 1 DEVELOPMENT OF ZIRCONIUM-2. 5% NIOBIUM
PRESSURE TUBES FOR POWER REACTOR APPLICATION

There are strong economic incentives to make pressure

tubes for CANDU reactors from materials having low

caput re cross-sections for thermal neutrons and to limit

the amount of material introduced into the reactor core

by using the strongest materials available. The most

suitable material available has been Zircaloy-2, an alloy

of zirconium, tin, chromium, nickel and iron with a

strength of 48, 000 psi at 300°C. Pressure tubes of this

alloy are used in NPD and Douglas Point and will be used in

the Pickering I and II reactors.

In 1959 laboratory scale studies were initiated at CRNL 

on an alloy of zirconium and niobium discovered by 

the Russians, viz, Zr-2. 5% Nb, with a neutron cross- 

section similar to Zircaloy-2 but with a tensile strength 

up to 85, 000 psi at 300°C, depending on its metallurgical 

condition. By 1961 the results of our laboratory studies 

had confirmed the superiority of the Zr-Nb alloy over 

Zircaloy-2. The next stage was for our metallurgists in 

collaboration with an industrial shop to establish a 

realistic fabrication route involving extrusion, drawing 

and heat treatment to produce tubes about 25 feet long 

with a diameter of three to four inches. Since there was 

no Canadian company willing and able to undertake this 

development a contract was placed with an American 

company. This stage of development was concluded in 

1964 with the delivery of six tubes of production sizes but
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of doubtful quality in aspects relevant to reactor usé.

The predicted high strength was confirmed in all tubes 

and one of the tubes was good enough for insertion into 

the NRX reactor for evaluation under power reactor 

operating conditions.

Up to this stage our efforts were concentrated on obtaining 

Zr-Nb pressure tubes having maximum strength, i. e. , 

tubes in the heat treated condition. Our experience showed, 

however, that the heat treatment was difficult to perform, 

mainly because of the lack of suitable heat treatment 

furnaces and the difficulties in processing heat treated 

tubes to the specified dimensional tolerances.

In early 1964 an assessment of new laboratory data on the 

tensile strength of the Zr-2. 5% Nb alloy in various 

metallurgical conditions continued to show the superiority 

of the heat treated material but there was sufficient 

evidence to encourage the development of Zr-Nb tubes in 

the cold worked condition provided the starting condition 

of the material was métallurgie ally controlled.

Development contracts were placed at two United States 

companies for the fabrication of 12 production-size 

pressure tubes from each company. The contracts were 

successfully completed in 1965-1966. One company's 

performance was significantly better than that of the 

other in terms of both delivery and overall quality of 

the tubes. The predicted effects of different fabrication 

methods on the strengths of the tubes were confirmed.

The best tubes were stronger than 70, 000 psi at 300°C.
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About this time the reference diameter of power reactor 

pressure tubes was increased from 3^ inches to 4 inches.

The company that had made the best tubes then demonstrated 

that 4-inch diameter tubes could be made to the same 

strength and meeting all other quality requirements.

Selected tubes of cold worked Zr-Nb were inserted into 

NRU for evaluation under power reactor operating 

conditions, and later similar tubes were put into NPD 

and the United States reactor PRTR to obtain experience 

over a wider range of conditions; these tubes are still 

being measured from time to time to determine dimensional 

changes resulting from the operating environment.

A review of all available data on the fabrication and properties 

of Zr-2. 5% Nb pressure tubes showed that the enhanced 

strength of the heat treated material warranted further 

development work. Further, availability of suitable 

furnaces in the United States which hitherto had been used 

for heat treating rocket motor cases provided added 

incentives.

A new development contract for 72 tubes was placed with 

the more successful of the two U. S. pressure tube 

fabricators.

By 1966 most of the earlier processing difficulties were 

solved. Significant advances were made in billet-for gin g 

and extrusion techniques. Evaluation of these tubes showed 

that our expectations had been fulfilled in both metallurgical 

properties and dimensional tolerances. At this time we 

were sufficiently confident to recommend heat treated
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Zr-Nb as reference pressure tube material for the 

Kanupp and Gentilly reactors.

Although pressure tube materials are selected mainly 

on the basis of neutron absorption, strength and 

corrosion resistance, creep resistance in neutron 

fluxes is the most important property that determines 

the probable lifetime of pressure tubes when they 

are designed for optimum economy. Thus, neutron 

irradiation increases the creep rate of Zircaloy-2 

by about 10 times whereas the Zr-2. 5% Nb alloy is 

only increased by a factor of three to four. This means 

that a Zr-2. 5% Nb alloy pressure tube will have a 

longer lifetime than Zircaloy-2 based on the time to 

reach a certain total strain at the same stress.

Because of its improved creep resistance the pressure 

tubes for Pickering III and IV reactors will be of cold 

worked Zr-2. 5% Nb with a wall thickness of 0. 160 inches 

as compared with 0. 200 inches for the Zircaloy-2 tubes 

in Pickering I and II. For a 500 MWe reactor this 

decrease in wall thickness means a saving of about 

$2 million over the lifetime of the reactor. Based on a 

conservative estimate of 8000 MWe nuclear power 

generation capacity in Canada by 1980 the use of 

Zr-2. 5% Nb pressure tubes in the power reactors that 

go into service between now and 1980 will reduce costs 

by about $30 million. To achieve this saving approximately 

$10 million has been spent since 1958 on research and 

development, about 40 per cent of this being on contracts 

with Canadian industry and universities.
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It will have been 12 years from the beginning of this work 

to the time when the first power reactor containing 

Zr-2. 5% Nb tubes will be operating. This may seem a 

long time, but two factors have a profound influence on 

this : firstly, we had to provide assurance to the design 

engineer that the change from something he had experience 

with to something new was technically and economically 

sound; secondly, there is a long lead time between 

making the decision to use a new material and the time 

when the machine containing it becomes operational.

To date, all the tubes have been made in the United States 

and most of them by Chase Brass Company. For the last 

year and a half we have had a contract with Calumet and 

Hecla of Canada Limited (Wolverine Tube Division) to 

develop a pressure tube fabrication capability in Canada. 

By the end of 1968 we hope the company will qualify as 

a proven supplier. In addition, both Chase Brass and 

Noranda Limited (an all-Canadian company) recently 

expressed an interest in manufacturing pressure tubes in 

Canada. Noranda are already producing extruded tube 

shells for subsequent fabrication to fuel cladding and have 

a strong research and development centre to support 

such work. Although Wolverine should be a qualified 

supplier by the end of the year, they would have to install 

new equipment and modify their production facilities 

in London in order to complete a production order in 

Canada.
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A4. 4 HEAVY-WATER UPGRADING

Early in the development of heavy water reactors, it was 

realized that downgrading of heavy water, either by out- 

leakage of heavy water or in-leakage of light water, 

could become a major economic factor in their operational 

cost. An inexpensive process for upgrading heavy water 

was therefore a programme requirement.

Distillation or electrolysis may be used for the upgrading. 

CRNL has had experience with both methods and has made 

major improvements in electrolysis. A number of 

associated problems have been solved. Some of thes.e 

relate to the purification of the water which, as recovered 

from leakage collection systems, often contains dirt and 

grease. During 1963 our operational difficulties with an 

enlarged installation pointed up inadequacies in technical 

knowledge of the process. An experimental electrolytic 

cell was installed and careful studies of both it and the 

production plant yielded data that permitted a vastly improved 

operation over other electrolytic installations. In 

particular, hydrogen-deuterium separation factors of 11 

to 12 were obtained as compared to 8 or 9 previously.

The electric current and therefore production from a cell, 

has been increased by a factor of five. Improved 

electrolytes have been developed and operation has been 

optimised. Since the basic separation mechanism is not 

yet fully understood, research and development is continuing 

with expectation of future gains in both separation factor 

and current density. Electric Reduction Co. of Canada
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are assisting in this work under contract. All the 

engineering gains that have become possible as a result 

of the new technical knowledge have not yet been fully 

realized but the units are being altered where this is 

economically justifiable.

The Chalk River installation plays a critically important 

role in the Canadian nuclear power programme. The 

design has been chosen by CGE for use at the Kanupp 

Reactor under construction in Pakistan. When the volume 

of upgrading work justifies an installation either by an 

industrial enterprise or by the power plant owner, all 

relevant aspects of economic and technical significance 

may be determined from the CRNL operation.

A5. 1 ROTATING SHAFT SEALS FOR PRIMARY COOLANT PUMPS 

The availability of a reliable high pressure shaft seal 

with controlled and preferably negligible leakage, for 

application in primary coolant system pumps , is of major 

importance to the CANDU reactor concept. Early 

experience with NPD primary pump commercial seals 

disclosed a requirement for more reliability and longer 

life. Basic CRNL experiments on seals, where the 

rotating faces were separated by a fluid film, proved that 

this design approach had real potential.

In 1961 Dilworth, Secord and Meagher were given a 

development contract to bring this concept to commercial 

realization. After a detailed analytical study, with 

associated laboratory testing, the hydrostatic concept 

evolved in which the thickness of fluid film between the 

faces could be predicted. Controlled leakage was set
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at 0.4-0. 5 gallons per minute and an operating life of

8-10 thousand hours was achieved. A major problem

was the identification of compatible materials which

would resist corrosion and erosion and which had

suitable moduli of elasticity. Seals were installed in

NPD pumps for comparative tests and are now in use in

Douglas Point and ordered for Pickering.

It is of interest to note that Dilworth, Secord and Meagher

is a fully Canadian-owned consulting engineering firm

which is unique in that it operates a development

laboratory. The development of the hydrostatic seal

was one of their first major contributions to the AECL

programme and was the principal product originally

supporting the establishment of the DSM laboratory and

of the associated manufacturing firm, Champlain Power 

Products. This seal package (which also includes the elliptical seal

described on page 65) is being marketed around the world by

Champlain Power Products.

A6. 1 IN-REACTOR CREEP MEASURING DEVICES
The pressure tubes in a CANDU power reactor are exposed

to high neutron fluxes during operation and a knowledge of

how their creep rates are affected by neutron irradiation

is essential to the designer if he is to gain full use of the

potential strength of the material.

Apparatus has been developed to measure the creep rate 

of specimens of pressure tube alloys exposed under stress 

to a high neutron flux. In NRX, for example, this required 

a creep measuring machine with specimen, furnace and 

strain meter that would fit into a 10-foot long tube of
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1. 5 inch diameter. Much of the development work has 

been done by Orenda Engines Limited at a cost of about 

$2 million and the success represents a significant advance 

in in-reactor measurements. Two major design problems 

were the measurement of the strain and the maintenance 

of constant temperature. A length gauge was required that 

was stable under irradiation and capable of high sensitivity. 

Because gauges with electrical output signals tend to be 

affected by neutron irradiation and to drift, an air gauge 

was chosen for development. Air gauges are now produced 

for the creep machines with a sensitivity of 0.25 micro-meters 

(10~5 inch). Heaters and a sophisticated temperature 

control system have also been developed so that the heaters 

will survive long periods of time in the reactor while being 

controlled to + 2°C.

The machines are in regular use to determine the effect 

of temperature and stress on the in-reactor creep of 

zirconium alloys. The air gauge developed for the creep 

machine has also been used to determine the rate of change 

of dimensions of UC>2 under irradiation.

As a result of this work two new companies have been born, 

Advanced Transducer Systems and Canadian Instrumentation 

Company, and Orenda Engines Limited have sold sensors to 

Oak Ridge National Laboratories for similar work on

uo2.
The creep machines permit continuous measurements of 

creep on specimens under irradiation. It is, however, also 

of importance to measure the internal diameters of typical

Appendix 14



836 Special Committee

reactor pressure tubes in situ. Orenda Engines Limited 

has developed gauging equipment that is used for this 

purpose during reactor shutdown. Pressure tubes are 

emptied of fuel and coolant and the gauging head passed 

through. Three diameters are measured along the whole 

length of the pressure tube and the results are automatically 

recorded. The gauging heads also carry a profilometer 

which maps out marks on the tube wall such as mechanical 

scratches or fretting penetration.

The cost of development and hardware for this important 

device has amounted to about $400, 000. It is likely that 

there will be a continuing market for this type of equip

ment as more power reactors are commissioned.

Operators will want to monitor the pressure tubes in each 

station so that the condition of the tubes will be known.

A6. 4 SELF-POWERED NEUTRON AND GAMMA-RAY DETECTORS 

Self-powered flux detectors are instruments for measuring 

high intensities of neutrons and gamma rays. They 

spontaneously produce electrical currents proportional 

to flux, and require no external source of electric power. 

They are particularly useful for mapping the spatial 

distribution of neutrons, and hence heat production, inside 

the core of a nuclear reactor. In nuclear power stations 

now under construction, this information is essential for 

operation at the highest design power levels.

Development of self-powered detectors was stimulated in 

1962 by a paper in the "Soviet Journal of Atomic Energy".

The CRNL contribution has been the development of materials
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and fabrication techniques to produce a small rugged 

device that will withstand the radiation in high flux 

reactors. When the experimental project started, there 

appeared to be no urgent requirement for in-core 

detectors . However, detailed flux mapping within large 

reactor cores is proving desirable and self-powered 

detectors have come into wide practical use much more 

quickly than anticipated.

The unique advantages of these detectors are their small 

size, long life and reliability. They are also simpler 

and less expensive than alternative devices. Patents 

have been granted in the United States and Canada, and 

a Canadian manufacturer has been producing these 

detectors under license for three years. The present 

volume of business is approximately $150, 000 each year, 

much of it for export, and there are indications that it 

could easily grow by a factor of five and perhaps 10.

More important, the new Canadian company, Reuter-Stokes 

of Canada, 50 per cent Canadian owned, was established 

to produce these flux detectors and other similar components 

and is acquiring advanced technology in what will become an 

increasingly important secondary industry.

Work at CRNL is continuing to extend this principle of 

radiation detection to a number of other fields, and to acquire 

a better fundamental understanding of the physical processes 

involved.
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A8. 1 PROPERTIES OF FUEL MATERIALS

Although the feasibility of using UO2 fuel elements with 

thin Zircaloy sheaths had been clearly demonstrated by 

1962, the designs were conservative. A much more 

detailed understanding of the behaviour during irradiation 

was necessary in order to develop the full potential of 

fuel in the two important areas of fuel rating and neutron 

economy. Accordingly, research has been concentrated 

on clarifying those areas of ignorance about fuel material 

properties which have relevance to the economic design 

of UO2 fuel. Some of these, namely thermal conductivity, 

release and re-entry of fission product gases, and swelling 

caused by irradiation are discussed below.

Knowledge of the temperature distribution across a fuel 

element is basic to any understanding of fuel performance, 

since temperature dictates fuel expansion, strength and 

the movement or release of the fission products created 

in the fuel by irradiation. The temperature distribution 

is determined by the heat-rate, the thermal conductivity 

of the fuel material, and the heat transfer coefficients at 

the fuel-sheath interface and the sheath-coolant interface. 

The thermal conductivity of the fuel during irradiation was 

studied by direct techniques (which necessitated develop

ment of thermocouples for measuring the very high 

temperatures involved, up to 2800^C) and indirect 

techniques which depend on interpreting changes in the 

structure of the fuel. To assist interpretation of these 

changes, grain growth and densification of the UO^ as a
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function of temperature, pressure and irradiation were 

extensively studied.

Gaseous fission products created in the UC>2 may form 

bubbles and so cause swelling of the fuel or can escape 

from the UO2 and develop pressure inside the sheath. It 

is essential to be able to design fuel elements so that 

neither swelling nor gas pressure subjects the sheaths 

to undue stresses leading to failure. Gas release has 

been found to be affected by many factors, such as 

temperature, oxygen to uranium ratio, irradiation time 

and migration along the very high temperature-gradients 

which occur in operating fuel. Even now no satisfactory 

theory exists to account for all the experimental 

observations but a sufficient body of information has 

been developed to enable us to predict gas release with 

reasonable certainty. The re-entry of gas into the UO2 

under irradiation although not yet understood is potentially 

a very beneficial phenomenon as it may limit the gas 

pressure in fuel elements i. e. , the release of gas from 

the hotter regions of the fuel will be compensated by the 

re-entry of gas into the colder regions.

During irradiation the UO2 expands and the volume available 

to the gas decreases. A simple model describing UO2 

expansion was evolved from observations on irradiated 

fuel elements. This was used in calculations of the free 

volume remaining inside the element after fuel expansion. 

Coupled with the information about gas release this enables 

the gas pressure developed inside fuel elements to be
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calculated. Measurements of gas pressures during 

irradiation using specially developed instrumentation fit 

with the calculations, giving some confidence in design 

criteria.

To date, the CANDU system of reactors has required 

design for burn-ups of less than 14, 000 MWd/TeU. 

Recently, however, we have been considering very much 

higher burnups, and therefore have to take into account 

the swelling caused by gaseous fission product bubbles 

and solid fission products. We are attempting to control 

this swelling by directing it into preformed voidage in 

the fuel, and simultaneously are gaining an understanding 

of the physical processes by examining highly irradiated 

samples in the electron microscope and studying the 

balance between creation of bubbles and the re-entry of the 

gases into the UO2 during the irradiation.

This type of applied research work on fuel is carried out 

on less than full size specimens in the NRX reactor and 

thus NRU is fully available for work on problems unique 

to full size fuel bundles.

We hope to maintain ourselves in the position of being able 

to give designers of future reactor systems quantitative 

recommendations on fuel element design for optimum 

performance, thus obviating the wasteful trial-and-err or 

approach to each new requirement. Only in this way will 

Canadian fuel fabricators remain capable of supplying the 

world's lowest cost fuel.
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Work of a similar nature has been done on uranium carbide, 

mixtures of uranium and plutonium oxides, thorium oxide, 

mixtures of thorium and plutonium oxides and uranium- 

silicon alloys.

A9. 7 FUEL REACTIVITY VS BURNUP

A major advantage of the Canadian heavy water moderated, 

natural uranium reactors is their low fuelling cost and this 

hinges on attaining a relatively high burnup (i. e. , integrated 

heat output per unit weight) from the fuel.

The limit on burnup may be set by fuel failure or by a reduction 

in fuel reactivity to an extent that the chain reaction cannot 

be sustained. Fuel developed at Chalk River has successfully 

demonstrated adequate physical integrity against failure and 

so the burnup is determined by reactivity.

The reactivity results from a delicate balance between several 

processes, principally the destruction of fissile material and 

the resulting production of neutron absorbing fission products 

(negative contributions) and the conversion of fertile material, 

e. g. , U-238, to fissile material, e. g. , Pu-239, (positive 

contribution). At the beginning of the nuclear power programme 

the available information indicated that burnups from natural 

uranium could be high enough to make it competitive with 

enriched uranium. However, there were many uncertainties 

in the data and there might well be unsuspected stumbling 

blocks. Moreover accurate data were necessary in designing 

for optimum balance.

An important Chalk River project has been improvement in 

knowledge of nuclear data (fissioncross -sections, neutron
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emission, fission product yields, etc.) and their 

application to burnup predictions. The magnitude of the 

required effort far exceeded Chalk River resources.

Much basic information has been obtained through inter

national co-operation. Chalk River has played a major 

part in stimulating a concerted international effort, first 

through a tripartite committee (U.K. , U. S. A. , Canada), 

then through a Europe an-American committee, and recently 

world-wide efforts through the IAEA. Chalk River 

contributed some basic results, important methods of 

correlating the data for use, and has had a leading place in 

measurements of irradiated fuel reactivity and chemical 

composition.

A milestone in this programme is the satisfactory agreement 

between computer predictions of the reactivity changes and 

attainable burnup in NPD and the operational results. This 

gives confidence in the burnup estimates for the large 

commercial stations.

A10. 2 TWO-PHASE HEAT TRANSFER AND THE EVOLUTION OF 
THE BLW CONCEPT

In the first generation of Canadian power reactors the coolant 

transferring heat from the fuel to the steam generator is 

heavy water. This is an expensive coolant which further 

complicates operations because of the toxicity of its 

tritium content. Nevertheless, its low neutron capture 

rate promises low power costs. The obvious alternative 

of using natural (light) water as coolant is attractive only 

if the amount of water can be kept small to reduce neutron
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capture.

As part of the programme to determine the feasibility of 

using light water coolant, two small hydraulic circuits 

or "rigs" were built, one in the NRX reactor where heat 

could be supplied by nuclear fuel and one in the laboratory 

where simulated fuel could be heated electrically. Work 

with these rigs and associated engineering and economic 

studies of steam, fog and boiling water cooling showed that 

boiling was the most promising. On the basis of these and 

other analyses the Power Reactor Development Program 

Evaluation Committee (PRDPEC) recommended that the 

boiling light water CANDU concept should be pursued as the 

alternative to the existing pressurized heavy water 

concept.

A reactor using boiling light water coolant was developed 

from the conceptual design stage to become the Gentilly 

CANDU-BLW-250 station.

The boiling heat transfer studies centered mainly on 

"dryout"- the condition in a boiling system when the fuel 

surface is no longer wet - since above the dryout point 

the temperature rises rapidly and fuel cladding may react 

with the steam and be destroyed. The dryout point could 

not be predicted accurately enough for design purposes and 

experimental measurements were required on full size test 

clusters beyond the capabilities of the Chalk River rigs. 

Under the terms of the U. S. /Canada co-operative agreement 

on heavy water reactors, a successful set of experiments 

was carried out on a large rig at Columbia University. At
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the same time a rig was built in Hamilton by Canadian 

Westinghouse, under contract with AECL, and further 

tests were carried out. To confirm that dryout in a reactor 

could be predicted from measurements in an electrically 

heated rig, measurements were made in a large fuel 

test-loop in the NRU reactor. As none of these experiments 

could simulate the Gentilly reactor conditions completely, 

much analytical effort was still required to predict the 

performance. An exchange agreement with the United 

Kingdom gave us details of their analytical methods and 

experimental information against which to check our own 

methods.

Now that the design of a boiling water reactor is well in 

hand, continued effort is needed to extend and generalize 

our knowledge of boiling heat transfer. Planned improve

ments to our computing and experimental facilities, 

combined with the technology acquired in the Chalk River 

and Hamilton laboratories, will provide the background 

needed for designing future generations of boiling water 

cooled reactors.

A13. 3. 1 GERMANIUM GAMMA-RAY SPECTROMETERS

Few instruments have had as much impact on their particular 

fields of science as that of the germanium spectrometer on 

nuclear science. Much of the early development work on this 

device was carried out at CRNL, and at RCA Victor in 

Montreal on CRNL development contracts. This device 

first became known in 1962 and development work proceeded 

rapidly at RCA and CRNL during late 1962 and 1963. The
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spectrometers were quickly put to use in physics experi

ments at CRNL and in 1963 and 1964, Drs. G. T. Ewan 

and A. J. Tavendale published several papers, including a 

comprehensive paper in the Canadian Journal of Physics, 

showing the method of preparation, the usefulness and the 

potentialities of this important new detector.

Electrically, this detector is a simple rectifier made from 

a large piece of highly pure single crystal of the semi

conductor element germanium. Special manufacturing 

techniques are involved including "lithium drifting" which 

produces a large sensitive volume for the absorption of 

gamma-rays. The electrical signal produced when a 

gamma-ray is absorbed gives a precise measure of the 

gamma-ray energy - with the aid of a great deal of very 

sophisticated electronic equipment. The resolving power 

of a germanium detector for the gamma-rays emitted by 

a Cobalt-60 source is better than 0. 2 per cent. The 

nearest comparable spectrometer (a scintillator) has a 

resolving power for the same gamma-rays of about 

6 per cent.

Electronic components suitable for use with other types 

of detector proved to be completely inadequate for 

germanium detectors. A whole range of new electronics 

had to be developed very quickly. These range from 

tiny transistor amplifiers to large computer controlled 

analysis and data handling systems.

The basic germanium material was originally developed for 

transistors and similar devices which in recent years
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have tended to ever smaller sizes. The active volume 

of many transistors is about one billionth of a cubic 

centimeter. Germanium spectrometers in contrast must 

be of large volume because high efficiency is needed in 

much of the work for which they are suited. At CRNL, 

detectors with sensitive volumes up to 50 cubic centimeters 

are in daily use and larger ones are needed. For such 

detectors to have a high performance extremely good 

crystals are necessary.

Small defects and impurities which would have little effect 

on transistor production cannot be tolerated in detector 

crystals. Only 5 to 10 per cent of crystals sold as 

suitable for making detectors are capable of being made 

into spectrometers having close to the best possible 

performance. Because of the need for larger crystals of 

optimum quality, a project to grow germanium crystals 

up to 8 cm diameter and up to 1000 cubic centimeters 

volume has been started at the Ontario Research. Foundation. 

So far only a few crystals have been grown and much work 

remains to be done. However, all crystals have been of 

the desired size, and a small piece of one of the most 

recent crystals was made into a high quality 

spectrometer.

Germanium spectrometers are now in use in laboratories 

throughout the world and are made commercially by firms 

in several countries including Canada. Their use will 

increase in laboratories and also in the fields of activation 

analysis and nuclear reactor monitoring. Further gamma- 

ray detector developments can be expected, not only in

Appendix 14



Science Policy 847

the germanium type but in types made from other semi

conductor materials.

B. CRNL Basic Research Projects

(An asterisk indicates that a case history has been prepared. ) 

B1. Nuclear Research

Bl. 1 Experimental Studies using Reactors.

Bl. 1. 1 Gamma radiation following capture of

thermal and resonance neutrons.

Bl. 1.2 Nuclear structure and photo fission by

use of variable energy gamma-ray

Bl. 1. 3 Precision gamma-ray energy measure

ments ; determination of fundamental

physical constants.

Bl. 1.4 Thermal neutron fission; yields, fragment

ranges, neutron emission.

Bl. 1. 5 Thermal and epithermal neutron absorption

and capture cross sections.

B1. 2 Experimental Studies using Accelerators

Bl. 2. 1 14 MeV neutron inelastic scattering by

time - of-flight methods.

Bl. 2. 2 Fast neutron reaction cross sections by

radiochemical methods.

Bl. 2. 3 Heavy ion reaction cross sections.

Bl. 2. 4 Measurements of (d, py), (d, pf) and

(d, tf) reactions with a magnetic

spectrograph with spark chamber.
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Bl. 2. 5 Fission mechanism by channeling -

blocking techniques.

Bl. 2. 6 Particle capture reactions using a

windowless gas target.

Bl. 2. 7 Angular correlations in nuclear reactions

using multicounter arrays.

Bl. 2. 8* Nuclear lifetime by Doppler Shift methods.

Bl. 2. 9 Nuclear quadrupole moments from

Coulomb excitation experiments.

Bl. 2. 10 Decay properties of isomeric states and

short-lived nuclei.

B1. 3 Experimental Studies with Irradiated Material

Bl. 3. 1 Precision measurements of radioactive

source strengths .

Bl. 3. 2 Measurements of radioactive decay

constants.

Bl. 3. 3 Decay schemes of radioactive nuclei by

beta and gamma spectroscopy (energies,

spins and parities of excited states).

B1.4 Theoretical Nuclear Physics

Bl. 4. 1 Binding energies of very light nuclei

using Faddeev equations.

Bl. 4. 2 Methods for determining properties of

nuclear states within the shell (independent

particle) model for light nuclei.

Bl. 4. 3 Approximations to the shell model using

self-consistent method and group theory:

the interpretation of a shell model state in

terms of collective models.
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Bl. 4. 4 Extensions to the shell model from the

general many-body theory.

Bl. 4. 5 Short range particle correlations in nuclei

and their significance for binding energies

and the interpretation of high energy electron

scattering data.

Bl. 4. 6 Studies of nuclear reaction mechanisms.

B1. 5 Theoretical Reactor Physics

Bl. 5. 1 Study of the dynamics of xenon poisoning

of reactors and its control by the use of

ING-type neutron sources.

Bl. 5. 2 Transport theory calculation of neutron

spectra in reactor cells and in ING.

Bl. 5. 3 One-velocity multi-region spherical-

harmonic calculations of neutron fluxes

in reactor cells.

Bl. 5. 4 Calculation of fast neutron fluxes in

reactor irradiations.

Bl. 5. 5 Calculation of thermal neutron fluxes from

moderated antimony-beryllium systems.

B1.6 Theoretical Studies Related to ING

Bl. 6. 1 Space charge effects in the buncher for

a proton linac.

Bl. 6. 2 Theory of coupling in a coupled-cell linac

Bl. 6. 3 Investigation of desirable pole shapes for

quadrupole magnets.

Bl. 6. 4 Accelerator parameters by cost minimization.

Appendix 14

29101—141



850 Special Committee

B1. 7 Other Activities in Mathematics and Theoretical Physics

Bl. 7. 1 Study of circumferential ridging of fuel

elements.

Bl. 7. 2 Calculation of the deposition of radio

active material in a reactor coolant system.

Bl. 7. 3 Mathematical models for calculating

biological dose in humans from uptake of

radioactive material.

Bl. 7. 4 Theory of beta-ray spectrometers.

B1. 8 Tandem Accelerator Physics

Bl. 8. 1 Measurement of equilibrium charge states

of heavy ions passing through solid and gas

strippers (1963).

Bl. 8. 2 Studies of negative ion production.

Bl. 8. 3 Investigation of use of SF^ in accelerators.

B1. 9 Space Physics

Bl. 9. 1 Continuous monitoring of cosmic ray

neutron flux for correlation of modulations

with solar activity.

Bl. 9. 2 Provision of modulation data for the USAF

4th Weather Wing Space Forecast Facility,

NORAD, Colorado, for US Man-in-Space

Programme.

Bl. 9. 3 Quiet and active sun latitude survey using

mobile laboratory.

B2. Materials Research

B2. 1 Crystal Structure by Neutron Diffraction using the

NRX Reactor
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B2. 1. 1 Crystal assembly adaptations leading to

improved spectrometer performance.

B2. 1.2 Structures of pyrochlores and related

compounds.

B2. 1.3 Structures of magnetic alloys.

B2. 2 Lattice Vibrations in Crystals (simple metals, alloys 

molecular crystals, ionic crystals, semiconductors, 

and ferroelectrics) by Neutron Inelastic Scattering 

using the NRU Reactor

B2. 2. 1 Interatomic forces.

B2. 2. 2 Interactions between lattice vibrations and

other lattice vibrations, magnetic

vibrations and electrons.

B2. 2. 3 Phase transitions.

B2. 2. 4 Zero and first sound in solids.

B2. 3* Magnetic Excitations in Crystals by Neutron Inelastic 

Scattering using the NRU Reactor

B2. 3. 1 Interactions between magnetic atoms.

B2. 3. 2 Interactions between magnetic and other

excitations.

B2. 3. 3 Spin-orbit interactions and crystal fields.

B2.3.4 Phase transitions.

B2. 4 Structural Dynamics of Liquids

B2. 4. 1 Measurement of inelastic neutron scattering

distribution for liquid argon.

B2. 4. 2 Experimental study of superfluid liquid

helium by neutron inelastic scattering.
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B2. 4. 3 Theoretical studies of slow neutron

scattering in atomic and molecular

liquids (and associated problems in light

scattering and infra red absorption).

B2. 5 Studies of Momentum Distributions of Electrons in 

Condensed Matter by Annihilation-Radiation Angular 

Distributions

B2. 6 Ion Penetration and Atomic Collision Processes in 

Solids

B2. 6. I* The movement of ions in amorphous and

crystalline solids, with emphasis on

channeling in crystals.

B2. 6. 2 Factors influencing the positions assumed

by foreign ions when implanted as energetic

ions in semi-conductors.

B2. 6. 3 Theory of electronic stopping of ke V ions

B2. 6. 4

(Zj oscillations)

Theory of sputtering of amorphous targets

by heavy ions.

B2. 7 Atomic Migration in Solids

B2. 7. 1 Solute and self diffusion in metals and

ceramics.

B2. 7. 2 Migration of point defects and defect

clusters produced in crystalline solids by

neutron, proton and heavy ion irradiation.

B2. 7. 3 Plastic deformation and recovery processes

in metals.
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B2. 7. 4 Use of nuclear reaction techniques to

measure atomic migration in thin oxide

B2. 3 Structure-Sensitive Properties of Materials

B2. 8. 1 Relation between microstructure of metals

and their mechanical properties.

B2. 8. 2 Nucléation and growth of gas bubbles in

irradiated metals and effect on mechanical

properties.

B2. 8. 3 Direct observation of atomic-size defects

in solids using high resolution electron

microscopy techniques.

B2. 9 Physics and Chemistry of Surfaces

B2.9. 1* Processes controlling oxidation rates of

metals.

B2. 9. 2 Effects of irradiation on the kinetics of

metal oxidation.

B2. 9. 3 Electrical properties of oxide films at

elevated temperatures.

B2. 9. 4 Study of oxide films on metal sub-strates by

electron microscopy and electron diffraction.

B2. 9. 5 Chemical interaction of thin oxide films

with metal sub-strates.

B2. 9. 6 Factors influencing the initiation and

propagation of cracks in metals and metal-

ceramic composites.

B2. 9. 7 The mechanism of oxide growth at metal

electrodes.
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B2. 9. 8 Factors affecting the sorption of fission

product ions from aqueous and organic

media on metal and metal oxide surfaces.

B2. 10 Effects of Ionizing Radiations on Materials

B2. 10. 1 The mechanism of the initial chemical

changes produced in vapours by electron

pulses.

B2. 10. 2 The study of radicals and electrons condensed

from vapours irradiated with helium ions,

using electron spin resonance spectroscopy.

B2. 10. 3 Charge transfer and electron capture

processes in the radiolysis of hydrocarbons.

B2. 10. 4 The properties of electrons, ions and

radicals produced in organic glasses and

single crystals by gamma-radiation.

B2. 10. 5 The effects of dose, dose-rate, linear

energy transfer and additives on the

mechanism of radio lytic reactions, including

dosimetry.

B2. 10. 6 The mechanism of the interaction of beta-

particles with tissue equivalent materials.

B2. 10. 7 The mechanism of the interaction of

radiation with low atomic number elements

of biological significance.

B2. 10. 8 The radiolysis of simple molecules absorbed

on solids of large surface area.

B2. 10. 9 Radiation damage from neutron and proton

bombardment of metals, ceramics and semi

conductors .

Appendix 14



Science Policy 855

B3.

BZ. 10. 10 Direct observation of radiation damage

produced in metals during ion bombardments 

in the electron microscope.

BZ. 11 Hydrogen-Deuterium Isotope Effects

BZ. 11. 1 The influence of electrode characteristics 

on the electrochemical H-D separation 

factor in aqueous systems.

BZ. 11. Z The deuterium isotope effect and the 

molecular dynamics of organic-water 

systems.

BZ. 11. 3 Hydrogen bonding and isotope exchange in 

in non-polar solvents.

BZ. 1Z Analytical Science

BZ. 1Z. 1 Physical and chemical methods for the 

analysis of materials used in the atomic 

energy programme, e. g. heavy water, 

reactor fuels and structural materials.

BZ. 1Z. Z Nuclear methods such as radioactivation

and nuclear scattering for analytical purposes.

Biological Research

B3. 1 Mechanisms of Sensitivity, Resistance, Repair and

Protection of Living Systems to Radiation 

B3. 1. 1 Experiments to describe effects on a 

subcellular and molecular level.

B3. 1. 1. 1 Biochemical events in cells 

following irradiation.

B3. 1. 1. Z Characterization of mammalian 

cell membrane structure and its 

changes following irradiation. 
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B3. 1.1.3 Characterization of basic proteins

in cells, their biological role,

and effects of irradiation.

B3. 1. 1.4 Repair of radiation induced

damage in DNA of micro-organisms

B3. 1.1.5 Repair of damage in DNA produced

by radiomimetic agents.

B3. 1.2 Experiments on whole organisms

B3, 1.2. 1 Lethal sectoring in yeast

following irradiation.

B3. 1.2. 2 Genetic studies of repair of

mutated DNA in yeast.

B3. 1.2. 3 Protective role of calcium in

promoting survival of irradiated

rats.

B3. 1.2. 4 Control mechanisms in tumour

growth.

B3. 1.2. 5 Protective role of bone marrow

transplants in animals following

irradiation and identification

of stem cells.

B3. 2 Consequences of Radiation on Living Systems

B3. 2. 1 Congenital malformations in embryos 

following irradiation of fish sperm.

B3. 2. 2* Record-linkage by computers to study

mutation incidence in human populations 

B3. 2. 3 Radiation dose effects on mutations in

insects.
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B3. 2. 4 Radiation induced injury in insects.

B3. 3 Effects of Radiation and Radioactive Substances on 

the Environment

B3. 3. 1 Rate of movement of radioactive substances

through water, soil and air.

B3. 3. 2 Fate and transport of radioactive substances

through the food chain of man.

B3. 3. 3 Dye-dilution studies to investigate the

dilution regimes of rivers and lakes.

B3. 3. 4 Studies to obtain information to carry out

safe and effective radioactive waste

management.

B3. 4 Uses of Radiation and Radioactive Substances

B3. 4. 1 Procedures for the identification and

measurement of important biological

macromolecules.

B3.4. 2 Radioactive labelling of blackflies to study

population, dispersal, and migration.

B3.4. 3 Study of the evaporation of water from

lakes using tritiated water.

B3. 4. 4 Study of the movement of water through the

biosphere by measuring natural and bomb tritium.

B3. 4. 5 Study of the metabolism of water in humans

using tritiated water.

B3.4. 6 Dating of ground water by measurement of

tritium in tree rings.

B3. 4. 7 Study of atmospheric diffusion using argon-41
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B3. 5 Detection and Measurement of Radiation and

Radioactive Substances

B3. 5. 1 Measurement of airborne radioactive 

iodines.

B3. 5. 2 Measurement of tritiated water in a reactor 

environment.

B3. 5. 3 Dosimetry of neutrons by fission fragment 

damage in mica, glass and plastic.

B3. 5. 4 Dosimetry of radiation by thermoluminescent 

detectors, such as lithium fluoride.

CASE HISTORIES

Bl. 2 EXPERIMENTAL STUDIES USING ACCELERATORS 

B1. 2. 8 Nuclear lifetimes by Doppler Shift methods;

In much the same manner as atoms were studied by 

atomic spectroscopy, nuclei are studied by nuclear 

spectroscopy. However, the techniques of nuclear 

spectroscopy are very different. They involve the use 

of large particle accelerators and complex detection 

systems to measure the gamma rays or particles 

ejected during a nuclear reaction.

Much of the study of Nuclear Physics has taken the form 

of comparing with experiment the predictions of various 

models of the nucleus for the spectroscopic properties, 

energy, angular momentum and parity. It is 

necessary to use models because calculations based 

on fundamental properties, such as the forces between 

the nucleons that make up the nucleus, are impossible 

at the present time. There are currently several
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models, for example the shell model, the collective 

model, the unified model and the SU^ model, and it 

is of great interest to evaluate their applicability.

One critical test of the validity of a model lies in its 

prediction for the electromagnetic transition rate from 

one excited state to another. These rates can be 

determined if the lifetime of the excited state is known 

but as many of the interesting lifetimes lie in the 

range 10™^ to 10"^ secs, special techniques must be 

used to measure them.

Because CRNL had available to it large detectors of 

gamma radiation and an accelerator capable of 

accelerating a variety of projectiles to precisely 

controlled energies, CRNL was in a good position 

to exploit one of these techniques, the shift in the 

energy of a gamma ray when it is emitted from a 

moving source (the Doppler effect, known to everyone 

who has listened to the change in pitch of the whistle 

of a passing train). The size of this shift in energy 

depends on the velocity of the moving source, and 

for the recoil velocities typical of reactions induced 

by an MP Tandem accelerator the shift is between 

0. 5 and 5 per cent. The advantage of the Ge(Li) 

detector is that it combines energy resulution good 

enough to measure such small changes with a 

reasonable detection efficiency.

Two rather different methods are used. The first, 

called the Doppler Shift Attenuation Method, makes
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use of the fact that the slowing down times of the 

nuclei recoiling from a nuclear reaction are about 

10"13 seconds in a solid material and differ in 

different materials. The time depends on the nature 

of the recoiling ion and the stopping material so that 

a range of lifetimes from 5 x 10"12 secs to about 

10~*^ seconds can be determined in this way.

In the second method, the nuclei excited by a reaction

recoil freely in a vacuum (after leaving the target)

-13until they are quickly stopped, in about 3x10 

secs, by a movable plunger. Because of the Doppler 

shift, the energies of the gamma rays emitted by the 

stopped and moving nuclei are different. Knowing 

the velocity of the recoiling ions, and hence the time 

it takes them to reach the plunger, it is possible to 

obtain lifetimes in the range 10™^ to 10"^ secs.

Once again it is necessary to have the good energy 

resolution of the Ge(Li) detectors and the ability to 

accelerate heavy ions to precisely known 

energies.

The lifetime range covered by Doppler Shift measure

ments is well suited to studying electric quadrupole 

(E2) and electric oc tup ole (E3) transitions between 

bound levels of nuclei in the s-d shell, that is from

to a. The studies have shown that in nuclei 

24near Mg, there are certain bands of levels, and 

the E2 transitions between the levels of any given 

band are greatly enhanced. These bands are similar
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to the rotational bands observed in heavy nuclei and 

show that collective effects resulting in quadrupole 

deformations are important in light nuclei. The 

enhancements are about a factor of 20, in other words 

the rate is 20 times that expected from the transition 

of a single nucleon. The experimental data on E3 

strengths are less extensive but these appear to be large 

near *^0, decrease towards ^Mg and then increase 

again. Studies of the E3 strengths will show whether 

octupole and higher order deformations are important 

. in these nuclei.

B2. 3 MAGNETIC EXCITATIONS IN CRYSTALS BY NEUTRON 
INELASTIC SCATTERING USING THE NRU REACTOR

Neutron inelastic scattering gives information about the relation

ship between the energy and momentum of the wave-like motions 

in a crystal. Examples of such wave-like motions are sound 

waves which are very low frequency lattice vibrations (phonons). 

Magnetic systems show analogous wave-like modes (magnons). 

Neutrons are capable of exciting or detecting such vibrations 

which have frequencies in the neighbourhood of 10*^ cps.

Studies of magnons give information on the interactions which 

determine magnetic properties. The information derived 

pertains largely to phenomena at the fundamental, wave 

mechanical level but properties of macroscopic practical 

interest may also be elucidated.

Studies of the relationships between energy and momentum 

for phonons and magnons in uranium dbxide (UO2) have 

contributed to a basic understanding of the properties of
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this industrially important material. A theory derived from 

the phonon behaviour can be used to calculate lattice specific 

heat and other thermodynamic quantities. Measurements of 

magnetic excitations near and below 30°K, the temperature at 

which the lattice becomes antiferromagnetic, have revealed 

a strong interaction between magnons and phonons and have led 

to deeper insights in the theoretical description.

Several experiments have been carried out on materials 

containing cobalt ions either naturally as a molecular constituent 

or artificially as a dopant.

Among the materials studied in this series is cobalt fluoride 

which has a body-centered tetragonal structure and becomes 

antiferromagnetic below 37. 7°K. Experiments on this 

complicated material were carried out at several temperatures 

above, near and below this transition temperature. An 

important conclusion from these measurements is that the 

collective magnetic excitations continue to occur well above 

the transition temperature. This surprising result is in dis

agreement with current theories of magnetism.

In another experiment the low-lying lattice vibrations and 

magnetic excitations of cobalt oxide were studied near its 

antiferromagnetic transition temperature at 293°K. The 

lattice vibrations are similar to those of rock salt which has 

•the same crystal structure. For the paramagnetic phase 

(above 293°K) analysis of the neutron scattering results 

revealed that one of the fundamental interactions of the cobalt- 

ion electrons (spin-orbit interaction) was unexpectedly much 

less in the crystal than its value in the free ion. In the
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antiferromagnetic phase, analyses of the neutron scattering 

results gave information about the lower energy levels of the 

Co^ ion.

In a third experiment of this group, the spin wave magnetic 

excitations of MnF£ doped with 5 per cent of CoF2 were studied 

at 4. 2°K. In addition to excitations characteristic of the 

pure MnF£ » a higher frequency mode was observed that is 

identified as a localized magnetic mode associated with the 

cobalt impurities. This behaviour can be accounted for by a 

theory involving a cluster of host ions surrounding the impurity 

ion.

Neutron scattering experiments in the rare earth metals have 

contributed to knowledge of their dynamical properties. In 

general, rare earth metals are neither ferromagnetic nor anti

ferromagnetic but their magnetic moments can align in more 

complicated patters such as cones and spirals and the material 

may assume more than one magnetic phase depending on the 

temperature. The relationship between energy and momentum 

of the magnetic excitations has been measured in erbium 

(conical structure) and holmium (spiral and conical). The 

results give information on the magnitudes of magnetic 

interactions and the internal electric fields in these materials.

B2. 6 ION PENETRATION AND ATOMIC COLLISION PROCESSES 
IN SOLIDS

B2. 6. 1 The movement of ions in amorphous and crystalline 

solids, with emphasis on channelling in crystals:

A matter of fundamental interest and practical 

importance in nuclear and material science is the
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distance through which a heavy ion, such as a 

xenon atom with an electron removed, can move 

in a solid before losing all its initial energy and 

coming to rest. Information on this topic contributes 

to our understanding of such things as the mechanism 

of energy loss, the nature of forces between atoms 

in solids, and the structure of solids.

N. Bohr, in 1948, and other scientists in the interim 

have made theoretical contributions to the subject 

but because the distances involved are very small, 

about 0. 0001 cm, tests of the theory had to wait 

until the late 1950's for the development of suitably 

refined methods of measurement. Such measurements, 

using a combination of radio-tracer techniques and an 

electrochemical method for sectioning solids a few 

atom layers at a time, were in progress in CRNL 

laboratories from 1957 to 1962 and were giving much 

information about the distribution of ranges of ions 

in amorphous and polycrystalline solids. On the 

whole our observed ranges confirmed theoretical 

predictions but toward the end of this period 

we found that a small fraction of the ions penetrated 

to depths as much as 10 times the mean range in 

polycrystalline material. This was a completely 

unexpected observation, unaccounted for by existing 

theories.

The explanation came from scientists at USAEC's 

Oak Ridge Laboratories who had been making
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rigorous calculations of range distributions for 

heavy ions in crystals using a computer. They 

found that their calculated distributions had a 

very penetrating component whenever a regular 

arrangement of atoms was used in their computations 

and they suggested that when an ion enters a crystal 

within a small angle of a close packed row or plane 

it becomes channelled, i. e. it is steered along the 

open tunnels or channels in the crystal by many 

successive collisions with the atoms in the rows 

that form the channel.

Further experimental tests were quickly mounted at 

CRNL and elsewhere. These fully confirmed the 

channelling concept. An accurate theoretical 

description of the steering mechanism has since 

been developed, largely by Danish scientists.

Further theoretical and experimental research 

is in progress at CRNL and other laboratories, so 

that channelling is now established as a rather general 

phenomenon occurring in crystals with all atomic 

particles with energies from 0. 1 to 100 MeV.

A consequence of channelling is that processes requiring 

a close encounter between ions moving in the channel 

and atoms in the crystal lattice are prohibited, 

although reactions will occur in well-under stood 

ways when the ions are moving at random angles with 

respect to the crystal lattice. Nuclear reactions, 

x-ray production and wide-angle Rutherford 

scattering are typical of such processes. By applying
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our knowledge of these processes to the observations 

obtained from channelling experiments, information 

about the position of impurity atoms in crystals, 

crystal structure and orientation, lattice defects and 

radiation damage and annealing has been deduced at 

CRNL. Furthermore, the line of argument can be 

reversed and channelling results can lead to 

information about nuclear processes. This approach 

forms the basis of a research project on nuclear 

fission at CRNL.

Thus channelling is now a rather well understood 

phenomenon. It is a fascinating example of the 

interplay between nuclear and materials science 

and is certain to coitribute to our further understanding 

of these matters.

Several fruitful international conferences on ion 

penetration and atomic collision studies have been 

held. The latest one was at Chalk River in 1967. 

Representatives from Canadian universities and 

industry and a number of visitors from other 

countries attended.

B2. 9 PHYSICS AND CHEMISTRY OF SURFACES

B2. 9. 1 Processes controlling oxidation rates of metals:

One of the most significant advances contributing 

to the establishment of economic nuclear power 

plants has been the development of zirconium alloys 

having low oxidation rates in water at 300°C. Such 

alloys are used in Canadian reactor cores for fuel
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sheathing and for pressure tubes. If future reactors 

are to be operated at appreciably higher coolant 

temperatures, say 500°C, new, more corrosion- 

resistant, alloys must be perfected.

Zirconium is a very reactive metal chemically with 

a high affinity for oxygen and nitrogen. It owes its 

compatibility with high temperature water to the 

formation of a protective oxide layer only a few 

microns thick. Thus there is a large incentive 

to search for a comprehensive understanding of the 

mechanisms controlling the growth and properties 

of such thin oxide films on zirconium and its alloys. 

As a consequence a basic research project was 

launched to investigate the thermal oxidation of 

zirconium and possible irradiation effects on the 

processes involved.

One of the first questions to be answered was on the 

relative mobilities of the zirconium and oxygen ions 

in the oxide film. Radioactive .rare gas atoms 

were injected to a definite depth of a few hundred 

Angstroms below the surface of the metal in a mass 

separator. The metal was then anodized and 

successive thin layers of the oxide of about 20‘X 

were removed by vibratory polishing. A measure 

of the residual radioactivity in these layers indicated 

that oxygen was the mobile species. Other studies 

on anodic films showed that movement of zirconium 

ions was less than 1 per cent of the total.
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Oxygen ion transport was examined in further detail 

by oxidizing alloys first in normal oxygen and then in 

017-enriched gas. The resulting diffusion profile 

was determined by irradiating the specimens in a 

Van de Graaff accelerator with He^ ions and measuring 

the alpha particles emitted from the reaction 

0^(He^, a)O*^. From the results it was deduced 

that oxygen was being transported by a line or surface 

diffusion process perhaps along crystallite boundaries 

at a rate of some 104 times that for bulk diffusion 

at 400-500°C.

Examination of thin films by transmission electron 

microscopy has revealed that the oxide is not completely 

crystalline but contains some portion of amorphous 

material which varies with the alloy composition. Since 

appreciable oxygen ion transport may be occurring 

via these amorphous regions, the oxidation rate could 

be markedly affected perhaps by changing the 

nucléation and growth of crystallites within the oxide 

film.

Orientation of the crystallites on the metal sub-strate 

may also be of importance. Hence detailed crystallo

graphic and morphological studies of expitaxial zirconia 

are under way using electron diffraction together 

with transmission and scanning electron microscopy. 

Electron transport through oxide films on zirconium 

and Zircaloy-2 has been shown to occur primarily at 

a few sites where the resistivity is abnormally low.
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These correspond with the sites of intermetallic 

particles in Zircaloy-2 but even in crystal bar 

zirconium there are still about 100 sites per cm2 

which are thought to be coincident with areas of 

impurity segregation.

Several techniques have been developed to determine 

the nature and frequency of defects such as cracks 

and pores in zirconia films. The scanning electron 

microscope has proved particularly valuable for studying 

surface topography and to examine defects in the 

100-1000 9v wide region. Mercury porosimetry and 

impedance measurements have provided useful data 

also since they revealed the presence of small pores 

of less than 100 9V radius which had not been observed 

in the electron microscope.

Now that a better understanding of the oxidation process 

has been obtained in the absence of ionizing radiation, 

in-reactor experiments are being planned. The results 

should provide the basis for a sound approach to the 

specification of the desired alloys of the future.

B3. 2 CONSEQUENCES OF RADIATION ON LIVING SYSTEMS 

B3. 2. 2 Record linkage by computers to study mutation 

incidence in human populations:

In addition to carrying out more conventional kinds of 

research on the biological effects of ionizing radiation, 

AECL has developed computer methods for studying 

the consequences of naturally occurring mutations in 

humsm populations.
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Information on the importance of naturally occurring 

mutations in man is required in order to predict 

the consequences of a radiation-induced increase in 

the rate at which the mutations occur. Human 

pedigree information is needed for such studies and, 

to obtain this in larger quantities than would be 

possible by conventional means, computers have been 

used to compile family histories from existing large 

files of vital and health records already available 

in machine readable form. In essence, the method 

makes it possible to match and "link" together 

independently derived records relating to the same 

individuals or families.

Since rapid procedures for "record-linkage" were 

first demonstrated at Chalk River, other projects 

using similar methods for a variety of research 

purposes involving follow-up of people have been 

initiated at a number of centres around the world 

(Pavia, Oxford, Reykjavik, Maryland and Honolulu). 

There have been two international conferences on 

record linkage. Official reports on its uses for 

medical research have now been produced in Britain, 

Northern Ireland, the United States and Canada, and 

by the World Health Organization.

A unique feature of this use of computers is that the 

machine is asked to exercise something akin to the 

subjective judgment of a human filing clerk. Since 

no universal system of personal identity numbers is
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as yet in general use in Canada, the computer has to 

decide on the basis of names, ages, birthplaces, and 

such, whether a pair of records does, or does not, 

relate to the same person or family.

Currently linked into family groupings by these 

methods are records of live births, stillbirths, 

registered handicaps and deaths, together with 

parental marriage records . pertaining to some 

ZOO, 000 children born in British Columbia over a 

six-year period (1953-58). The family files are 

now being extended to include 1, 000, 000 children 

born over a 20-year period (1946-65), and plans 

are being tested for building multi-generation 

pedigrees using the marriage records as links between 

the generations.

Even in this early stage the study has yielded a steady 

flow of data of many kinds, relevant both to the 

initial objective and to other scientific questions.

The cost of the approach will decline as multiple uses 

are found for the linked files of records. For example, 

family linkage of the vital records can also provide 

detailed information on the patterns of family formation, 

of kinds currently sought by demographers and 

previously unobtainable. Another use that is being 

considered for the linked vital records is to follow 

up miners who may have been exposed to radon to 

determine the risk of death from respiratory cancer.
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AECL has collaborated with a number of other 

government agencies in Canada to encourage more 

general use of the approach so that future applications 

will become increasingly economical.
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WHITESHELL NUCLEAR RESEARCH ESTABLISHMENT

The period 1962 to the present represents the period of 

inception and growth of WNRE. During the first formative years 

the main programme was the development and proving of the organic- 

cooled CANDU concept. This work started at CRNL; from 1963-65 

the programme was pursued both there and at WNRE; by mid- 1965 

the total effort had moved to WNRE. The end of that year saw the 

culmination of much of the development in the successful startup of 

the WR-1 reactor. From then to the present the reactor has afforded 

a striking demonstration of the technical feasibility of the organic- 

cooled concept.

During 1966, the organic reactor project began to be de- 

emphasized within AECL and effort was switched to new projects, 

many of which had their genesis in the organic programme. Research 

and development in the field of nuclear materials science is now the 

primary role of WNRE. Its purpose is to develop materials for nuclear 

power reactors that will stand up to considerably higher temperatures 

than do the materials developed to date.

Major projects are listed below. Most were in existence, 

or were started, between 1966 and 1967; the starting dates of newer 

projects are indicated in brackets. The types of project now being 

undertaken illustrate the changed role of the WR-1 reactor from a 

test-bed for the organic-cooled reactor concept to that of a highly 

utilized materials test reactor. This is being accomplished by up- 

rating thermal flux, by supplying special facilities in which high fast 

neutron fluxes are available and by the addition of loop facilities. For 

the future, increasing the core size from 37 to 55 sites will also
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greatly improve its usefulness, with better return from its unique

advantage

C.

of high temperature operation.

WNRE Research and Development Proiects

Cl. Reactor Coolant Technology

Cl. 1 Radiation Chemistry

Cl. 2* Purification and control of impurities in

organic coolant

Cl. 3 Mass transfer and film formation

Cl.4* Toxicology of organic coolant

Cl. 5* Radiolysis

Cl. 6 In-line analytical instrumentation

C2. Fuels

CZ. 1* Uranium carbide

C2. 2 Uranium oxide

C2. 3 Graphite based fuels

C2.4 Fuel processing after irradiation

C3. Materials

C3. 1 Zirconium alloys :

C3. 1. 1 Hydrogen migration and morphology

C3. 1.2* Ozhennite--a higher temperature alloy

C3. 2 Ceramic Materials

C3.2.1 Fabrication

C3. 3. 3 Engineering of brittle materials

C3.2.3 Properties

C3. 3 Fracture and Crack Propagation

C3.4 Non-destructive testing
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C4. Ecology and Radiation

C4. 1 Survey of prairie and Canadian Shield species

C4. 2 Biogeochemical cycling in insects

C4. 3 Stress mechanisms in small mammals

C4. 4 Effects of radiation on hybridization

C5. Study of Reconstituted Membranes

C5. 1 Permeability to sodium ions and bactereophage

C5. 2 Irradiation effects on phospholipid membranes

C6. Reactor Control

C6. 1* Automation of boron concentration control

CASE HISTORIES

Cl - 2 CONTROL OF IMPURITIES IN ORGANIC COOLANT

A major breakthrough, without which the organic programme 

would have failed, was the discovery that control of 

impurities in the coolant was vital not only to the pre

vention of film formation on heat transfer surfaces but also 

to the successful use of zirconium alloys in organic media.

It was found mandatory that the chlorine concentration in 

the coolant should be controlled to less than 0. 2 ppm and 

that water should be present in the range 100-200 ppm.

The discovery of these effects and the development of methods 

for purity control required the combined efforts of the 

chemist, metallurgist and the chemical and mechanical 

engineer.

Cl. 4 THE TOXICOLOGY OF ORGANIC COOLANTS

This work has been undertaken at CRNL and WNRE since 

the adoption of the organic cooled reactor programme by
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Cl. 5

C2. 1

C3. 1.

AECL. The work has enabled the previously approved 

levels for organic coolant in air and in water to be con

firmed and has given rise to other related projects which 

continue to be studied. The papers relating to this project 

were published during the period 1965-1968.

RADIOLYSIS OF COOLANTS

Studies of molecular species such as those found in 

organic coolant have not only found application in the 

nuclear reactor but have given basic understanding of the 

processes involved in the interactions of ionizing radiation 

with matter. Several papers have been published and the 

work continues as a matter of basic scientific interest. 

URANIUM CARBIDE

Uranium carbide has been developed as a high density fuel 

for use in organic coolant. Together with Canadian industry 

WNRE has developed a method for fabricating a fuel element 

that is cheaper than those available from any other country, 

and whose behaviour has been demonstrated to a burnup of 

at least 15,000 MWd/te.

OZHENNITE

A very important development to emerge from the organic 

programme has been the zirconium alloy, Ozhennite, which 

has superior resistance to corrosion and hydriding at higher 

temperatures than Zircaloy-2, Zircaloy-4 or zirconium- 

niobium alloys. This alloy, first disclosed by the Russians 

in 1958 but neglected by them since then, was chosen by 

WNRE metallurgists for its potential in the organic medium, but 

tests have subsequently demonstrated that it also possesses
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a very significant potential as a fuel cladding material for 

use at high steam qualities and temperatures at least as 

high as 450°C. At first Ozhennite was little more than a 

laboratory curiosity but the combined efforts of metallurgists 

and engineers have resulted in a product which can be 

easily fabricated in industry both as fuel cladding and 

pressure tubes. In-reactor proof tests are now under way 

in WR-1 and in loops in the Chalk River reactors.

C6. 1 REACTIVITY CONTROL

A method has been developed for the automatic control of 

the concentration of boron added to the WR-1 moderator.

This allows better control of reactor power and more 

efficient fuel utilization, and will find applications in the 

CANDU reactor type.

POWER PROJECTS

The chief project in the years 1962-67 was the construction 

and commissioning of the Douglas Point nuclear power station.

The purpose of this project was to test the technical and 

economic feasibility of employing natural uranium heavy water moderated 

and cooled reactors as the primary energy source in large electrical 

power generating stations.

The concept of the plant was based on nuclear and reactor 

physics data and materials research carried out, in large part, at the 

Chalk River'Nuclear Laboratories.

The prototype station has a net capability of 208. 000 kilowatts 

and went into service in 1967. It took six years to build at a total cost 

of $89 million. The energy produced is sold to Ontario Hydro at the
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same rate Ontario Hydro pays to interconnected utilities for energy.

At the present time the station is being worked up to full, 

mature operating reliability and efficiency. Its operational performance 

and characteristics are being studied, and modifications are being 

made and tested, to guide the evolution of the design. It is achieving 

the purpose for which it was built and the results are promising.

When the plant1 s-mature operating characteristics are 

established it will be sold to Ontario Hydro at a price to be negotiated, 

which will represent approximately the plant's economic worth on the 

Hydro system. The sale price will defray a large proportion of the 

capital outlay.

The Company's Power Projects organization carried out the 

design and development of the nuclear steam generating plant for 

Douglas Point and is doing similar work for the Gentilly station,for 

Ontario Hydro's Pickering station and for the Rajasthan station for 

India.

This work entails many detail development projects; 570 

such projects have been carried out or are currently in process. Typical 

examples are:

Douglas Point steam generator development 

Reactor control by poison injection 

Electrochemical effects on pump seals 

Heat exchanger tubesheet development 

Stainless steel tube fitting tests

Discharge rates of high enthalpy water from pipes 

Protective clothing for radioactive areas 

Endurance testing of bellows seal valves
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Enthalpy change in D^O

Controlled freezing of large diameter pipes 

Pickering reactor building relief valve 

Ion exchange resin transport in pipes

- as a slurry

- dry, using compressed air

Remote manipulator for fuelling machine vault use

Reactivity control by neutron absorbing fluid (zone control)

Electromagnetic flowmeter

Douglas Point booster rods

Pickering adjuster and shutoff rods

Gentilly booster rods

Primary pump testing - Douglas Point

- Pickering

- Gentilly

Radiation resistance of elastomers 

Radiation resistance of lubricants 

Plasma arc pipe welding

Case histories are offered of four other examples of detail development 

projects:

1. On-load fuelling machines for power reactors

2. Mechanical shaft seals for pumps

3. Automatic tube welder

4. A steam Compressor 

CASE HISTORIES

FUELLING MACHINES

To permit uninterrupted power production from Canadian
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nuclear power reactors it was necessary to design and 

develop equipment that would change reactor fuel with the 

reactor operating at a temperature of approximately 550°F 

and at a pressure of 1,400 pounds per square inch.

The fuelling machines for the Douglas Point nuclear 

power station and their control systems were designed 

by AECL Power Projects and were manufactured by 

Standard Modern Tool Co. The prototype mechanical 

equipment and the control system were installed in the 

Power Projects laboratory and underwent extensive testing 

and development. Modifications, where necessary, were 

made by the manufacturer if they involved a significant 

amount of rework, or by AECL laboratory shops in the 

case of minor changes.

The prototype fuelling machine, controls, testing 

facility and modifications cost approximately $2 million 

and involved Canadian industry and AECL staff for approxi

mately six years.

Three fuelling machines for Douglas Point and four for 

a similar station in India have been based on the prototype, 

and the fuelling machines for the Pickering station are 

larger versions derived from the same design.

ELLIPTICAL SHAFT SEALS FOR CENTRIFUGAL PUMPS 

Dependable pumps are a necessity on high temperature-high 

pressure water circuits of power reactors. Leakage at the 

pump glands must be low and mechanical shaft seals are used 

to meet this requirement. However, mechanical shaft seal
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failures resulting in large leakage rates have caused 

many pump outages.

Early in the Douglas Point programme AECL 

development laboratory personnel found it necessary to 

start a seal design-development program due to the high 

failure rate of mechanical shaft seals on the test loop 

pumps. The normal mechanical shaft seal is composed 

of two circular rings, rectangular in cross section, with 

rubbing contact between one end face on each. One ring 

is stationary and sealed to the pump case, the other ring 

rotates with, and is sealed to, the pump shaft. This 

latter ring is spring loaded to maintain face contact with 

the stationary member. The failures on this type of seal 

appeared to be occurring due to overheating of the rubbing 

faces, which in turn could be attributed to a lack of lubri

cation, which of necessity must be by the water being 

pumped. Laboratory personnel designed and had manu

factured one of the circular seal rings with the end contact 

surface machined to provide an elliptical contact surface.

The sealing surface on the mating circular ring is exposed 

to the water over much of the contact width each revolution 

and in this way it is lubricated and cooled.

This type of seal was installed in the Power Projects test 

loop pumps where it has performed well. Seal failures on the 

primary pumps of the NPD reactor at Rolphton were causing 

concern so the same AECL personnel designed and had 

manufactured elliptical shaft seals for some of these pumps. 

These seals have also performed well.
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AECL holds the patent on the elliptical seal and has 

arranged with Champlain Power Products Ltd. to sell seals to 

the pump industry in general. This same manufacturer 

has produced elliptical seals for the Pickering primary 

pumps and a set of the seals has al so been manufactured 

for the Douglas Point pumps.

AUTOMATIC TUBE WELDER

In nuclear power stations there is a great deal of metal 

tubing in sizes from one-quarter to three-quarters of an 

inch in diameter. It is usual to connect tubing using 

mechanical tube fittings. However, very few types of 

tube fitting meet the acceptable levels of leak tightness 

and safety and those that do meet the requirements are 

quite expensive.

To minimize leakage and tube fitting costs, it was 

decided to weld tubing joints wherever possible. The first 

AECL automatic tube welder for development purposes 

was made by John Inglis Ltd. to Power Projects 

requirements. Further testing and development was carried 

on between AECL and the manufacturer until the unit was 

acceptable for site use. Three automatic welding heads 

and two power supplies were provided for use at Douglas 

Point and several thousand tubing joints were made with

Further development work has been done by the AECL 

Sheridan Park laboratory and improved tube welders, based 

on this development, have been purchased from Master

Mechanical Manufacturing Co. for Ontario Hydro Pickering station.
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STEAM COMPRESSOR

The decision to design and build a boiling light water 

reactor (Gentilly) led to a requirement for the Power 

Projects development division to find a fairly efficient 

way of simulating the boiling in the reactor coolant 

channels. This required steam and water to be delivered 

to the fuel test sites in separate supply pipes and fed into 

the fuel test channels in the required ratio.

The most efficient way to deliver the steam was by 

pumping it, and a centrifugal type steam compressor 

appeared to be the most logical method. However, no 

steam compressor of the size needed had ever been built.

A contract was placed with Hawker Siddeley Ltd. for 

the design and manufacture of the compressor. This unit 

has a capacity of 38,000 pounds of steam per hour at a 

differential pressure of 300 pounds per square inch. The 

casing design pressure is 1,600 pounds per square inch. 

The unit is driven by a 1,000 horsepower, 3,600 RPM 

electric motor.

The production of a prototype of this kind is a develop

ment project and considerable trial, modification and re

construction are entailed before a satisfactory operating 

unit is achieved. This development work was carried out 

jointly by the Power Projects laboratory and the manu

facturer.
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COMMERCIAL PRODUCTS

The major part of the work undertaken can be classed as 

development, the remainder being applied research. Over the 

period 1962-1967 sets of projects were carried out in the following 

programme areas.

1962- 63 1)

2)

3)

4)

5)

6) 

7)

1963- 64

1964- 65

1965- 66 1)

2)

3)

4)

5)

6)

1966- 67

1967- 68 

CASE HISTORIES 

POTATO IRRADIATION

Gamma Irradiation Development

Radiotherapy Development

Food and Drug Irradiation

Isotope Process Development

Instrument Development

Neutron Source Development

Radiation Chemistry Research

same as 1962-63

same as 1962-63, less No. 6

Gamma Irradiation Development

Medical Applications Development

Food Irradiation

Isotope Process Development

Nuclear Instrumentation Development

Radiation Chemistry Research

same as 1965-66, plus Neutron Applications

same as 1966-67, plus Isotope Power Sources

Research and development on the inhibition of sprouting 

in potatoes by treatment of the harvested crop with gamma rays was 

undertaken in the late 1950s and terminated in 1964. The work 

involved studying chemical organoleptic, cooking, nutritional
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characteristics and storage effects in irradiated potatoes as a function 

of gamma dose.

Information from these studies, in conjunction with information 

from Russia, the United States, France and Britain, was utilized 

in a petition to the Food and Drug Directorate, resulting in clearance 

to market irradiated potatoes (the western world's first clearance of 

an irradiated food). Parallel work was conducted on the physics, 

engineering and economics of the process, and the world's first 

mobile process irradiator, a 50-ton, truck-mounted unit with a 

Cobalt-60 source, was built to demonstrate the process to industry.

To date, however, no existing company has utilized the 

process commercially. One company was formed to store and 

market potatoes and an irradiator was built for them to apply the 

sprout inhibition process. This company failed in the first year 

because of a very poor crop and inexperienced management. In spite 

of this, the process is still considered to be technically and 

economically sound. Other countries have followed Canada in approving 

it from a health point of view, but no other commercial use has 

been attempted in the western world.

Nevertheless, it is felt that this and similar processes 

will eventually find commercial applications in Canada and elsewhere. 

However, it may be necessary to go farther in supporting their 

introduction to the commercial market.

The experience and recognition gained in developing this 

industrial application of gamma irradiation subsequently enabled CP 

to design and build the first two medical products sterilization facilities 

in North America, and led to establishing CP as one of the world's 

leading suppliers of research and industrial irradiators.
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AERIAL SURVEY FOR URANIUM AND THORIUM

While this project is not a direct application of radioisotopes, 

it is an interesting example of technical competence built up for one 

purpose being also applied for another purpose. The experience 

gained in developing instrumentation for the industrial use of radio

isotopes has been successfully applied to the development of radiation 

detection and analysis systems for aerial exploration for uranium 

and thorium. The first system was developed for the Department of 

Energy, Mines and Resources, and was successfully flight tested in 

1967. Flight data is recorded on magnetic tape and later analyzed 

on a ground based computer. Future improvements will include 

airborne computers for immediate data analysis. CP was responsible 

for all aspects of development, design, construction and testing, and 

worked effectively to create a system in the shortest possible time. 

RADIOISOTOPE TRACING IN WOOD CHIP DIGESTERS

A standard technique has been developed and applied to 

the study of wood chip movements in the large (75 to 250-foot-high) 

digesters used by the pulp and paper industry. Radioactive 

Lanthanum 140 is placed in a simulated wood chip at the input end 

of a digester and its progress through the process is followed by 

a series of radiation detéctors placed on the surface of the digester.

The results are being used to help formulate mathematical 

models of the‘process for computer studies and computer process 

control. This method has been used by CP in Canada and the United 

States. Most of the development work on the method has been 

accomplished by experienced researchers working in the field under 

production conditions, backed up by instrumentation laboratories 

in Ottawa.
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PROCESSED ISOTOPE DEVELOPMENT

The following history of Processed Isotope Development 

is offered as an example of the kind of scientific activity that was 

prominent in Commercial Products in the past 10-15 years.

After completion in the early 1950s of work on Polonium 210 

and Actinium 227, development of the present complement of 38 

isotope products began in earnest in 1959. First came the improve

ment of Iodine 131 and Sulphur 35 processes and the introduction 

of a Phosphorus 32 production process by dry chemistry. Then, 

with the addition in 1961 of Carbon 14, Commercial Products became 

one of the major suppliers of processed isotopes in North America.

Another ten radioisotopes were added by 1963, the chief 

among these being Iodine 125 - useful in medical diagnosis. 

Commercial Products has become the main supplier of this isotope 

in North America. By the end of 1965 another 21 isotopes of 

relatively low market volume were added to the product list, as 

these were simple and cheap to produce. They were added primarily 

to provide a full complement of processed isotopes consistent 

with available production capabilities.

Since 1965 Processed Isotope Development has ceased 

to be a major programme, with only necessary product maintenance 

being carried out.
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EFFECTS OF OTHER NEW TECHNOLOGIES

Computations

One of the major technological changes brought 

about by the solid-state era has been the appearance of the 

comparatively inexpensive digital computer. This is having a 

revolutionary effect on the science laboratory where more and 

more it is being introduced as a front-line aid to experimentation.

The speed and memory capacity of modern digital computers allows 

them to carry out calculations that would be quite impossible by desk 

calculator. In addition, computers make possible new types of 

experiments in which the computer is used "on-line" both to analyze 

the data as they are collected and to control the experimental 

equipment itself.

2. Properly applied, this new tool will bring during the 

next five years a marked increase in the efficiency of scientific 

research. It will permit the scientist to screen his results at the 

earliest possible moment so that if necessary he can change the 

course of an experiment and steer it more rapidly to a fruitful goal. 

Equally important, more of the researcher's time will be freed for 

digesting the implications of his work.

3. However, if the hoped for benefits are to be achieved, 

this revolution must be guided, and to this end a programme of 

development work known by the code word SUCCESS (a Scheme for 

Using a Computer in the Control of Experimental Systems and Set-ups) 

is now under way at Chalk River. Its plan is to mould these new 

devices into a system especially suited to a researcher's needs. To 

make the task manageable, the scheme emphasizes common denominators, 

and to assure efficiency, it emphasizes reliability and ease of use.
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4. An example of a computer application is computer- 

aided design. The design of a complex system, e. g. , a nuclear 

power plant, typically involves the solution of a set of coupled 

equations representing the behaviour of the system; the design 

parameters are varied until an optimum solution is found. Improve

ments in the speed of computers both allow more realistic models 

to be used and permit more exhaustive studies of potential designs.

At the same time improvements in programming techniques and

in input/output equipment -- especially the development of graphical 

input-output devices -- improve the co-operation between the designer 

and the computer, and thus further increase the engineer's product-

5. Communications between computers will also grow, since 

input/output equipment, linked to a central computer by telephone 

lines, can be located wherever needed. The CDC-6600 computer to 

be installed at CRNL in January 1969 will be made available to other 

AECL sites by such links.

6. The use of small special purpose computers in collecting 

experimental data and performing "on-line" some analysis of the 

information has been widely developed; approximately 20 such systems 

are now in use within AECL. The trend now is to extend these 

systems to control the experimental equipment. Frequently such 

control decisions will require analysis by a more powerful computer; 

we therefore intend to continue to develop links between the "on-line" 

computers and the general purpose central computer.

7. In many types of experiment the central computer will

be required to store large quantities of data for long periods of time -- 

for example, the histories of in-reactor tests of power reactor components.
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The computer will then make them available to assist in the 

evaluation of different materials and designs and in the search 

for correlations between, for example, radiation and subsequent 

changes in mechanical properties.

8. Another technological development that is expected to 

increase the efficiency of AECL's research and development is the 

mechanization of systems for searching and retrieving the literature 

of science and technology.

9. Before undertaking a new project of research or 

development it is necessary to be fully aware of all previous inform

ation on the subject, to avoid duplication of work already carried 

out elsewhere. During the course of a project it is necessary to keep 

up to date with all new publications relating to the subject of the project. 

Both of these requirements have become increasingly difficult to 

satisfy because of the very large quantity of information that has been, 

and is being, published. It is only by the application of computers

to the retrospective searching and selective dissemination of information 

that scientists and engineers can be provided adequately with past and 

current information.

10. AECL is exploring the use of the Euratom information 

system which provides for computerized searching of 700, 000 abstracts 

(increasing by 10,000 a month) in the field of nuclear science. The 

possibility is being considered of obtaining computer tapes from 

Euratom for processing on the AECL computers to provide an inform

ation service for all Canadians interested in the nuclear science

field. At the same time AECL is co-operating with the International 

Atomic Energy Agency in the development of an international nuclear 

information system that will provide comprehensive mechanized in

formation services for searching and organizing the world's nuclear 

science literature.
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11. Some usage, which will be increased in the near future, 

is being made of several commercial information retrieval and

cur rent-awareness services, such as the "Chemical Titles" service 

operated by Chemical Abstracts, and the Selective Dissemination 

service operated by the Institute for Scientific Information. 

Accelerators and Microscopes

12. Studies in materials science have been enhanced signifi

cantly during the past decade by the growing utilization of accelerators 

and electron microscopes. The prospects for the next five to ten 

years are that more sophisticated machines will become available 

and that these will be a vital component in the search for an under

standing of the properties of materials. Once understanding has 

been achieved, then the way should be cleared for the development

of metals, ceramics, polymers, etc. , with specified properties.

13. Ten years ago the basic tools of the research metallurgist 

were the optical microscope and the x-ray diffraction machine.

Today these have been supplemented and for some materials research 

even superseded by a variety of electron microscopes and particle 

accelerators. As the numbers of such machines proliferate and as 

their complexity and cost grow the need for closer co-operation and

a concerted plan among materials laboratories in Canada become 

apparent.

14. A pertinent example is in the field of high voltage electron 

microscopy. For several years the standard electron microscope 

has been designed for an accelerating voltage of 100 kV. Its market 

price of $50,000 was within the reach of most departments of 

metallurgy or materials science in Canadian universities and some 

industrial laboratories as well. Recent advances in high voltage
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engineering have made possible the development of 1 MV microscopes, 

instruments which offer many opportunities for significant research 

on the structure-sensitive properties of solids and, in biology, 

to probe living matter. Since the machine cost increases nearly 

linearly with voltage, it is apparent that only a few million-volt 

microscopes will be installed in Canada during the next decade.

15. Chalk River offers many advantages as a site for such

an instrument because of the concentration of specialists in electron 

optics, metal physics and biology, for example, and because of 

the availability of many servicing experts in electronics and high 

voltage technology. If such an installation were to be made during 

the next five-to-ten years there would be an associated growth of 

co-operative endeavours with the universities and with Canadian 

industry.

16. A similar forecast can be made of the impact of the 

installation of accelerators for chemistry and materials research 

at CRNL and WNRE during the next decade. This has been made 

possible because the base price of a 4 MV accelerator has been brought 

down to $200, 000. Such an accelerator is sought by chemists and 

materials scientists who are not specialists in nuclear physics. The 

use of such a tool involves other specialized equipment such as 

gamma-ray spectrometers and nuclear particle detectors used with 

high speed coincidence detectors and on-line electronic analysers

and recorders. A number of laboratories across Canada where such 

closely integrated techniques can be brought to bear will link with 

each other to serve the whole scientific community. Scientists from 

the smaller laboratories in industry and universities will avail them

selves of the facilities of such major institutes.
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ORDERS OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday 
September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the 
light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the Federal 
Government in the fields of physical, life and human sciences;

(c) federal assistance to research and development activities carried 
out by individuals, universities, industry and other groups in 
the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements and 
the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—

The question being put on the motion, it was—

Resolved in the affirmative.”
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Extract from the Minutes of the Proceedings of the Senate, Thursday, 
September 19th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the 

Honourable Senator Benidickson, P.C.:
That the name of the Honourable Senator Robichaud be substituted 

for that of the Honourable Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER, 
Clerk of the Senate.



MINUTES OF PROCEEDINGS
Thursday, October 31st, 1968.

Pursuant to adjournment and notice the Special Committee on Science 
Policy met this day at 11:45 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bourget, 
Cameron, Grosart, Kinnear, Leonard, MacKenzie, Robichaud and Thompson— 
10.

Present but not of the Committee: The Honourable Senator Giguère—1. 
In attendance:

Philip J. Pocock, Director of Research (Physical Science).

The following witnesses were heard:
ELDORADO NUCLEAR LIMITED:

William McKenzie Gilchrist, President.

Gordon F. Colborne, Manager, Research and Development Division. 

Donald David Bell, Staff Engineer.

(A curriculum vitae of each witness follows these Minutes.)

The following is printed as an Appendix:
6.—Brief submitted by Eldorado Nuclear Limited.

At 12:45 p.m. the Committee adjourned to the call of the Chairman. 

ATTEST:

Patrick J. Savoie,
Clerk of the Committee.
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THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE
Ottawa, Thursday, October 31, 1968

The Special Committee on Science Policy 
met this day at 11.45 a.m.

Senator Maurice Lamontagne (Chairman) 
in the Chair.

The Chairman: Honourable senators, I am 
pleased to welcome today Mr. William Gil
christ, President of Eldorado Nuclear Limit
ed, and two of his colleagues, Mr. Gordon 
Colborne and Mr. Donald Bell.

Eldorado Nuclear Limited has been in exis
tence for some time. Its origin dated back to 
our efforts in the whole nuclear field, and I 
understand that it was established in 1944.

Senator MacKenzie: Mr. Bennett was in 
this originally? Is he still associated with the 
Company?

Mr. William McKenzie Gilchrist, President, 
Eldorado Nuclear Limited: He is still a 
director.

The Chairman: Without any further com
ment I will ask Mr. Gilchrist to make his 
statement.

Mr. Gilchrist: Honourable senators, I was a 
bit surprised when I was asked to come here, 
because our scientific effort compared with 
what you are dealing with was rather small, 
but in my case it was indicated to me that 
before I am finished you are going to question 
me on uranium. I will now proceed with the 
formal request. Thank you.
Introduction:

Eldorado Nuclear Limited is a Crown Cor
poration, incorporated under the Dominion 
Companies Act. The Company operates under 
Part VIII of the Financial Administration Act 
and is listed in Schedule D of that Act as a 
proprietary corporation which is defined as a 
corporation which owns its assets and 
generally conducts its operations without 
appropriations.

The Company’s only mining operation is 
now carried on at Beaverlodge in northern

Saskatchewan, the original mine at Port 
Radium on Great Bear Lake having been 
closed in September 1960 after a long and 
notably successful record in the production of 
uranium. The Company also owns and oper
ates at Port Hope, Ontario, the only uranium 
refinery in Canada.

The Research and Development Division of 
the Company’s activities is centered in Tun- 
ney’s Pasture in Ottawa where a modern and 
well-equipped laboratory is maintained. The 
following pages outline the operations of this 
Division in accordance with the Guide for 
Submission of Briefs distributed by the 
Secretary of the Senate Committee on Science 
Policy.
Summary of Recommendations:

(a) We recommend a greater use of indus
trial research and development facilities by 
federal government departments in their long 
range scientific and technological pro
grammes. These industrial laboratories are 
usually staffed and supervised by individuals 
having production experience and are there
fore more “cost conscious” in their develop
ment work on new processes and products 
than is sometimes the case in governmental 
“in house” laboratories. In many instances, 
industrial research laboratories have access to 
pilot plant and commercial scale equipment 
with which to test newly developed pro
cesses and products.

(b) Direct financial assistance to industrial 
research laboratories would be a major factor 
in the development of the full potential of 
these units and their subsequent contribution 
to the total Canadian research effort. These 
incentives should be based upon total expen
ditures by the Company rather than only on 
the annual increase in expenditures as is the 
case at present.

The Chairman: We will no\V start with the 
question period. Senator Robichaud.

Senator Robichaud: Mr. Chairman, we 
know that Eldorado has played a very impor
tant role in the Canadian uranium story and
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also that for a limited period of time they 
were the sole producers of uranium in Cana,- 
da. On page 1 of your brief, sir, you state 
that the “Company’s only mining operation is 
now carried on at Beaverlodge in northern 
Saskatchewan, the original mine at Port 
Radium on Great Bear Lake having been 
closed in September 1960 ..Was it closed 
owing to lack of minerals?

Mr. Gilchrist: It was closed due to the 
exhaustion of the ore bodies, yes.

Senator Robichaud: Due to the exhaustion 
of the ore bodies, I see.

Mr. Gilchrist: Yes, we actually mined more 
from the Port Radium mine than was covered 
by our contracts at that time, but there is 
nothing left now that could be economically 
exploited.

Senator Leonard: That was the original dis
covery, was it not?

Mr. Gilchrist: That was the original urani
um discovery in Canada, yes.

Senator Leonard: What are the possibilities 
now? Do you have ore bodies that will last 
for many years?

Mr. Gilchrist: At our present rate of pro
duction at Beaverlodge now we have a Arm 
ore reserve for between 11 and 12 years, and, 
looking at the experience of the past 15 years, 
I am fairly confident that we have 15 years 
operation ahead of us.

Senator MacKenzie: Is Elliot Lake still pro
ducing uranium?

Mr. Gilchrist: Oh, yes. There are three 
mines there. There are three companies actu
ally producing—Denison, Rio Algom and 
Stanrock.

Senator MacKenzie: They are private oper
ations, are they? They are not under you?

Mr. Gilchrist: They are private, yes.

Senator MacKenzie: Do they refine at Port 
Hope?

Mr. Gilchrist: What refining they require to 
be done at the moment is being done at Port 
Hope.

Senator MacKenzie: And do they sell 
direct?

Mr. Gilchrist: They sell direct to 
customers, yes.

Senator MacKenzie: To customers any
where?

Mr. Gilchrist: That is right.

Senator MacKenzie: Is there a control over 
the sale of uranium?

Mr. Gilchrist: Only from the viewpoint of 
the Atomic Energy Control Board, which 
administers the Atomic Energy Control Act 
and which is largely responsible for making 
certain that the safeguards policy of the 
Canadian Government is administered.

Senator MacKenzie: Has that to do with the 
peaceful uses of uranium?

Mr. Gilchrist: That is correct.

Senator Bourget: Are you making any 
exploration in other areas to find any other 
mines? Have you got an exploration branch?

Mr. Gilchrist: We have only been allowed 
to go back into exploration this year. I 
believe it was in July of this year. I am 
speaking now of general exploration and not 
of our own properties. We have been develop
ing our own properties over the years. Origi
nally, Eldorado was the only company that 
was allowed to look for uranium. I am going 
back to the 1940’s when I say that. In the 
1950’s it was thrown open. In 1957 we went 
out of exploration for a while, but came back 
in 1958 owing to the closing of Port Radium. 
We decided that we should make an effort to 
keep the area alive. At that time the Port 
Radium mine was the only commercial activi
ty in the area. We went back into exploration 
on the understanding that we would confine 
our efforts to the Northwest Territories and 
the Great Bear Lake area. After two years 
the Government in power decided that we 
should cease our outside exploration. Howev
er, we continued exploring the properties that 
we owned or had under our control, with the 
result that we are now bringing in a small 
satellite mine at Beaverlodge and have 
extended the ore reserves of the parent mine 
considerably.

Early this year it was decided, owing to 
the coming demand and the current interest 
in developing uranium reserves, that we 
should not be locked in, that the knowledge 
and capabilities of our staff should be allowed 
to range a little wider than as merely 
required by our own properties. So we now 
have permission to re-enter general explora
tion. We have not done much this year due to
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the fact that it takes time to expand the staff 
and to actually decide on a program. Where do 
you want to go? What to you want to do? 
How extensive will it be?

We also have permission to enter into part
nership with commercial companies in 
exploration. In other words, if certain compa
nies have property that they would like us to 
examine for them by ourselves or on a joint 
basis, or in whatever way they want to work 
it out, we have that permission now.

Senator MacKenzie: Does Africa still pro
duce much uranium?

Mr. Gilchrist: Oh, yes. They are producing 
roughly about 3,600 to 4,000 tons.

Senator MacKenzie: What percentage of the 
world's production do we have?

Mr. Gilchrist: Do you mean the current 
percentage of the world’s production or fo the 
world’s reserves? I will answer both, and 
when I refer to the world I mean the western 
world. I am not speaking of the Communists.

Senator MacKenzie: I realize that.

Mr. Gilchrist: The western world will pro
duce something like 24,000 tons this year. 
That is actual concentrate. Of that Canada 
will produce about 4,000. That is roughly one- 
sixth. South Africa will produce perhaps a 
little less than that, but that is about it. Now, 
that is current production. As to reserves, 
there are about 600,000 tons of reserves in the 
world today that can be produced at a price 
less than $10. This matter of price is rather 
important. We have about one-third of that 
amount, in other words, about 200,000. South 
Africa has somewhat less than that. They 
have about 150,000 or so. Again, I am speak
ing of 08 or $10, although they have upped 
them somewhat just recently. They say about 
205,000.

The 600,000 figure that I gave you is the 
figure of about a year ago. They now say that 
perhaps there is as much as 800,000 tons in 
the world that can be produced under $10. 
But some of the other 200,000 I think has to 
be confirmed yet. Certainly, however, there 
are 600,000 tons.

The Chairman: Could you give us the 
figures for other countries, such as the United 
States?

Mr. Gilchrist: Speaking roughly, the United 
States have approximately 300,000 tons that 
they claim can be produced under $10. If you

go down to the $8 figure, then that drops to 
somewhere around 150,000 tons.

When you ask these questions on reserves, 
you immediately get into this matter of price, 
and it is difficult, actually. If you want to go 
on up to $15 or $20, you can double or treble 
the reserves.

Senator Bourget: In those joint ventures 
you have with private industry, do you use 
your own staff or do you help only to finance 
the projects?

Mr. Gilchrist: At the moment we haven’t 
any joint ventures going, but we have per
mission to enter into joint ventures this year. 
So far we have not joined any. However, the 
permutations and combinations on a venture 
of that kind would be almost infinite. From 
our point of view the trend may be that we 
will contribute the expertise and, hopefully, 
the other partner will contribute the finances. 
In other words, we will be selling our knowl
edge of the problem.

Senator Thompson: Following on that ques
tion, assuming you do strike uranium with a 
joint exploration project outside of the terri
tory owned by the private industry, what 
arrangements follow from there?

Mr. Gilchrist: You mean who would own 
the production or who would benefit?

Senator Thompson: Yes.

Mr. Gilchrist: Again it would depend on 
what basic arrangements were entered into in 
the first place. They can change as develop
ment takes place. You may have a 50-50 
arrangement regarding exploration—that is 
where you are putting up 50 per cent of the 
cost and your partner is putting up the other 
50 per cent. But then the next step would be 
development. At that point you may say 
“Well, we haven’t got the necessary financial 
backing or the resources,” and the partner 
may at this point take on 75 per cent of the 
cost. Then you can get to the point where you 
are actually going into production and you 
need millions of dollars to do that. Then 
again you must sit down and negotiate the 
matter depending entirely on the percentages 
of the financial backing available. That is 
basically what it will be made up of—how 
much of the actual money required you will 
be able to guarantee to put up. I could not 
tell you at this particular moment; I could 
give you lots of, shall we say, framework, in 
which it could be done, but what would be
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demanded by any particular set of circum
stances is something that could not be decid
ed until the circumstances were all clear.

Senator Robichaud: On page 13 of the brief 
referring to R & D projects on non-nuclear 
materials, you state:

Extensive testwork was carried out in 
1963, 1964 and 1965 on methods of recov
ering cobalt, nickel, copper and silver 
from a wide variety of residues, ores and 
concentrates.

But further on you state that the market 
and economic conditions at that particular 
time were not favourable for the construction 
of a commercial operation. What is the situa
tion now? Has it improved since 1965 or is it 
the same?

Mr. Gilchrist: Regarding these particular 
metal elements, no. We are not really 
interested in them any more. I might explain 
that this was brought about due to the fact 
that the activity at the refinery had subsided 
due to the dropping off in the production of 
uranium. We were then faced with an organi
zation that could, shall we say, just disappear 
if we closed the operation down, so during 
those years we made quite an effort to see 
whether the systems and processes that we 
had developed in connection with the refining 
of uranium could be used in the production of 
other metals. We found they could, but at the 
time it just wasn’t economic. We could have 
produced the metals, and we could perhaps 
have made an operating profit, but the capital 
involved and the return we would get on our 
capital would not warrant any further inves
tigation or any further financial investment. 
It was really an effort to try to keep the 
Eldorado refinery in existence, because we 
knew that eventually it would become quite 
an asset.

Senator Robichaud: Mr. Chairman, in the 
Annual Report of Eldorado Mining and Refin
ing Limited I notice the balance as of the 
31st December 1967 was $1,118,630 which is 
to be offset in the period 1968-1971 when 
deliveries will be made at prices which are 
lower than the costs of acquisitions. Can we 
get any explanation of this?

Mr. Gilchrist: You mean why are we selling 
at what would seem to be less than cost?

Senator Robichaud: Yes.

Mr. Gilchrist: This is the problem the 
uranium industry in Canada is facing at the

moment. We are continuing to try to keep our 
reserves in existence. But the price at the 
moment is actually such that it really doesn’t 
warrant the production of uranium. But as 
you will notice there is another item here, 
actually by the Auditor General, that most of 
this material that was produced went into 
inventory at a lower price than all of the 
actual operating costs, due to the fact that 
this came from the close-down of the Port 
Radium mine. There is another point in this 
as well; as you will notice from the financial 
statements, particularly No. 3, there is anoth
er facet here that Mr. Bell has pointed out. In 
our dealings with the United Kingdom there is 
a balance coming; although it may appear we 
are selling for less in this particular case, it 
will in the end balance out. But if you want 
to take a straight comparison, your question 
is very well warranted. But there are reasons 
for it. We are not actually losing money. We 
may be doing so before we are through with 
this, or before the next year or so where, if 
we require cash, we might have to sell, shall 
we say, below our actual cost. However, we 
won’t be out of pocket as far as cash is con
cerned. We will be out of pocket in deprecia
tion and things of this nature. We won’t be 
showing a book profit.

Senator Robichaud: Coming back to 
research, is the company satisfied it has the 
best methods available to extract the urani
um, and more particularly is the company 
well informed of the new method which 
apparently produced what they call “enriched 
uranium” which the Dutch seem to have 
found recently? Is the company aware of this 
system?

Mr. Gilchrist: Yes. But I think you must 
have clearly in mind here what the difference 
is between uranium and enriched uranium. 
Uranium, as it occurs in nature, usually as 
the compound U:l(X, contains about seven- 
tenths of one per cent of the fissionable iso
tope U235. The remaining 99.3 per cent is 
made up of the non-fissionable isotope U238. 
The enrichment process is designed to 
increase the percentage of the U235 isotope in 
the mass.

In the United States, Britain and France, 
the gaseous diffusion process is used for 
enrichment. It consists of a very large num
ber of stages in which the heavier U235 
atoms, because of their larger size, diffuse 
through a membrane at a slower rate than 
the lighter U235 atoms. This results in an
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upgrading of U235 on the other side of the 
membrane.

By the centrifuge method you spin the 
uranium in small units and the heavier iso
tope is concentrated at the outside. They 
hoped at one time that this would be a much 
better method of doing this. It may well be, 
but the technical problems involved in this 
are quite large. With the peripheral speeds of 
800-1,000 meters/sec faster than the speed of 
a bullet, you can imagine the technical prob
lems you have in this thing with bearings, 
and so forth.

It is a fond thought on the part of many of 
the smaller countries who have not the finan
cial capability required for an enrichment 
plant, that you could have a very small unit, 
or a small number of these small units or 
cylinders spinning, and that they could pro
duce their own enriched material. But, as yet, 
no one has economically, overcome the tech
nical problems of the actual operation.

Senator Aird: I think your answer is very 
germane. I suppose you were not here yester
day, Mr. Gilchrist, when the AECL was testi
fying, but they did indicate some interest in 
building an enrichment plant in Canada. Do 
you have a comment on that? I also under
stand that research on this has been banned in 
the United States.

Mr. Gilchrist: Yes, there has been an agree
ment in the States, when this centrifuge thing 
came in some years ago, that this would not 
be pursued, except within their own bounda
ries. I know the Dutch have been carrying on 
centrifuge research for a number of years. 
But there was a gentlemen’s agreement to the 
effect that they would not dissipate any of 
this information—but what I have given you 
is common knowledge.

There is an interest in the development of 
an enrichment plant or facility in Canada, 
due to our reserves and so forth. I was on the 
committee of the Canadian Nuclear Associa
tion that looked at this problem, and we pub
licly stated we did not think that the Canadi
ans should undertake this at the moment; 
even though we have a large uranium and 
power reserve. Canada should not do it on 
their own because of the number of dollars 
involved, and in view of the small numbers 
of people the plant would employ. We could 
use our money to greater advantage for the 
Canadian public elsewhere. A diffusion plant 
would take upwards of $1 billion to build 
even as a modest program, and that would

not take care of all the possible Canadian 
uranium production.

I do not think there is any company in 
Canada that would want to take this on. There 
will have to be additional enrichment capaci
ty in the world by 1975 to 1978, so someone 
has to build additional capacity.

A number of the large companies—such as 
Westinghouse, General Electric etc.—have 
been looking at this problem, and one of the 
things that immediately came to light is the 
vast quantities of power that are required for 
the process. Of course, we still have 
undeveloped water power in this country, 
and this could be used, but I would strongly 
recommend and anyway support the view 
that Canada does not take on the full respon
sibility. If you could get someone outside the 
Government to look after the plant, then 
maybe you could supply the power which 
Canada has. Favourable power rates are one 
of the things that make the building of this 
type of plant in Canada an attractive and 
feasible possibility.

Senator Aird: Are you actively seeking out 
partners for this?

Mr. Gilchrist: We are not, no.

Senator Aird: Is it a fair question to ask if 
AECL is?

Mr. Gilchrist: I do not think so. I think 
there have been conversations held with some 
of the departments by the larger U.S. compa
nies, but they are very tentative and I would 
not like to be specific at the moment.

Senator Bourget: Who owns the enrichment 
plant in the United States at the moment? Is 
it a government agency or a private com
pany?

Mr. Gilchrist: It is owned by the Govern
ment. This was brought about due to the ef
forts made in connection with defence. These 
plants were partially written off against the 
development of the atomic bomb and the 
defence program. I cannot say that definitely, 
but I think that is pretty well what happened.

Senator MacKenzie: Mr. Chairman, at page 
3 of the Annual Report there is a statement of 
all-Canada uranium sales. In 1959 the other 
producers sold close to $300 million worth. 
Was this for stock-pilling? I as that, because 
the total sales are now down to $27 million.

Mr. Gilchrist: Well, when you say “stock
piling” we shall have to qualify it. You see,
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our contracts originally were with the United 
Statees and the United Kingdom. They were 
with the United States Atomic Energy Com
mission and the United Kingdom Atomic 
Energy Authority. What we were shipping in 
1959, with the exception of a very small per
centage, went to these two organizations 
which, in turn, were either turning the 
material into bombs, or stock-piling it. We 
have no knowledge as to what they did with 
it once it went to their plants. We do not know 
whether it went into a stock-pile or into a 
bomb, but was for the defence effort. A very 
small part of it went to the development of 
the nuclear power reactor, but the quantity 
required at that time for the nuclear power 
program was relatively small.

Senator Bourget: In that table you state 
that Canada’s uranium sales—is it only urani
um that is sold by your organization, or does 
it include also uranium sold by other compa
nies such as Denison and Rio Algom?

Mr. Gilchrist: This is Canada’s sales for 
USAEC and UKAEA contracts, what has 
been sold by everybody. That is the total 
sales.

I should give you a bit of background on 
that. In the original arrangement Eldorado was 
designated as the Canadian agent in matters 
concerning uranium, and at that time all sales 
were to the U.S. Atomic Energy Commission 
and the UK Atomic Energy Authority. 
Under those original contracts Eldorado wrote 
a contract with the producing Canadian com
panies and also wrote an identical contract 
with the United Kingdom and the United 
States. The producers sold to Eldorado, and 
we immediately sold to the United States or 
the United Kingdom. We had no stock-pile. It 
was deemed at that time to be more to the 
advantage of all concerned for the producers 
to have one voice or one agency dealing with 
these government organizations.

Since that time, and when the power utili
ties began to build reactors, it has been 
decided that it would be better for the utili
ties to deal directly with the producers, and 
this is what is happening now. All that 
Eldorado is administering now with regard to 
uranium is the remnants of the contracts we 
had with the United Kingdom Authority and 
the Canadian stock-pile program. In the case 
of the United Kingdom contract, we hold the 
only remaining contracts which is with Rio 
Algom, and we have an identical contract, or 
a very nearly identical contract, with the 
United Kingdom Atomic Energy Authority.

The last deliveries under that contract will be 
made in about 1971, I think.

Now, as far as the stock-pile is concerned, 
Eldorado acts as the Government agent only 
in administering the contracts that the produ
cers have with the Government or, to be spe
cific the Ministry of Energy, Mines and 
Resources. So far as the utilities are con
cerned, it is now an open market.

Senator Bourget: And that is what hap
pened in the case of the sale that was made 
to those two companies that I have men
tioned, when we sold 10 million pounds—is 
that correct?—to Japan?

Mr. Gilchrist: Yes, this is what happened. 
They negotiated their own contract.

Senator Bourget: You had nothing to do 
with it?

Mr. Gilchrist: We had nothing to do with it 
whatsoever.

Senator Bourget: Coming back to research, 
have you any association, or are you working 
closely, with the private companies that are 
also doing research in this field?

Mr. Gilchrist: They have been conducting 
really very little research. The actual produ
cers have asked for assistance from time to 
time, although not in any great amount, 
because they have not extensive research 
facilities of their own.

Senator Bourget: By this you mean that the 
private industry has not been doing much in 
the way of research up to now?

Mr. Gilchrist: Over the last four or five 
years they have not been doing too much due 
to the fact that they were really involved in 
staying alive over that period of time during 
which there was no great demand for urani
um. They had contracts at prices that were 
not, perhaps, too profitable. So, the amount 
that was being spent by private industry in 
connection, shall we say, with basic or pure 
research was not very much.

Senator MacKenzie: What was the outcome 
of the controversial discussions with France 
about the sale of uranium? Did that go 
through?

Mr. Gilchrist: No, the sale was not 
consummated.

Senator MacKenzie: This was on the issue 
of peaceful uses?
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Mr. Gilchrist: That is correct, yes.

Senator Thompson: As a Crown corporation 
I presume you would set the highest stand
ards of safety and technical approaches which 
perhaps others should adopt. I recall that 
there was quite a fuss about the disposal of 
waste at your Port Hope plant. Are you 
satisfied that the public are protected suffi
ciently by your present method of waste 
disposal?

Mr. Gilchrist: Oh, yes. I think the people 
who actually had some questions were com
pletely satisfied by the time we were through. 
Mind you, this did not hurt us from the pub
lic point of view because we have actually 
increased our safety precautions, or, at least, 
we have added certain procedures that make 
our operation even safer than it was before. 
But, there was really no argument once you 
knew what was involved, and the public were 
in no way endangered by the situation that 
existed before.

We had put up signs around the waste dis
posal area and after three or four years dur
ing which time they were used for target 
practice by boys with their ,22’s, and things 
like that, the signs were in a sorry state. 
Perhaps they were not changed as often as 
they should have been. Also, the level of the 
lake dropped a little and the water’s edge 
receded beyond the end of the fence, afford
ing an access route to the area. This has been 
corrected.

We have also made certain that there is no 
seepage into the lake. The amount of seepage 
that previously had access into the lake was 
of little consequence—they admitted this—but 
we have now made certain that nothing gets 
into the lake.

Senator Thompson: Is this being translated 
into regulations by other provincial govern
ments or the federal Government that apply 
to mining operations?

Mr. Gilchrist: No.

Senator Thompson: So, there are gaps then, 
in that respect?

Mr. Gilchrist: I would not say “gaps,” 
because to lay down regulations that would 
look after all circumstances in this developing 
field would be somewhat impracticable. In 
fact, it would lead to inconvenience and 
unnecessary red tape, if you will. In many 
cases, you are trying to forecast certain con
ditions, and right at this moment you are

trying to lay down rules to look after some
thing that may never happen. The Atomic 
Energy Control Board, which will be appear
ing before you, of which I happen to be a 
member, has this very much in mind.

The problem is to develop a practical set of 
regulations, and as the problem develops 
industry is trying to keep abreast. Of course, 
you have provincial and federal jurisdiction 
in this matter. To date I think it has been 
covered fairly well. The Atomic Energy Con
trol Act gives the board wide powers. It is 
again a continuing problem of developing 
something that is adequate yet not inhibiting 
as far as the commercial business is con
cerned. To date I think this has been fairly 
well done.

We have had this waste disposal problem, 
which did not really develop into a problem. 
There has also been the problem of increased 
radioactivity in certain lakes, from mill tail
ings or the level of radioactivity in the 
waters. Again, this was not too serious but it 
is something that has to be watched very 
closely. With the surveillance it is now get
ting, largely by provincial authorities with 
the support and advice of the board and its 
officers, I think we have the problem pretty 
well under control.

Senator Grosarl: Mr. Gilchrist, will the 
very substantial increases coming in the price 
of nuclear fuel adversely affect the cost 
advantage in fuel now enjoyed by the AECL 
natural uranium heavy water reactor system, 
compared with comparative systems?

Mr. Gilchrist: No. The reverse should be 
what will happen. In other words, it should 
give the natural uranium system an added 
advantage. But it will not be large because 
the percentage of the total cost attributable to 
your uranium is relatively small. In the 
Canadian system it is roughly about 3 per 
cent at $8 uranium. Speaking now of the 
lower capital costing enriched nuclear power 
reactor in the United States, it is about 6.2 
per cent or something of that nature. There
fore, the amount of percentage increase in 
costs that could be attributable, say, to a dol
lar per pound increase in uranium is relative
ly small. I think it would be to the advantage 
of the natural uranium system rather than to 
its disadvantage because the natural uranium 
system is much more efficient in its use of 
basic fuel.

Senator Grosart: Does the Canadian system 
burn up more or less fuel than the American 
system?
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Mr. Gilchrist: Relatively less.

The Chairman: That is why the cost of 
operation is lower.

Senator MacKenzie: Did Gilbert Labine 
make some of the original discoveries in the 
north?

Mr. Gilchrist: Yes. He discovered the Port 
Radium mine.

Senator MacKenzie: What date was that? 
Was that in the thirties?

Mr. Gilchrist: That was in 1930, I think. 
Originally I believe he was prospecting in the 
area in 1929, or made a preliminary trip into 
that area. However, it was 1930 before he 
located this cobalt bloom.

Senator MacKenzie: I was going to say, this 
was rather accidental, was it not?

Mr. Gilchrist: It was, yes, because he was 
directed to the area by reading a report writ
ten by Dr. Camsell and Dr. Mackintosh Bell 
of the trip they had made in 1900, when they 
reported signs of cobalt bloom on the shores 
of Great Bear Lake. Cobalt generally occurs 
in close mineralogical association with silver. 
It was that report that pulled him into the 
area in the first place. He was quite knowl
edgeable, of course, in minerals and he recog
nized the mineral pitchblende which occurred 
with the cobalt and silver. He had read 
extensively in Madame Curie’s book about 
pitchblende, and due to that knowledge and 
his powers of observation he realized the 
importance of this find. It was quite a spec
tacular find. There was exposed on surface a

vein of pitchblende almost 15-20 feet wide. I 
doubt if there will ever be another one like it 
in Canada, or even in the world as far as that 
is concerned.

Senator Thompson: Is there any long-term 
medical examination of men working in the 
mines?

Mr. Gilchrist: Yes. This is something on 
which we have an extensive program. The 
miners are examined once a year. For 
instance, anyone in the canning or packaging 
section for concentrates of the final product is 
examined weekly. On the surface the only 
problem is with those people who are directly 
connected with packaging the final product. 
Underground there is a problem from the 
release of radon gas, which breaks down very 
quickly into several products, which can be 
deposited in the bronchial tubes of the lung 
and lead to cancer. By adequate ventilation, 
which sweeps this gas out the danger is 
almost completely eliminated. There are very 
strict government and in-house regulations 
and we are attempting to keep it down to a 
half of one working level. One working level 
is what a man can continue to work in with
out any injurious effects. There is a lot of 
argument about that, but I will not get into 
it.

The Chairman: If there are further ques
tions, we could ask Mr. Gilchrist to come 
back in the afternoon. Apparently there are 
none. On behalf of the committee, gentlemen, 
I thank you very much for a most interesting 
presentation.

The committee adjourned.
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Special Committee

Qrganization

1.1 The Research and Development Division of Eldorado 

Nuclear Limited is set up as a separate Division of the Company, 

with the Manager of R & D reporting directly to the President. 

Objectives

2.1 The major objectives of the R & D Division are as follows:

a. to provide research, development and analytical 

facilities for the investigation of problems and the 

increase in efficiencies of any of the Company's 

current processes or products; and

b. to provide for Company expansion by the investigation 

of new processes or the application of existing 

processes to new products which could be of economic 

interest to the Company.

2.2 Two minor objectives of the R & D Division are, first, 

to act as a training ground for future operating personnel in the 

Company's production groups and, secondly, to generate income 

by the sale of research services in areas of the Division's 

competence.

Research Policy

3. 1 Overall research policy is determined by a Corporate 

Research Committee composed of the President, the Manager 

of the R & D Division, the heads of the two Company operating 

Divisions and the Company's Metallurgical Consultant.

Powers and Functions

4.1 Within the framework of the general policies established 

by the Research Committee, the R & D Division allocates its 

resources to the programmes in accordance with the overall

Division objectives.
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4.2 The selection of projects related to existing Company 

processes or products may be made at the request of the 

operating Division concerned, or may be initiated by the R & D 

Division itself when a specific process or product is considered 

to be in need of improvement.

4.3 The level of support of university research in areas of 

specific interest to the Company is determined within the R & D 

Division and approved by the Directors of the Company as a 

portion of the total operating costs of the R & D Division.

4.4 The R & D Division accepts contracts for the performance 

of research work in any field of competence provided such work 

does not conflict with internal Company programmes or necessitate 

the release of Company confidential information.

5. Personnel Policies

5. 1 The R & D Division has no fixed establishment of 

numbers and qualifications of research personnel. The optimum 

size of the Division will vary, in a two to five year period, with 

the number and complexity of the current and planned research 

programmes.

5.2 The identification and procurement of effective researchers 

from the university graduating classes has been greatly enhanced by 

the Division's close contact with the university metallurgical depart

ments through the medium of university research contracts.

5.3 In a small research group, such as the R & D Division, 

no unique criteria are necessary to help identify those who will

be creative and effective researchers or those with high potentiality 

as research administrators.

29103—2
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5.4 The major distinctions between administrators of research 

and researchers as such, regarding promotion, is that a definite 

establishment exists for administrators and promotion cannot 

occur without a vacancy; whereas researchers may be promoted 

to the highest categories on evidence of competence. In.general, 

salaries of administrators are higher than those of researchers.

5.5 The R & D Division has a very liberal policy regarding 

both intramural and extramural education for staff members 

and each case is judged on its own merits. In general, the 

Division has assisted graduates with a bachelor's degree who 

wish to return to university for advanced degrees by carrying 

them on the payroll at half salary while in full-time attendance 

at university, paying part of the university fees and providing 

full-time employment during the summer vacation period. 

Non-degree personnel or technicians have been assisted in their 

efforts at self-improvement through completion of high school 

at night classes, studies at technological institutes or by taking 

specific university courses. Company assistance in these cases 

has involved time off from work with pay, payment of course fees 

and promotion or salary increase on completion of specific 

programmes. Research administrators are usually sent to 

management courses at universities or management training 

centres on Company time and at Company expense.

6. Personnel Associated with Scientific Activities

6. 1 Current Personnel Establishment

Professional Staff 18

Technicians 28

Clerical & secretarial 5

51
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6.2 Number of above professional staff devoting most of 

their time to administrative duties - 3.

6.3 Statistics of Professional Staff

Degree
Category

Country
of

Birth

Country
of

Secondary
Eduction

Country
of

University
Degree

No. of No. of 
Years Years 
Since With

Grad'n Eldorado

Age
Capability in 

French
and

English

B. Sc. Canada Canada Canada 18 18 44 English only

Canada Canada Canada 24 20 47 English only

Canada Canada Canada 17 13 41 English only

Canada Canada Canada 17 14 41 English only

Canada Canada Canada 19 16 44 English only

England England England 8 1 30 English and 
French

Hungary Hungary Hungary 15 4 42 English only

England England England 12 6 34 English only

Canada Canada Canada 2 1 26 English and 
French

Scotland Canada Canada 1 1 25 English only

M. Sc. Canada Canada Canada 28-BSc
20-MSc

20 49 English only

Canada Canada Canada 20-BSc
1-MSc

16 42 English only

Canada Canada Canada
USA

21-BSc
20-MSc

14 45 English only

Canada Canada Canada 15-BSc
13-MSc

6 42 English only

England England Canada 3-BSc
1-MSc

11 39 English only

Canada Canada Canada 4-BSc
3-MSc

1 27 English only

Canada Canada Canada
England

39-BSc
28-D.I.

6
C.

63 English only

Ph.D. Poland India
Africa
Canada

Canada
Canada
Italy

12-BSc 4
10-MSc
5-D. Chem.

34 English only

The percentage of bilingual professionals is 11%.

29103—2*
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Numbers of Professional Staff in Categories by Years

B. Sc. M.Sc. Ph.D.

Actual 1962 14 1 1

1963 13 5 0

1964 17 5 2

1965 13 5 1

1966 11 4 1

1967 11 5 1

1968 10 7 1

Estimated 1969 10 7 2

1970 10 6 3

1971 11 6 3

1972 11 7 3

1973 11 7 3

Percentage Turnover of Profeissional Staff

B. Sc M.Sc. Ph.D.

1962 29 - 100

1963 - - 100

1964 30 - 200

1965 15 20 -

1966 9 - -

1967 27 - -
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6.6 The percentage of current professional staff who, since 

graduation, have had outside experience is as follows:

a. Percentage employed in industry 89%

b. Percentage on university staffs 17%

c. Percentage on provincial government staff nil

d. Percentage on federal government staff 33%

6. 7 Staff on Education Leave

At the present time the R & D Division has one professional 

on education leave. He has obtained both his B. Sc. and M. Sc. 

with Company assistance and is presently working toward a Ph.D. 

6. 8 Summer Employment for University Students 

Year No, of Students

1962 4

1963 6

1964 6

1965 6

1966 5

1967 6

7. Expenditures Associated With Scientific Activities

7.1 The following table (7.2) itemizes the expenditures 

by the R & D Division broken down into the requested categories. 

The allocation of dollars to the various categories represents 

the best estimate available at this time as the Company accounting 

procedures do not provide break-downs of this nature.
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7.2 R & D Expenditures Associated With Scientific Activities

1962 1963 1964 1965 1966 1967 est 1968

(a) Functions

5 - Industrial R & D
6 - University Support 

- CURF donation

279,567
67,450
37,391

597,425
171,684
46,739

959,331
62,600

765,714
54,725

593,856
53,845

626,713
47,500

450,000
25,000

384,408 815,848 1,021,931 820,439 647,701 674,213 475,000

Scientific Discipline

1 - Engineering & Technology
2 - (e) Chemistry

184,408
200,000

215,848
600,000

421,931
600,000

320,439
500,000

347,701
300,000

424,213
250,000

285,000
190,000

384,408 815,848 1,021,931 820,439 647,701 674,213 475,000

Area of Application

1 - Nuclear Energy
9 - Industry

284,408
100,000

580,848
235,000

671,931
350,000

310,439
510,000

572,701
75,000

624,213
50,000

400,000
75,000

384,408 815,848 1,021,931 820,439 647,701 674,213 475,000

(b) Operating Costs
Capital Costs

363,550
20,858

753,513
62,335

880,281
141,650

712,062
108,377

611.399
36,302

637,035 
37,178

420,000
55,000

384,408 815,848 1,021,931 820,439 647,701 674,213 475,000

(c) Costs of University
Eduction of Staff

460 550 6,000 11,600 5,700 7,500 8,200
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8. Selection of Research Programmes and Projects

8. 1 Intramural or "In House" Programmes

8. 1. 1 The choice of research programmes is made in 

accordance with the major objectives of the R & D Division as 

previously outlined in paragraph 2. 1.

8. 1. 2 Individual projects relating to any of the Company's 

existing processes or products are very often of the "firefighting" 

variety designed to quickly answ.er a specific question or solve 

a specific problem. Longer range programmes in these areas 

may be suggested by the operating divisions, or may be obviously 

required because of a particularly troublesome or inefficient part 

of a process or an undesirable characteristic of a product.

8. 1. 3 The selection of programmes designed to expand 

the Company's sphere of operations is made in accordance with 

the following major criteria:

a. The process or product must utilize Company 

personnel's special abilities and know-how achieved 

in other fields.

b. Raw materials should be available in Canada, 

preferably as a Canadian ore or concentrate presently 

being exported in that form.

c. The end product of the resultant commercial plant 

must either not now be produced in Canada or be 

presently produced in insufficient quantities to supply 

the Canadian and expected off-shore markets.

8. 2 Extramural or University Research

8. 2. 1 Research contracts with Canadian universities have

been in force for the entire period under review (1962 to 1968).
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8.2.2 The total level of financial support to universities

in any particular year is usually decided within the R & D Division, 

and depends upon the availability of corporate funds to the Division.

8.2.3 The distribution of available funds between competing 

projects at different universities is decided within the R & D Division 

and is based upon the following factors:

a. The capability of the specific university departmental 

staff in the areas of Eldorado interest.

b. The applicability of the university's suggested 

programme to Eldorado's corporate objectives.

c. The level of financial support required to carry 

out a specific programme or to achieve a specific objective.

8.2.4 In some cases a competent university department 

will propose projects that do not meet our specifications outlined 

in (b) and (c) above. Under these circumstances the Company 

will specify the programme to be carried out and the level of 

financial support available.

8.2.5 Eldorado financed projects carried out by universities 

are monitored by quarterly reports to the Company and personal 

visits by Company personnel to the universities at least once per 

year. Projects are terminated or changed at the discretion of the 

Company but usually with the consent and support of the university 

researchers.

9. Measures of R & D Output

9. 1 The statistical measure of R & D output for the period under

review is shown as follows:
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Patents applied for 

Journal articles 

Papers presented 

Reports issued

1962 1963 1964 1965 1966 1967

1 12 4-

2 1 3 3 3 3

1 13 2 5

20 22 20 20 11 7

The decrease in number of reports issued during 1966 

and 1967 is the result of a policy of secrecy adopted toward 

dissemination of information on the major research projects 

of those years.

9.2 A brief description of the work done by the R & D Division 

for the last five years will be presented under the following five 

headings:

a. Related to uranium milling.

b. Related to uranium refining.

c. Nuclear materials other than uranium

d. Non-nuclear materials

e. Custom work.

9.2.1 R & D Projects Related to Uranium Milling

The most significant projects in this field involved the 

metallurgical assessment of the Company's orebodies at greater 

depth and extensive testwork to improve uranium recoveries from 

this ore.

Minor projects were carried out to improve efficiencies 

of specific parts of the current process and to evaluate substitute 

processing elements. The largest projects in this category were 

solvent extraction in pulp and ion exchange recovery testwork from 

laboratory to pilot plant stages.
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9. 2. 2 R &c D Projects Related to Uranium Refining

Extensive projects were carried out on many phases of 

the UO3 processing flowsheet. The development of a continuous 

UO2 process has been a continuing programme over the last few 

years. The treatment of enriched uranium products and recovery 

of U235 from enriched scrap materials has occupied the Division's 

interest frequently throughout this period.

9. 2. 3 R & D Projects on Nuclear Materials Other Than 
Uranium

The largest project in this category is the recovery of 

nuclear grade zirconium metal from ores and concentrates. This 

project began in 1964 with a nuclear grade oxide as starting material 

and a complete flowsheet was developed. In 1966 and 1967 zircon 

sand was substituted as starting material and a revised flowsheet 

developed from bench scale, through pilot plant and semi-commercial 

scale testwork. At the present time the full-scale commercial 

plant is under construction and operation is scheduled for late 1968.

9. 2. 4 R &t D Projects on Non-Nuclear Materials

Extensive testwork was carried out in 1963, 1964 and 1965 

on methods of recovering cobalt, nickel, copper and silver from a 

wide variety of residues, ores and concentrates.

A complete flowsheet was developed for extraction of cobalt, 

nickel and silver from refinery speiss and scrap cobalt metal and 

tested on a large scale in the Port Hope Refinery. Market and 

economic conditions at that particular time were not favourable 

for the construction of a commercial operation.

Processes were developed for other materials including 

molybdenum metal and purified oxide, tungsten oxide, barium 

titanate and other ceramics during this period. Some sales of 

the high purity ceramics and cermets were made but no major 

commercial production undertaken by the Company.
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9.2.5 Custom Work

During the period under review the R & D Division carried 

out a number of projects for specific customers. These were 

primarily in the areas of metal or mineral recovery from ores 

and concentrates, purification of products by solvent extraction 

and some work in the refractory brick field.

In most custom projects, the Division's special capabilities 

and facilities developed for nuclear materials are often applied in 

non-nuclear areas with very successful results.
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ON
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The Honourable Maurice Lamontagne, Chairman 
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Patrick J. Savoie, 
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ORDERS OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday, 
September 17 th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the 
light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized coun
tries;

(b) research and development activities carried out by the Federal 
Government in the fields of physical, life and human sciences;

(c) federal assistance to research and development activities car
ried out by individuals, universities, industry and other groups 
in the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements 
and the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”

7—3
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Extract from the Minutes of the Proceedings of the Senate, Thursday, 
September 19th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the 

Honourable Senator Benidickson, P.C.:
That the name of the Honourable Senator Robichaud be substituted 

for that of the Honourable Senator Argue on the list of Senators 
serving on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER, 
Clerk of the Senate.
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MINUTES OF PROCEEDINGS
Thursday, October 31, 1968.

Pursuant to adjournment and notice the Special Committee on Science 
Policy met this day at 3:30 p.m.

Present: The Honourable Senators Donald Cameron (Vice-Chairman), 
Aird, Bourget, Grosart, Kinnear, Lamontagne, Leonard, Robichaud and Thomp
son—9.

Present but not of the Committee: The Honourable Senators Benidickson 
and McGrand—2.

In attendance:
Philip J. Pocock, Director of Research (Physical Science).

The following witnesses were heard:
CANADIAN PATENTS AND DEVELOPMENT LIMITED 

Dr. B. G. Ballard, President.
Air Marshal (ret.) C. L. Annis, General Manager.
F. R. Charles, Secretary-Treasurer.
J. R. Johnson, Chief of Development and Promotion.

(A curriculum vitae of each witness follows these Minutes.)
The following is printed as an Appendix:

7.-—Brief submitted by Canadian Patents and Development Limited.
At 5.30 p.m. the Committee adjourned to the call of the Chairman. 
ATTEST:

Patrick J. Savoie,
Clerk of the Committee.
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Ballard, Bristow Guy, Scientist, President, Canadian Patents and Develop

ment Limited. Dr. Ballard was born in 1902 at Fort Stewart, Ontario. DEGREES: 
B. Sc. Queen’s University 1924; Hon. D. Sc. Queen’s University 1956, Assumption 
University of Windsor 1961, Memorial University of Newfoundland 1964; Hon.
D. Eng. Nova Scotia Technical College 1964; Hon. LL. D. University of Victoria 
1965, University of Strathclyde 1967. CAREER: 1925-30 Westinghouse Electric 
and Mfg. Co., East Pittsburgh, U.S.A.; 1930 joined National Research Council 
of Canada’s Division of Physics and Engineering; 1946 appointed Assistant Di
rector, NRC Division of Physics and Engineering; 1948 appointed Director, 
Radio and Electrical Engineering Division; 1954 appointed Vice-President 
(Scientific), NRC; 4 February 1963—31 August 1967 President of National 
Research Council of Canada; 21 June 1967 elected to present appointment; 
HONOURS AND DISTINCTIONS : Officer of the Order of the British Empire 
1946; Ross Medal, Engineering Institute of Canada 1949; Coronation Medal 
1953; Fellow Institute of Electrical and Electronics Engineers; Hon. Member, 
Engineering Institute of Canada 1960; Fellow, Royal Society of Canada 1963; 
Hon. Member, Instrument Society of America 1964; Sir John Kennedy Medal,
E. I. C., 1965; Centennial Medal 1967. OTHERS: Various appointments in Cana
dian Standards Association including President in 1963; various appointments in 
Engineering Institute of Canada including President 1961-62; various appoint
ments in the American Institute of Electrical Engineers including Vice-President 
1956-58; served on Edison Medal Committee and on the Awards Boards of the 
Institute of Electrical and Electronics Engineers 1963-67 and 1965-67; mem
ber of Queen’s University Council since 1959; member of Board of Directors 
and an ex-President of Queen’s University Alumni Association. MISCEL
LANEOUS: Canadian National Committee/International Electrotechnical Com
mission, President 1953-54; member of Carleton University Advisory Council 
on Engineering 1957-65; National Design Council 1961-64; Atomic Energy 
Control Board 1963-67; Canadian Government Specifications Board 1963-67; 
Defence Research Board 1963-67; Canadian Research Management Association 
1963-; Science Council of Canada 1966-68.

Atmis, Clare L, Air Marshal (ret.) RCAF, General Manager, Canadian 
Patents and Development Limited: Air Marshal Annis was born in 1912 at 
Highland Creek, Ontario and graduated from the University of Toronto with 
a Bachelor of Science Degree in Mechanical Engineering. He joined the RCAF 
in 1936 and trained as a pilot. CAREER: 1936-39 various military flying and 
technical courses; 1939-45 commander of various squadrons and stations in 
Canada and UK on anti-submarine warfare and on strategic bombing operations. 
During this period A/M Annis captained the first aircraft to attack a U-boat 
in North American waters; 1945 student at RAF Staff College; 1946-47 Chief 
Instructor RCAF Staff College; 1947-50 Director of RCAF Air Operations; 
1950-52 Director of the Joint Staffs, Chiefs of Staff Committee; 1953—Student, 
Imperial Defence College, London, England; 1954-55 Chief Staff Officer, Air 
Defence Command; 1955-57 Chief of RCAF Telecommunications ; 1958-62 Air 
Officer Commanding Air Material Command; 1962-64 Vice Chief of the Air Staff
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and Air Member, Canadian Section of Can.-U.S. Permanent Joint Board on 
Defence; 1964-66 Chief of the Technical Services of the Canadian Defence 
Forces; May 1966 commenced retirement leave; 1 September 1966 joined 
Canadian Patents and Development Limited.

Charles. Frederick Roland, Barrister-at-Law, Secretary-Treasurer, Canadian 
Patents and Development Limited; born in 1911 at Toronto, Ontario and 
graduated from the University of Toronto with a Bachelor of Science Degree 
in Mechanical Engineering in 1933; continued his studies at Osgoode Hall and 
was called to the Bar in 1936; CAREER: 1938-46 legal officer with Sun Life 
Assurance Co. of Montreal with time out for military duty in Canada as an 
engineering officer with the RCAF during the Second World War; 1946-59 
jointed National Research Council of Canada as a legal officer and performed 
both the general legal duties of the Council and also acted as the Chief 
Patent Officer of Canadian Patents and Development Limited after its founding; 
1959, appointed General Council of NRC; appointed Secretary-Treasurer of 
CPDL; SOCIETIES: member of: Engineering Institute of Canada, Law 
Society of Upper Canada, Canadian Bar Association, Patent and Trademark 
Institute of Canada, Federal Lawyers’ Club, Canadian Aeronautics and Space 
Institute, Chartered Institute of Secretaries.

Johnson, James Richard, Engineer, Chief of Promotion and Development, 
Canadian Patents and Development Limited; born in 1910 at Kamloops, B.C. 
and graduated from McGill University with the degree of Bachelor of Engi
neering in Mechanical Engineering in 1934; CAREER: 1934-37 engineering 
duties with Consolidated Paper Corp; 1937-40 Dominion Rubber Co; 1940-46 
Officer in Royal Canadian Electrical and Mechanical Engineers, Canadian Army, 
served on active service overseas; post-war in Directorate of Vehicles and 
Small Arms, 1946-48 Maple Leaf Milling Co, 1948-53, jointed the NRC and 
served as a technical officer in NRC’s Technical Information Service; 1953 
joined CPDL and has served as Chief of Development and Promotion; SOCIE
TIES: Member of: Association of Professional Engineers of Ontario, Engineer
ing Institute of Canada, Licensing Executives Society of America.
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THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE
Ottawa, Thursday, October 31, 1968.

The Special Committee of the Senate on 
Science Policy resumed this day at 3.30 p.m.

Senator Donald Cameron (Vice-Chairman) 
in the Chair.

The Vice-Chairman: Senator Kinnear and 
gentlemen, we have with us this afternoon 
Canadian Patents and Development Limited.

The initial spokesman is a Canadian well- 
known to all of us, in the person of Dr. B. G. 
Ballard, who until recently was President of 
the National Research Council and now is 
President of Canadian Patents and Develop
ment Limited.

He will be assisted by another distin
guished Canadian, Air Marshal C. L. Annis; 
by Mr. F. R. Charles, the Secretary-Treasur
er; and by Mr. J. R. Johnson, Chief of Devel
opment and Promotion.

I presume, Dr. Ballard, that you will be 
making a brief statement along the lines of 
your brief.

Dr. Ballard: That is correct.

The Vice-Chairman: In view of the fact 
that you all have in front of you a biograph
ical sketch of each of the members of this 
panel, I do not think that we need to go into 
it. With your permission, I will call on Dr. 
Ballard to proceed at once.

Dr. B. G. Ballard (President, Canadian 
Patents and Development Limited): Thank 
you, Mr. Chairman. Honourable senators, on 
behalf of Canadian Patents and Development 
Limited, we are most honoured to have been 
invited to appear before you and very glad to 
place ourselves at your service.

In our written brief we have attempted to 
provide a thoroughly illuminating and com
plete description of our Corporation and its 
activities, but I surmise that honourable sena
tors may already have read the entire brief, 
so that I shall comment on it very briefly.

Expressed in condensed form, the object of 
Canadian Patents and Development Limited 
is to assist in making more available to the 
public, through industry, the patentable 
products of publicly-financed or publicly-per
formed research.

As honourable senators will recognize, our 
Corporation is neither a part of the research 
structure of our country nor is it a part of the 
industrial structure. It is a bridge which 
transfers science into the marketplace really.

I believe that at the first meeting this 
autumn of this Committee Mr. Maxwell Weir 
MacKenzie read a quotation from an Ameri
can publication, and I would like the indul
gence of this Committee to repeat one sen
tence of that quotation:

We need to bear in mind that the path 
between an invention or idea and the 
marketplace is a hazardous venture, 
replete with obstacles and substantial 
risks.

Honourable senators, it is in this hazardous 
area that Canadian Patents and Development 
Limited is operating. We endeavour to put 
the ideas of the research laboratories into 
commercial practice. We do not assume all 
the risks, but we assumed a good portion in 
this process.

Of course, the patenting process is a risk in 
itself, and we bear all of that; but once a 
patent has been obtained, we must then pro
ceed to put it into production as far as possi
ble, and it is there that we endeavour to 
share risks with industry. We do this by 
entering into development contracts, very 
often with industry, but not always— 
sometimes with universities, sometimes with 
other laboratories—to develop a device to a 
point where it is likely to be profitable.

Our Corporation was brought into being by 
the National Research Council in 1947 to han
dle inventions which had accumulated largely 
from research in the Second World War. In 
1954 the enactment of the Public Servants 
Inventions Act which, among other matters,
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empowered Ministers to transfer to our Cor
poration the administration and control of 
inventions arising in their departments and 
agencies, had the effect of our Corporation 
becoming the Government’s prime patenting 
and licensing agent. In the meantime we had 
negotiated with universities and some provin
cial bodies to handle patents which emerged 
from those organizations.

As of 31 March, 1968, our Corporation had 
received inventions for assessment from 27 
different federal departments and agencies 
and had agreements with 18 Canadian univer
sities and 5 provincial research organizations. 
The accumulated total of proposals for assess
ment—and sometimes these are referred to as 
disclosures—from all sources was 2,245, of 
which 172 were received during 1968. The 
rate of disclosure has increased by roughly 13 
per cent per annum over the last three years.

Our Corporation examines these disclosures 
for patentability and economic potential, 
makes filings for patent in the patent offices 
or jointly with others certain inventions to 
which are deemed to qualify, develops alone 
or jointly with others certain invention to 
clarify their utlity or otherwise to make them 
more attractive to potential licensees, pro
motes and licenses inventions to industry, 
collects royalties and from these pays awards to 
inventors—or in the case of non-public serv
ant inventors, to their parent organizations— 
and pays the costs of our Corporation’s opera
tions and administration. It should be men
tioned here that the Public Servants Inven
tions Act authorizes our Corporation to retain 
and use the monies collected from royalties. I 
may say that part of that is returned to the 
inventors under the schedule set up by the 
Public Servants Inventions Act.

In our brief we enumerate the disclosures 
to us last year by individual sources, and we 
have classified the disclosures by types of 
inventions. In general, the largest federal 
contributors were the National Research 
Council, the Department of National Defence, 
the Department of Energy, Mines and 
Resources, and the Department of Agricul
ture, in that order. The input from the uni
versities comprised about 17 per cent of the 
total. The largest segment of the inventions 
received comprised various types of instru
ments; the two next largest groups were 
concerned with nuclear technology and with 
the broad field of electricity and electronics.

From among the 2,245 disclosures our Cor
poration had received as at last March 31st,

we filed application for patent on 660 and 
applications were pending on 350 more, for a 
total of 1,010 or 47 per cent of the disclosures. 
Our Corporation has been successful in 
obtaining issue of patent on about 93 per cent 
of its applications, which I think is quite 
commendable.

Using such data as the Canadian Patent 
Office was able to provide, it appears that the 
Corporation at present is handling about 6J 
per cent of the total inventions for pat
enting from Canadian residents. We are not 
able to say what proportion of the total pat
entable arisings from these sources is handled 
by our Corporation.

We believe that the prompt disclosure first 
into the patent system by Canadian research
ers is important both to the Canadian econo
my and to the researchers themselves. We 
have attached, as an appendix to our brief, 
the arguments which in our opinion make this 
course of action important.

The objective of our Corporations’ Develop
ment and Promotion Branch is to license as 
many of the inventions in the Corporations’ 
inventory as possible to industry under terms 
as advantageous to the overall interests of the 
Canadian public as can be judged.

I may say that we sometimes promote 
inventions which may not yield—and we even 
might not expect them to yield—handsome 
returns financially. One I can think of at the 
moment is a suturing device which we 
believe will have an impact on the Canadian 
public in a humanitarian way. The suturing 
device will become increasingly important, 
we believe, with the general increase in num
ber of organ transplants. It enables surgeons 
to weld arteries in a fraction of the time that 
would be required by normal suturing 
practice.

However, the great majority of our inven
tions require at least some development 
before they can be put into commercial use or 
production; and many need extensive 
development.

Referring again to the quotation that Mr. 
MacKenzie read before the first autumn meet
ing, it is a broad generalization that for every 
dollar expended in the research phase of a 
project, ten more dollars, and sometimes 
much higher, are required to carry it through 
the development phase; and perhaps an 
additional hundred dollars to set up for com
mercial production and marketing.

We assist licensees pretty much all the way 
along the line. I would like to give you one
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example. On our inventory we have a radar 
altimeter which is capable of measuring not 
only the altitude above ground but also above 
tree tops, which makes it possible to survey 
rather precisely forest resources, and which 
would appear to have very special application 
in South America. We have assisted in put
ting one of these units into service in South 
America to assess its performance. We have a 
licensee for that device, and I think that this 
may produce substantial results. This is just 
one example, and I could give you many. It is 
largely a public loss if we fail to do this, but 
again there are very considerable risks in all 
of these operations.

It is our practice to advertise the availabili
ty for licensing, in an “as is’’ state, of each 
invention as soon as we have filed an applica
tion for patent on it so that no time will be 
lost in transferring it to the marketplace—if 
possible. This, of course, results in numerous 
inventions finding licensees but, even so and 
despite our vigorous promotion, many of 
these publicly-owned inventions are unable to 
acquire licensees without some further pub
licly-financed input in the form of 
development.

We have had only small success in acquir
ing licensees among the larger industrial 
organizations, and most of our patents are put 
into production by smaller firms. I think 
there is perhaps a logical reason for this. The 
larger organizations have a well developed 
line of products, and they have not the same 
incentive to embark on new product lines as 
the smaller and growing companies.

This does present one drawback, because 
the larger firms almost invariably have an 
extensive and well developed marketing sys
tem, which the smaller firm does not have. 
Nevertheless, there seems to be no answer to 
this from the point of view of our own Corpo
ration: this is a way of life with it.

A small but valuable proportion of the 
inventions which we receive are patentable as 
general processes but are dependent on these 
inventions being able to perform specific 
applications. For example, we have a group 
of related patents which, together, comprise a 
general process described as Microwave Heat
ing. By this process, together with pertinent 
equipment, it is possible to apply microwave 
energy in such a way as selectively to heat 
one substance even while it is intimately 
associated with the other substances. There 
is, of course, a very large range of individual 
substances within a great many mixes, and it 
requires some considerable development to

determine the correct constants for the equip
ment to handle any one application.

For example, in drying glues, one applica
tion is the striking strips on book matches. 
You can dry the glue, drive off the solvent 
extremely rapidly, by microwave heating 
without setting the striker material on fire— 
which obviously has some importance.

We had had other applications, some of 
which were successful, some of which were 
not. As I mentioned, we are interested in 
doing what we can for the Canadian public. 
One we tried but which was not successful, 
was a device to pasteurize beer in bottles, 
which technically can be done. I may say that 
you do not pasteurize beer for the same rea
son that you pasteurize milk. It is not to make 
it fit to drink or safe to drink; it is simply to 
preserve for a longer period of time its origi
nal flavour. However, this development has 
proved so far to be unacceptable on an eco
nomic basis.

The point is that for almost any one 
application it requires further development to 
assess the necessary constants for that par
ticular application.

Our policy is, when necessary, to pay some 
or all of the costs of preliminary develop
ment. Preliminary development projects may 
be initiated as a result of an enquiry by an 
interested potential licensee, or, alternatively, 
our Corporation will initiate them, on select
ed inventions, in anticipation of finding 
interested licensees.

Honourable senators may already have 
noted that the nature of the work and the 
equipment comprising a preliminary develop
ment, is very similar in nature to the 
research done and the equipment used which 
produced the invention, and that in fact it 
can be regarded as almost a natural extension 
to that research. Indeed, in our search for 
contractors to conduct preliminary develop
ments, it is our practice first to turn to the 
research laboratory which produced the 
invention and request it to accept a contract 
to do the preliminary development; hoping 
that the laboratory will be able to assign the 
original inventor, or someone working direct
ly under the inventor, to the management of 
the project, and to use all or some of the 
equipment used in the preliminary research 
in the preliminary development. These 
arrangements, when possible, speed the 
development and hold down costs very 
significantly.

The alternatives are much less attractive. 
They comprise problems of finding, interest-
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ing and training someone else, probably 
remote from the inventor, to conduct the 
development, find new space and buy new 
equipment. If the preliminary development 
contractor is a private company, he either has 
to charge commercial rates or else give our 
contract low priority, if he is to keep his 
business going; but the scale of costs is often 
not economically compatible with the odds for 
the preliminary development turning out 
successfully. To date we have had only limit
ed success in persuading the research 
laboratories to accept contracts from our Cor
poration to do preliminary development work.

It might be well to mention here one reason 
why this is so. The scientists are in the busi
ness not so much to produce a marketable 
product as to pursue research and to find new 
scientific truths, and their reputation with 
their peers depends upon the published 
paper; so they are much more interested in 
presenting a new scientific truth to a scientific 
fraternity than they are in developing a use
ful “gadget”—which is about the way they 
look at it. Nevertheless, we do find some of 
them that are quite willing to do this, and 
quite willing to go ahead with further devel
opment of something that has emerged from 
their own laboratory.

The development, construction and testing 
of prototypes, pilot plants or the like, is com
monly described as “engineering develop
ment”. This phase is quite different and much 
more expensive than is the preliminary devel
opment phase. Our Corporation is willing to 
consider proposals from licensees for cost and 
risk sharing in the engineering development 
phases of inventions which they have licensed 
from our Corporation. In the financing of the 
engineering development, our Corporation is 
normally willing to advance up to 50 per cent 
of the estimated cost of a project. In the 
risk-sharing we may require a guaranteed 
return from the licensee, by an agreed date 
or dates, of some or all of our Corporation’s 
financial input regardless of the extent of the 
licensee’s earnings from sale or use of the 
licensed device, process or product.

The licensees retain management of engi
neering development projects in which our 
Corporation shares the costs, although we, of 
course, maintain rights of access to inspect 
progress and to terminate our support of 
projects in which we assess progress or pros
pects to have become unsatisfactory.

During the five-year period from fiscal 
1962-63 to 1967-68, our Corporation paid out 
in cash a total of $489,500 toward the devel

opment of inventions. A total of seventeen 
inventions or “packages” of different inven
tions were so assisted. The largest single 
amount expended was $122,000 and some odd 
dollars, and the smallest $370.00, which is 
very small indeed. Preliminary developments 
and engineering developments each received 
approximately one-half of the total.

It should be mentioned that in our efforts 
to find a company willing to take a license on 
an invention which requires extensive devel
opment, we frequently find it necessary to 
offer the inducement of indirect financial 
assistance by way of a more favourable royal
ty rate or greater exclusivity of the licence. I 
may say here that in general we avoid mak
ing available exclusive licences, but some
times it becomes virtually necessary to do 
this to attract a licensee.

In our promotion of inventions we employ 
five methods, namely:

1. Publication and distribution of a 
catalogue and advertising in periodicals;

2. Exhibiting at industrial exhibitions;
3. Encouragement of visits to the Cor

poration’s offices;
4. Direct approaches to companies; and
5. Reciprocal agreements with organi

zations similar to our own in the U.K., 
Australia, India and South Africa where
by each handles the licensing and promo
tion of selected cases belonging to the 
other.

In its licensing our Corporation observes 
the policy set down by the Government in 
1954. This policy will have been noted in our 
brief.

As I mentioned earlier, we handle inven
tions arising from eighteen of the Canadian 
universities as well as from government 
research laboratories. Disclosures from the 
latter sources comprise about 83 per cent and 
from universities about 17 per cent of our 
receipts. From among the disclosures from 
universities we have filed application for pat
ent on about 22 per cent of them, and from 
among the disclosures from government 
organizations we have filed for patenting on 
about 50 per cent.

We have been able to obtain issue of patent 
on about 66 per cent of those inventions from 
universities on which we have filed applica
tions, and we have obtained issues of patent 
on about 95 per cent of the inventions from 
government organizations on which we have 
filed applications.
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In finding licensees to work the inventions 
on which our Corporation has filed applica
tion or obtained issue of patent, we are being 
successful in about 15 per cent of the uni
versity inventions and in about 35 per cent 
of the inventions coming from government 
organizations.

Whereas our experience indicates that the 
probabilities of a disclosure arising at a 
Canadian university has only about one 
chance in forty of going into commercial use, 
compared with chances of about one in six 
for disclosures coming from government 
organizations, an examination of comparable 
figures for U.S. universities suggests that 
Canadian universities enjoy a greater success 
in this field than do their U.S. counterparts. 
This may account for the fact that very 
recently an American university approached 
us to ask us if we would handle their patents 
for them.

In the U.S.A., Research Corporation, a non
profit organization established for the purpose 
in 1912, provides patent services of a nature 
almost totally comparable to those being 
provided by our Corporation in Canada, to 
about 180 colleges, universities and scientific 
institutions. In a Report of the Committee on 
Science and Astronautics of the U.S. House of 
Representatives, Eighty-Ninth Congress, 1966, 
it was stated that in the period 1946 to early 
1966 Research Corporation received about 
6,000 disclosures. From these about seven 
hundred applications for patent were filed. Of 
the sixty inventions which were licensed, just 
thirty yielded any income. In other words, 
less than 5 per cent of the inventions from 
U.S. universities which were covered by pat
ents or patent applications were in actual 
commercial use; or only about one-half of one 
per cent of the inventions submitted were 
brought into commercial use. That is to say, 
whereas an invention from a Canadian uni
versity has about one chance in forty of going 
into commercial use, the chances of an inven
tion coming from a U.S. university have 
been about one in two hundred.

We believe the higher success in licensing 
and commercial use of inventions arising in 
Canadian government research laboratories 
compared with universities is largely because 
the government projects are comprised of a 
higher proportion of applied research, the 
projects are generally of longer term, and the 
teams are more coherent for a longer period 
of time. Some university administrations do 
not feel sufficiently familiar with patenting to 
try to screen out intrinsically unpatentable

arisings from their inventors before forward
ing them to us. We experience no difficulty in 
that respect.

Figures could be provided which, if 
unqualified, would indicate that our Corpora
tion, by being successful in licensing about 
one-third of the inventions on which it is 
filing applications for patents, is substantially 
outperforming the various agencies in the 
United States and the United Kingdom.

Perhaps at this point I might say something 
about the United Kingdom organization: it 
operates in a substantially different manner 
from the Canadian. It is supported by the 
government rather handsomely by our stand
ards. At a talk given by one of their staff 
members within the last three weeks, he 
mentioned that in the chemical field the gov
ernment—as he expressed it—“sloughed off” 
on them some twenty-five million pounds for 
development, which made me sit up and take 
notice. When I asked him if this meant that 
the government insisted on them accepting 
the money, he said: “Well, no, not exactly.” I 
said: “Did you get this money without asking 
for it?” He said that, no, there had been some 
discussions. It just reveals the quite different 
order of magnitude of the operation of the 
two organizations.

An aspect of patenting and licensing which 
our figures illustrate is how long, on the aver
age, any organization which has arisings of 
only a few possibly patentable disclosures a 
year might have to wait—and meantime the 
amount of unrecovered invention-handling 
costs it might have to carry on its books— 
until the one-in-a-hundred invention comes 
along which might put its patenting account 
into the black. Conversely, the figures illus
trate the advantages of having a central 
organization such as our Corporation handling 
the arisings of inventions on behalf of a large 
group of sources.

Honourable senators will no doubt be con
scious of how small a proportion of the dis
closures of possibly patentable material, even 
those from applied research laboratories, is 
actually able to achieve commercial use; and 
you may be wondering what the public is 
getting in return for its expenditures in pro
ducing and marketing its patentable material. 
It is true that out of a total of 2,245 proposals 
for assessment which our Corporation has 
received over the years, more than one-half 
have been assessed as unsuitable for patent
ing; but, more importantly, all 2,245 were 
afforded the opportunity of expert evaluation.
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When I say “expert evaluation”, we not 
only rely on our own staff, who have become 
quite expert in this field, but we do consult 
outside people insofar as we may without 
serious disclosures, and we can discuss this 
with anyone in the government services.

Thus, to the extent that public-servant and 
university inventors are disclosing their 
thought-to-be-patentable material to their 
organizations and their organizations are for
warding it onwards to us, the public can be 
confident that patentable arisings are being 
identified and our Corporation is applying 
organized and conscientious assistance in try
ing to get the inventions into use. Our Board 
of Directors is comprised of members drawn 
from both industry and government, and our 
staff, which at present numbers 23, has been 
carefully tailored and specialized to match the 
nature and quantity of our workload.

In the matter of how much the public gains 
from this, it might be noted that the total 
royalties earned by the Corporation since its 
inception have been $3,393,000, and that, as 
a broad generalization, our royalty charges 
average from three to five per cent.

On this basis, it can be computed that the 
total business generated by the inventions 
which have been handled by our Corporation 
has been in the order of $85 million. In 1967- 
68 our total revenue from royalties was $311,- 
058, indicating business generated was in the 
order of $7,750,000. It is not possible to esti
mate accurately how much the use of the 
products resulting from the manufacture or 
use of these inventions has contributed fur
ther to the economy.

Perhaps it would be of interest to note 
what the circumstances were when the Corpo
ration came into being. I mentioned it was 
founded in 1947. At that time the National 
Research Council had built up a patents fund 
of slightly over $290,000, I think it was. When 
their patent work was transferred to the 
newly-formed company, that fund was trans
ferred to the Company, and that has been our 
working fund really, although we have sub
stantially increased it from our earnings so 
that now it is very close to a million dollars. 
It oscillates a bit; it has been over a million, 
and it is reduced at the moment; but this will 
give you some measure of the funds we use 
for operation.

We have paid out a total of $162,000 in 
awards to public servants in accordance with 
the Government regulations. We have borne 
the cost of invention evaluations, patenting, 
patent maintenance, assertions and litigations

as necessary; have invested $806,000 in the 
development of inventions, have paid the 
costs of our general operations and adminis
tration; and, as I say, we still have on hand, 
$923,289.

There is no doubt that a very large propor
tion of our inventory of inventions does not 
have the intrinsic qualities necessary to com
pete in the market-place. On the other hand, 
we are hopeful that a higher proportion of 
our inventory may find its way into public 
use if we can find better methods of identify
ing the potential and of encouraging utiliza
tion of these publicly-owned inventions.

We intend to continue searching, experi
menting and adopting any new procedures or 
techniques which appear to be more effective 
and economically beneficial to the public.

The Vice-Chairman: Thank you, Dr. 
Ballard. I have a note that coffee is ready, and 
this might be a good time to take a break. 
Then Senator Leonard will open up the 
questioning.

(Short recess)
Upon resuming:

The Vice-Chairman: It seems that scientist 
Dr. Ballard is as human as the rest of us. He 
has found he has omitted a point he wanted 
to make, and he craves the indulgence of the 
committee to register the point.

Dr. Ballard: Thank you, Mr. Chairman. I 
must say this point arose because of the ques
tions asked me during the recess. It is quite 
apparent that I did not make clear what is 
the relationship between the National Re
search Council and Canadian Patents and 
Development Limited.

Canadian Patents and Development Limited 
is, of course, a Crown corporation which is 
subsidiary to the National Research Council; 
and I mentioned that the Research Council 
had a patent fund of some $290,000 which was 
transferred to the new Corporation.

In exchange for that they got a majority of 
the shares, so that they have a controlling 
interest in it and they are represented on the 
Board of Directors.

I neglected to say anything about the Board 
of Directors. This is made up of people from 
both Government departments and industry, 
but we are moving towards a greater indus
trial representation as the terms of the Board 
members expire.

Senator Bourget: How many directors 
representing industry do you have on the 
Board at the present time?
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Dr. Ballard: At the moment there are 
officially only two members from industry, 
but there is one being appointed at the meet
ing of the Board coming up next month.

Senator Bourget: That is two out of ten, is 
it?

Dr. Ballard: Yes, but this is what we are 
endeavouring to increase, the industrial input.

Senator Leonard: May we have the names 
of the two, Dr. Ballard?

Dr. Ballard: One is Dr. Gendron, and the 
other is Mr. Wallace, President of Smith and 
Stone Limited.

Senator Bourget: Dr. Gendron represents—

Senator Leonard: Universities really, does 
he?

Dr. Ballard: No, we have no representation 
from universities, although this is something 
we have endeavoured to get, and we think we 
should have it.

Air Marshal (ret.) C. L. Annis (General 
Manager, Canadian Patents and Development
Limited): May I say, when Dr. Gendron was 
appointed he was President of Dow Brewer
ies; later he became President of the Pulp 
and Paper Research Institute, the appoint
ment he presently holds.

Senator Bourget: When he was appointed 
was he Dean of Engineering here at the Univ
ersity of Ottawa?

Dr. Ballard: No, not at that time.

Senator Thompson: Is there any particular 
reason why you take one industry, a 
representative on the Board from one indus
try? Do you purposely go after a certain 
industry or not?

Dr. Ballard: We like to mix the industries 
so that we get a broader point of view. While 
I cannot reveal any names now, the new 
member we expect to get on the Board will 
represent still a third industry.

Dr. Gendron has had experience in more 
than one industry now, and he is really in the 
pulp and paper industry at the moment. Of 
course, Brigadier Wallace is engaged in the 
electrical industry. It is our intention to 
gradually increase industrial representation.

The Vice-Chairman: Now, Senator Leonard, 
are you ready to go ahead?

Senator Leonard: Yes, Mr. Chairman. My 
first question, Dr. Ballard, is not so much 
directly related to the operations of your own 
Company as to our patent law generally; and 
I am putting it to you as one who is 
experienced, with your colleagues, in the 
operation of our Patent Act and regulations; 
also because you are a public servant and 
therefore have the public interest at heart as 
we have too.

We are interested in how our patent legis
lation affects the development of new ideas 
and new inventions for better production and 
better productivity in Canada.

My question to you is: from your own 
experience have you any comment to make to 
us, or any suggestions, as to the operation of 
our patent legislation, whether applying to 
you or applying to individuals generally? Are 
there unusual obstacles that are placed in the 
way of development of new ideas; are there 
any improvements that might be made? Have 
you any comment as to the way in which our 
patent legislation affects our science policy in 
developing new ideas and inventions?

Dr. Ballard: I would like to ask Mr. Charles 
and Mr. Annis to comment on this. Mr. Char
les in particular has been deeply involved in 
this sort of question.

Senator Leonard: Yes, I know that.

Mr. F. R. Charles (Secretary-Treasurer, 
Canadian Patents and Development Limited):
Honourable senators, the Canadian Patent 
Act has been, in my humble opinion, half 
way between the English Patent Act and the 
American Patent Act in its effect on the 
individual inventor. By this I mean that in 
England the first person to disclose the idea, 
whether he is the true inventor of not, can 
get a patent. This is called “importation from 
abroad’’ and thus you can obtain a patent; 
because their philosophy in England was: 
“We are an exporting country. The first pers
on to bring it in here we will give a patent 
and let him get busy and export”. This was 
the start of the Statute of Monopolies.

The United States was all for building up 
their own industry, and a private inventor 
cannot use anything he has done outside the 
United States to try and prove a date of 
invention for his patent.

Canada, staying half way between, has 
said: “We will find who the first and true 
inventor is”. The law here has been based on 
this very thing, that you can get into a con
flict in the Canadian Patent Office, and an
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American can win it if he can prove that he 
had developed the idea earlier, even in the 
United States. He does not have to do it in 
Canada.

This particular feature has been questioned 
a little lately by some people. I have heard 
this used as one reason why American com
panies will not do too much research in Cana
da, because the U.S. Patent Act says the only 
work that they can use to get a patent in the 
U.S. is work done in the U.S. The Canadian 
Act does allow this U.S. work to defeat our 
Canadian inventor possibly.

This is one area in which I think some 
study could be made, as to whether, as 
Canadians, we are being a little too generous. 
I have had something to do with the scientific 
research Income Tax rebate, and this is one 
of the things I had brought to my attention: 
that American companies will not set up to 
do research work in Canada because of their 
own Patent Act. They want to do it all in the 
States.

Senator Leonard: Thank you very much. 
Then, in effect, we were probably closer to 
the U.K. idea, at a time when perhaps we 
were not as much concerned as we are now 
with respect to our own development of new 
ideas and new inventions and the industry 
that might come from that. We are getting 
perhaps closer to the American thinking then 
we were perhaps some years ago.

Mr. Charles: Yes, I think this is so.

Senator Leonard: Have you any other 
suggestion along that line?

Mr. Charles: Have you something, Mr. 
Annis?

Air Marshal Annis: I am going to comment 
by reading a little bit from the Report of the 
U.S. President’s Commission on the Patent 
System in 1966, and our views on that, if I 
may. It goes as follows:

Agreeing that the patent system has in 
the past performed well its Constitutional 
mandate ‘to promote the progress of ... 
useful arts,’ the Commission asked itself: 
What is the basic worth of a patent sys
tem in the context of present day condi
tions? The members of the Commission 
unanimously agreed that a patent system 
today is capable of continuing to provide 
an incentive to research development and 
innovation. They have discovered no 
practical substitute for the unique service 
it renders.

First, a patent system provides an 
incentive to invent by offering the possi
bility of reward to the inventor and to 
those who support him. This prospect 
encourages the expenditure of time and 
private risk capital in research and devel
opment efforts.

Second, and complementary to the 
first, a patent system stimulates the 
investment of additional capital needed 
for the further development and market
ing of the invention. In return, the patent 
owner is given the right, for a limited 
period, to exclude others from making, 
using or selling the invented product or 
process.

Third, by affording protection, a patent 
system encourages early public disclosure 
of technological information some of 
which might otherwise be kept secret. 
Early disclosure reduces the likelihood of 
duplication of effort by others and pro
vides a basis for further advances in the 
technology involved.

Fourth, a patent system promotes the 
beneficial exchange of products, services 
and technological information across 
national boundaries by providing protec
tion for industrial property of foreign 
nationals.

This is on the broad policy of patent or not.
In this connection, I think it is our experi

ence that a patent is most valuable to the 
little man and to the little company. The larg
er company is less dependent because it can 
to some extent use its powers of advertising 
and creating a want.

So that we subscribe, I think, to the gener
al principles expounded in the extract I read, 
and I feel that for that segment of Canadian 
industry comprising the medium and small 
companies, which is the largest customer for 
the inventions we have to offer, the patent 
system is particularly valuable.

Senator Leonard: Thank you very much. 
Now may I go on to something about the 
finances of your Company.

The Vice Chairman: Before you ask that, 
may I just interject, Senator Leonard?

Senator Leonard: Yes.

The Vice-Chairman: I am wondering if this 
interpretation of the law explains one of the 
complaints that we have in this country as to 
why more American subsidiaries are not 
doing their research work in Canada.
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Air Marshal Annis: Yes.

Mr. Charles: I think so.

Senator Leonard: I think that could be 
deduced from what Mr. Charles said.

Air Marshal Annis: This is true, I believe.

Senator Leonard: It is something our Com
mittee perhaps might take into consideration.

Dr. Ballard, I notice that the last couple of 
years you have dropped the financial state
ment of this Company out of your National 
Research Council printed report. I imagine 
you have some good reasons for it, but I was 
interested to find out how you were getting 
along since then and I found that the infor
mation was in the Auditor General’s Report, 
and that your net profit has dropped. I am 
not particularly concerned about that, but I 
did want to have your up-to-date information.

What I am really interested in—you do not 
pay any Income Tax, do you?

Mr. Charles: No.

Senator Leonard: That is a statutory 
exemption that you have. Then you no longer 
have to hand over any profits to the Con
solidated Revenue Fund, do you? Once upon 
a time I think you did.

Mr. Charles: No, never.

Senator Leonard: So that the fund you 
have, your capital and your $920,000 odd, is 
in the nature of a revolving fund.

Dr. Ballard: Yes.

Senator Leonard: So that you can use that, 
plus any accretions that may come to it, for 
your expenditures for development purposes, 
plus your revenue.

I say that because in your brief, right at 
the very beginning and again on page 9 para
graph 24, you emphasize:—

. . .it would seem to be much to the 
advantage of the public if a governmental 
policy were proclaimed which would ena
ble and generally encourage governmen
tal research laboratories to enter into 
contracts with C.P.D.L. to do preliminary 
developments on such patentable prod
ucts of research as in C.P.D.L.’s opinion 
merit such development.

At the beginning of your brief you make a 
recommendation to the same effect. You also, 
I think on page 12, refer to this Treasury

29339—2

Board minute, and emphasize the difference 
in the meaning of the word “development”.

What I am wondering is: Are you saying 
that in some way or other you are restricted, 
whether by money, by direction or by man
power, in doing the things you want to do, 
that you ought to do, in developing these 
patents that come to you?

Air Marshal Annis: Yes.

Dr. Ballard: I do not know that it is so 
much a restriction on our part as a restriction 
that people with whom we want to deal have 
imposed on them.

Senator Leonard: You have the power; you 
are not being restricted at the moment, 
whether by money or otherwise.

Dr. Ballard: We are not being inhibited.

Senator Leonard: But other departments of 
government are.

Air Marshal Annis: Yes.

Dr. Ballard: Well, we believe so.

Air Marshal Annis: To some degree.

Senator Leonard: Can you specify some
thing more directly as to in what way they 
are inhibited?

Dr. Ballard: In the main they get money 
from the Government for a certain character 
of work which may not embrace the sort of 
thing we want.

I think Mr. Annis could enlarge on this 
very effectively.

Air Marshal Annis: I would like first of all 
to emphasize that preliminary development is 
the aspect of development with which we are 
concerned in this connection.

In this business of clarifying the utility of 
an invention to a specific application, as men
tioned in our brief, from our point of view 
the most satisfactory organization with which 
to deal and to request to carry on beyond the 
research phase to do this clarification for us, 
is that same laboratory which produced the 
invention.

It has been our experience—I have been 
with the Company for only two years but 
throughout my total experience—that the 
laboratories are generally willing in spirit, 
but they are limited by laboratory space, 
manpower, funds and their own priorities.

We have enjoyed co-operation. The Nation
al Research Council has gone out of its way,
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in connection with their inventions, to assist 
us as best they can, and they have made good 
contributions; but we do find delays in their 
ability to take on a project quickly, or per
haps at all, for the reasons I have mentioned.

Senator Leonard: It is really not so much 
that Government policy is against what you 
would like to see; but that when a particular 
department would have to put in its estimates 
a sum of money either for equipment or to 
enter into a contract with you, they either do 
not put it in or it is turned down; is that it?

Air Marshal Annis: We would have the 
money to offer to them to pay the salaries of 
the people that they assign to a task on our 
behalf; but sometimes they do not have the 
laboratory space, or they cannot make those 
people available, or they do not have the 
authorized manpower ceiling to take on the 
extra people within the limits set by Treasury 
Board; or, in the case of defence research, it 
may be that they are limited in their terms of 
reference to things which developing have a 
military connotation, and they are unable to 
move outside even to do a limited amount of 
development of something which has a 
commercial flavour.

Senator Leonard: Without getting into the 
question of overall Government policy, if you 
could sell this idea to any particular depart
ment of Government, it would be carried into 
effect, would it not?

Air Marshal Annis: We think it might assist 
them in their willingness to take on prelimi
nary development projects if they had the 
means to do them. It has not been for lack of 
co-operative spirit. We have enjoyed a co
operative attitude wherever we have turned.

Our particular trouble is with inventions 
which originated in one laboratory (particu
larly universities) where they do not have the 
resources, in many of them at any rate, to 
carry an invention on into the preliminary 
development phase. The term ends, the team 
breaks up, and whatnot.

In such cases we are compelled to look for 
a full-time laboratory and ask it to accept a 
preliminary development contract. But for 
them it is an additional workload which has 
been un -programmed, and one they are un
able under existing arrangement and with
out some sort of recognition of priority, to 
undertake.

Senator Leonard: This again may be a mat
ter of science policy.

Then one last question. This Trasury Board 
minute prescribes the methods by which you 
establish your royalties. Does that restrict 
you? I think it is on page 12 of your brief, 
where it says:—

The Crown should normally attempt to 
recover the full overall costs of patent 
exploitation, but not development 
costs...

and so on. Would you be able to obtain a 
higher royalty in some cases if it were not for 
that?

Air Marshal Annis: If I may, Dr. Ballard, I 
would like to answer the first part, and leave 
the detail to Mr. Johnson who does the 
negotiating.

I feel that vis-à-vis the United States, for 
example, we enjoy one very pronounced 
advantage, in that our Government regula
tions do permit us, when necessary, to grant 
exclusive licences, if this is in the overall 
public interest, if it is the only way in which 
we can find a licensee to get an invention into 
public use.

In the matter of the royalties that we 
charge, it has been made very clear to us by 
our Board that we are not in the business of 
us (C.P.D.L.) earning royalties for the sake of 
accumulating profits. The main criterion is the 
amount of business generated by our efforts.

So we have a very considerable latitude, 
and so far as I am aware, subject to Mr. 
Johnson’s qualification in detail, we are not in 
any way handicapped with the licensing regu
lations as they exist.

Mr. J. R. Johnson (Chief of Development 
and promotion, Canadian patents and devel
opment limited): No, we are not. I do not 
think we can say we are restricted by any of 
these things that are here.

The negotiation of a licence agreement is a 
business operation: you negotiate the terms, 
and the royalty rates are set by negotiation. 
They depend largely on what you have got to 
sell. The price comes out as to what the thing 
is worth to the man you are licensing. This 
fluctuates, and this does not have any real 
bearing.

Senator Leonard: One last question. What 
is the size of the staff of the Company?

Air Marshal Annis: There are twenty-three 
at the moment, of which almost exactly half 
are secretarial, and the other half—

Senator Leonard: Executive?
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Air Marshal Annis: Yes. The patenting 
staff. I should mention that in our patenting 
branch the majority of our officers are 
qualified as patent examiners. We farm out to 
patent firms about fifty per cent of our patent 
prosecution and the like and we do the rest of 
it in house. The remaining majority of our 
staff is the promotion branch, of which Mr. 
Johnson is the Chief.

Senator Leonard: Thank you very much. 
Thank you, Dr. Ballard.

The Vice-Chairman: Senator MacKenzie.

Senator MacKenzie: Mr. Chairman, you 
may have dealt with this when I was in the 
Senate. If so, you can disregard it.

I am interested in having Dr. Ballard or 
one of his colleagues say something about the 
work or organization in the university. I had 
a little to do with this when I was with the 
University of British Columbia, and I think it 
is fair to say that we were very happy to 
know that if the members of the staff pro
duced something or thought they had pro
duced something, they were able to turn it 
over to you to deal with and provide the best 
returns in respect of having the proposal pat
ented, if it was so suited, and providing roy
alties if any were earned.

Now, understandably, the number of profit
able patents that have been produced by the 
universities has been pretty small, because 
they are not, by and large, designed for those 
purposes; but there have been some, I 
believe.. .

Dr. Ballard: Yes.

Senator MacKenzie: . .. that have been 
found patentable and have produced profits.

Do some of the university personnel still 
take out patents on their own, independent of 
you?

Dr. Ballard: Yes, this is quite true, because 
our agreement with the university gives each 
university the right to turn their patents over 
to us or deal with them privately. We cannot 
control that. We never know what is going 
through other channels.

The attitude of the universities, I think, is 
mixed. I was talking to one university presi
dent quite recently. He thought we were tak
ing too large a share of the proceeds. It is a 
fact that we take a major part of the 
proceeds...

Senator MacKenzie: This is understandable,
of course.

Dr. Ballard: ... during the early stages, to 
recover our expenses. In the last block I 
think they get 85 per cent; everything over a 
certain amount they get 85 per cent of the 
income.

Now, there are other universities that think 
this is a grand idea. I just came back from 
the University of Calgary. They have not an 
agreement with us yet, but they said this 
would come before their Board at the next 
meeting. The people with whom I was talking 
felt our agreements show a very generous 
outlook.

So we run the whole gamut of attitudes on 
the part of the universities. The plain fact is 
we are not making much money out of 
university inventories.

Senator MacKenzie: This is understandable.

Dr. Ballard: Most of our returns come from 
the Government laboratories.

There is a mixed feeling on the part of 
universities, and, as I say, we have not any 
idea to what extent they turn profitable 
patents over to us and to what extent they turn 
the residue over to us. We certainly know 
that in at least one university, which I would 
like not to mention, they attempt to promote 
their own profitable patents, and the 
unprofitable. . .

Senator Leonard: And they turn the other 
ones over to you.

Air Marshal Annis: May I add a point 
there?

Dr. Ballard: Yes.

Air Marshal Annis: You are undoubtedly 
aware that a very significant proportion of 
university grants come from other than gov
ernment sources; and in connection with a 
great many of these there are stipulations 
that any patentable arisings from the research 
shall become the property of the grantee. So 
undoubtedly it is only a portion of the 
university-inventor products that are eligible 
to come to us.

Senator MacKenzie: We did not like that, 
incidentally, too much in the university poli
cy, because we more or less assumed that 
members of the staff were full-time members 
of the staff; and that if they incidentally dis
covered something while they were working 
as members of the staff, then they at least 
ought to share that with the institution. 
However, I do not think it has been profitable 
enough to create many serious problems.
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Dr. Ballard: I think one problem has been 
that very often grants coming particularly 
from the United States demand that the pat
ent rights really go back to the United States. 
This is something over which we have no 
control and, I suppose, the university has not 
unless it wants to refuse to accept that sort of 
grant.

Air Marshal Annis: I was going to add, we 
are unable to accept an invention by a uni
versity inventor unless the university itself is 
able to take title and transfer the title to us 
for handling. So the matter of what universi
ty inventions we handle is a matter of the 
internal policy of each university.

In the newer universities, one of the aspects 
which slows down the process of entering 
into agreements with us is the resolving of 
the internal university patent policy. These 
are non-standard right across the country. 
Each university seems to have a patent policy 
that is slightly different from every other.

Senator MacKenzie: Have you found any 
particular areas in which universities are 
likely to be more productive of patents than 
others—medicine or physics or biochemistry 
or the like; or is this a chancy thing at best?

Air Marshal Annis: I have the figures with 
me. I think they are pretty well compatible 
with the performance of other laboratories, 
but the majority of inventions that come are 
various types of instruments. What would you 
say as to other products, Mr. Johnson?

Mr. Johnson: It varies quite a bit with the 
university. For example, in U.B.C. we have 
had a lot in the mining department because 
they were quite interested in this.

The most profitable one which has ever 
come out of a university was in the phar
maceutical field; but this does not indicate 
anything very much, I do not think, because 
this is a very chancy business as to which one 
turns out to be the better.

Senator MacKenzie: Was Forward’s work in 
flotation patented?

Mr. Johnson: Some of his work was patent
ed and came through us, but the majority of 
it was not. The majority of it went straight to 
Sherritt-Gordon because he was working for 
them.

Senator MacKenzie: You mean this is 
extra-curricular beyond what he was doing 
for the University of British Columbia: he 
also had a commission from Sherritt-Gordon?

Mr. Johnson: I do not know what the 
arrangement was.

Senator MacKenzie: I am not sure I know 
either.

Dr. Ballard: I think undoubtedly Sherritt- 
Gordon was putting a lot of money into this.

Senator MacKenzie: Oh, yes.

Dr. Ballard: And I think it was understand
able they would like to get the patent right 
on what emerged.

The Vice-Chairman: Dr. Ballard, you said 
there was no university representative on 
your Board, and you were trying to get some. 
What has been the reason that you have not 
had any on the Board?

Dr. Ballard: This is rather an embarrassing 
question, but part of the reason is they have 
not been asked.

The Vice-Chairman: That is a good reason.

Dr. Ballard: Of course, getting members on 
any board is not just a matter of the presi
dent or even the executive staff saying: “We 
want this man.”

The Vice-Chairman: I know. I was wonder
ing though if having a university representa
tive on your Board might assist in getting a 
more uniform approach to the university’s 
role in the patenting field.

Dr. Ballard: We would hope that that 
would emerge. Of course, as you may know, 
we demand that each university have a pat
ent policy if we are to make an agreement 
with them. They have to have a patent policy.

We did have Dean Jamieson of McGill on 
the Board for some considerable time, but at 
the moment we have no representative from 
a university.

Mr. Johnson: I think you could say the 
negotiations with us though have been res
ponsible for firming up the patent policy of 
quite a few of the universities. They have 
come to more or less uniform arrangements 
in several cases because of their negotiations 
with us.

Air Marshal Annis: As a matter of fact, in 
recent years we have selected the patent poli
cies of four of the major universities and, 
with their permission, have distributed them 
for the information of new universities which 
were preparing for or were in the midst of 
studying and adopting a patent policy.



Science Policy 927

Senator Bourget: Mr. Chairman, it has been 
mentioned that the Corporation had a favou
rable balance on hand of $923,000. This favou
rable balance has been built up through the 
years from the time that you did receive from 
N.R.C. the amount of $296,000?

Dr. Ballard: That is correct.

Senator Bourget: This was built up by your 
own organisation without any financial help.

Dr. Ballard: That is correct.

Senator Bourget: On the other hand, a few 
minutes ago Mr. Annis was saying that there 
was some kind of lack of lab. facilities. I do 
not know exactly for what purpose it was, 
but is that lack of lab. facilities due to the 
fact that the Corporation has not enough 
funds to develop these facilities, to get better 
facilities?

Dr. Ballard: We have not at any time set 
up our own research and development facili
ties. This is all contracted out. Our trouble 
has been not lack of facilities—we have not 
ever attempted to set these up; our trouble is 
getting outside contractors, if you like, to do 
development work that we considered 
necessary.

Senator Bourget: You also mention in page 
20 that:

... despite its best efforts, at least two- 
thirds of the inventions in its inventory 
remain unlicensed.

Have you got any, I will call it, salesmen to 
sell them to some industries which would be 
interested, or is there enough contact with 
industry so as to sell those?

Dr. Ballard: We think we have a fair 
degree of contact with industry. Perhpas Mr. 
Johnson would like to speak to this.

Mr. Johnson: I think we have good contact 
with industry, but a certain number of these 
inventions are just not saleable, this is all 
there is to it. Some of them are obsolete; they 
have been displaced by newer developments. 
In some areas that are moving very rapidly, 
by the time you get a patent issued it may be 
obsolete; there may be a newer one come out 
the next day that spoils it.

There are others which are not saleable to 
Canadian industry because there is no 
Canadian industry of that type, and these we 
have to try to sell abroad. This requires more 
effort, of course, and sometimes it is difficult 
to do.

Senator Bourget: Are you selling many
abroad?

Mr. Johnson: Yes, quite a few. One particu
lar example would be a group of high vacu
um instruments, for instance. There is no 
industry in Canada producing this type of 
instrument, and we have been successful in 
licensing these in the United States, Germany 
and England, because they are very good 
instruments; but we have not licensed all of 
this package. There are some of them that 
people just do not find a market for.

In assessing an invention and deciding 
whether or not you are going to file a patent 
application, you have to make this decision in 
the very early stages, and sometimes you are 
wrong. Sometimes there is no market for it, 
whatever the invention was. You take a 
chance, hoping that a market will develop or 
hoping that by the time you get the invention 
patented, Canadian industry will have 
expanded to the point where they can use it, 
but sometimes they cannot.

Dr. Ballard: I think it would be fair to say 
that at least one Canadian industry that I can 
think of has developed mainly because of 
inventions that we held, that they are using. 
Would this not be true of Guildline 
Instruments?

Mr. Johnson: Guildline Instruments would 
be a good example, and there is another 
example of one which was established in this 
country. We have a branch of an American 
company which was established in Canada 
specifically because we had patents on what 
they considered to be an important invention, 
and we would not license it for manufacture 
outside of the country. They wanted it, and 
therefore they came and set up a branch 
plant.

Air Marshal Annis: More recently still we 
have a French company establishing here in 
Canada very largely because of some patents 
we hold. They are just in process now of 
establishing.

Senator Leonard: It seems to me, Dr. Bal
lard, I remember years ago we tried to get 
Canadian industry interested in one of your 
patents and could not, and ultimately sold it 
to Italy, as I recall it.

Dr. Ballard: That is correct.

Senator Leonard: Where it was very pro
ductive and so on. I think at the time maybe 
there was some complaint about Canadian
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industry not being ready enough to look into 
these things.

Has there been a change in that situation; 
would the same thing happen again?

Dr. Ballard: I suspect that Mr. Johnson can 
give a better answer to this. I would think 
there is some improvement, but I think it 
could still happen again.

Mr. Johnson: In certain fields. In that par
ticular case there were probably three manu
facturers in the world that made that class of 
equipment. We approached the top two and 
they would not touch it. This was a break
through into new ground, and they would not 
play with it at all. They were quite happy 
with the type of equipment they made. The 
third in the line was a little more hungry and 
a little more open to new ideas, and he took 
it on.

We had approached Canadian industry. 
While it is true that you could have found 
somebody who could have made it, there was 
nobody that could have sold it and serviced it. 
You just cannot start on a new piece of 
equipment and start a whole business with a 
sales organization and this sort of thing, 
because this has to be sold internationally. 
There is not enough market in any one coun
try. So there was no Canadian industry that 
felt they could take it on. This could happen 
again.

Senator Grosart: What was that project?

Mr. Johnson: That was an analytical plotter 
for photogrametric work.

Senator Bourget: This was given to us by 
Dr. Schneider, I think. Was it that example 
that was given to us when Dr. Scneider 
appeared before the Committee?

Mr. Johnson: It could be, yes.

Senator Bourget: He said they are now sell
ing about $23 million a year.

Mr. Johnson: That was really not quite an 
accident but it was a fortunate occurrence for 
the people that took the licence, in that after 
they took the licence the American Govern
ment became interested in the thing and let 
some large development contracts to have 
equipment built. No one knew this at the time 
they took the licence.

The Vice-Chairman: Senator Grosart.

Senator Grosart: Dr. Ballard, I would like 
to come back to your recommendation and

the comments that Senator Leonard made in 
his opening remarks.

You seem to suggest, when you use the 
words “enable” and “encourage” in respect of 
Government laboratories, that there is some 
degree of inability and perhaps lack of 
enthusiasm at the moment. If a Government 
policy were proclaimed, have you any specific 
ideas as to how you might reach your objec
tive through some kind of Government 
action? Governments do not normally merely 
proclaim a policy and get any action out of it. 
Have you any specific suggestion as to how 
this single recommendation that you make 
might be made effective?

Dr. Ballard: I will let Mr. Annis field that 
one.

Air Marshal Annis: We wrote a letter about 
a year ago to all of the departments of Gov
ernment which operate substantial research 
laboratories, and stated our problem of 
obtaining their agreement in entering into 
preliminary development contracts, and asked 
what would be their attitude, their policy.

The letters which came back in each case 
stated that they were sympathetic to our 
problem but (as I mentioned earlier) that for 
various reasons—their budgets, their man
power ceilings, their existing programs and 
their existing priorities often might not per
mit introducing an additional program, which 
was not research actually but was the first 
stage of development into their activities.

In the case of the Defence Research Board 
they were limited also by the commercial 
nature of our requests, because they are con
strained to the defence field.

Although we had a sympathetic response 
from them as individuals, and have had sym
pathetic treatment in every instance in which 
we have approached them with a specific 
request, I think they are confronted with the 
realities of the Treasury Board, budgeting, 
and all these matters that Deputy Ministers 
are confronted with; and if they did per
chance insert into their annual budget an 
amount of $50,000, or five extra people, or 
same means to keep a little bit of extra man
power available in case a development pro
ject were requested by us, they would have 
to justify that entry in their next year’s budg
et and program.

I do not know whether it is that we are not 
persuasive enough or the subject is not large 
enough to put us over this sort of hump. We 
feel that perhaps expression of willingness on 
the part of the Treasury Board to not only
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allow but to encourage research laboratories 
within the Government to take on those 
projects which we cease as being of sufficient 
significance to justify a bit of preliminary 
development, would perhaps achieve this end.

I should modify my statement by saying we 
are having some success; we are not having 
just failures by any means. We are having a 
more difficult time than we like—and I do not 
want to have that misconstrued. We under
stand the problems of the research laborato
ries, but we occasionally see good projects 
not being taken over the preliminary develop
ment hump which with a bit more push, could 
obtain development, and, certainly in the 
public interest, should.

Senator Grosart: I hope you will be able to 
make some specific suggestion, because some 
of us have been reading the Science Council’s 
Report, and the whole emphasis there is that 
we must get over this hump.

Yet here you give us evidence that you are 
coming to people and saying: “Here is how 
you do the very thing that the Science Coun
cil says is the major priority at the moment 
in science policy”; that is, to get into the 
development stage.

As I understand it, in offering the money 
and the co-operation that you are offering, 
you emphasize the word “preliminary”. It is 
exactly in this area that you find people need
ing encouragement and lacking the ability to 
get into it.

Air Marshal Annis: Yes.

Senator Grosart: What do we recommend 
to the Government; what do we say to the 
Government should be done about this? You 
have written letters to all the departments.

Air Marshal Annis: Yes.

Senator Grosart: You have written letters 
to the people who are un-encouraged already. 
Have you any kind of suggestion? I am not 
asking you to come up with an Act of Parlia
ment or anything, but it seems to me that 
from your experience there must be some 
way, because you do say “A governmental 
policy to be proclaimed.”

Air Marshal Annis: Yes.

Senator Grosart: I know you know your 
business well enough to suspect that you have 
something a little more positive than that. 
Maybe you do not care to go that far, but it 
would be helpful to us, I think, if you could 
indicate the kind of thing that might be done 
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to help you in this very vital area; because it 
is an amazing thing, it is the first time we 
have had a situation where somebody com
plains: “We cannot get people to take our 
money.”

Air Marshal Annis: We can. As we men
tioned, Mr. Johnson could be successful in 
going to commercial organizations, and pay
ing for the new equipment, the training of 
the people, and the work and their doing it at 
commercial profits; but we are dealing in an 
area where the possibilities of failure are 
pretty high, and if we pay an abnormally 
high price for preliminary research then the 
economic odds run the wrong way.

We think it is the sort of work that needs 
to be done, if it is going to be public money 
that is spent at as close to cost as possible, in 
order to make this type of development 
economically sensible.

As. Dr. Ballard mentioned at the beginning, 
we are dealing with a very tricky area when 
we are making a decision that something 
should be developed and then starting down 
the road. There are many cases where, hav
ing started down the road, the project gets 
out of control. This is the sort of danger that 
always lies in the development activity.

Senator Grosart: Senator Leonard was 
thinking the same thought as I was: Have we 
a lot of little ING’s around?

Air Marshal Annis: Precisely.

The Vice-Chairman: I wonder, Senator Gro
sart, if Dr. Ballard and his associates would 
be agreeable to thinking about this and write 
us a letter setting forth specific proposals. 
Would you be prepared to do that?

Senator Grosart: I would be unfair to press 
the question at the moment, I agree with that.

Air Marshal Annis: I suspect the solution 
may lie in some sort of collaboration with 
Treasury Board, to allow a little lump sum 
somewhere to be set up that could be made 
available to specific departments within the 
year for the sort of purpose we have been 
discussing.

Senator Grosart: That is the hard way.

Air Marshal Annis: It may be the hard 
way. May I cite a case? I am perhaps reluc
tant to mention it as a specific example 
because we have had so much co-operation 
from the National Research Council, but as 
an example.
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There is a process which may not be a 
terribly valuable one but which we thought 
might deserve some further investigation. We 
have called it reverse osmosis. It is a means 
of separating out one substance from another 
—a liquid—by having a controlled pore size 
in the diaphragm, so that the pores would be 
small enough that they can keep some 
molecules from going through and allow 
others to go through. Initial research was 
done, I think, to try to separate out salt 
molecules and desalinate water.

We had put money aside in this particular 
case to ask for some preliminary development 
and specific work. We were interested, as a 
matter of fact, in the maple syrup and maple 
sugar area, in separating out and concentrat
ing maple syrup by this technique.

We approached the particular division in 
the National Research Council, and in this 
case there was a matter of manpower ceiling, 
of total numbers allowed to the Council. To 
do this job required breaking through the 
manpower ceiling which had been set. It 
could have been done by the Council, but it 
would have been really very disruptive to an 
organization which has been very co-opera
tive in taking on this preliminary develop
ment work for us. It illustrates too, the sort 
of problem they have. We felt, within our 
Company that, with their concurrence, we 
could have hired people that were suitable to 
them, supplied these people to them and paid 
their salaries; and they could do the prelimi
nary work, and when the work was done the 
contract would be over. But the flexibility in 
adjusting manpower establishment or in 
money or adding extra facilities, is restricted 
in laboratories which are already fully loaded 
and fully programmed well ahead.

Senator Grosart: I appreciate you are not 
making a general complaint.

Air Marshal Annis: No.

Senator Grosart: However, you do say that 
you are running into specific road blocks.

Air Marshal Annis: Yes.

Senator Grosart: You are sufficiently con
cerned about them to make this your major 
recommendation. I leave that for the moment, 
but it seems to me that this is somewhere not 
too far from your “one dollar” area on page 6.

Air Marshal Annis: Yes, it is, exactly; it is 
the “dollar” area.

Senator Grosart: It is way up there. It is 
not in the hundred dollars-for-one area.

Air Marshal Annis: No.

Senator Grosart: So you are not suggesting 
huge expenses here.

Air Marshal Annis: No.

Senator Grosart: Just a little more money 
to get over this hump.

Another thing, Mr. Chairman, if I might 
suggest it to our witnesses: if they decide to 
send us along any further thoughts on this, it 
seems to me—and this is just a personal 
viewpoint—that it might be helpful if you 
also looked through our guide lines. There are 
a few questions there that are not answered 
in your brief. They may seem unimportant to 
you, but when we come back to compare the 
answers, I think if you look through again—I 
know that you cannot answer every question 
in here because every question is not applica
ble—I would suggest to you there are some 
that it would be useful to us if they were 
answered. I am not going to take the time 
now to run down them. I have marked them 
here, the ones you have not answered but I 
thought it would be helpful if they were.

Air Marshal Annis: May I say, if there is 
failure to answer, I would be the guilty offi
cer. I went through the guide and it was, of 
course, directed to research organizations; I 
ticked off everything that I thought was 
applicable to us. If we have failed to answer, 
I do apologize. It was misinterpretation.

Senator Grosart: I am not suggesting it is 
deliberate, because you are quite right that 
the brief makes a distinction between those 
departments that are fully engaged in science 
and those that are away on the periphery. I 
quite understand you may have done this. 
Perhaps we can leave it to our own 
Secretariat to suggest to you.

Air Marshal Annis: If they could be iden
tified, we would be very pleased to 
co-operate.

Senator Grosart: I am not suggesting for a 
moment that there was any deliberate 
attempt. I am only saying that, looking at it 
from a comparative point of view I notice a 
few things where I would like to see how that 
compares with another answer.

The Vice-Chairman: Gentlemen, there is a 
suggestion that we try to finish this up by 
five-thirty, because we have another engage
ment about five forty-five.
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Senator Thompson, did you have a ques
tion? I though I saw you put your hand up a 
while ago.

Senator Thompson: It is really following on 
Senator Grosart’s. I think it is perhaps 
implied in his.

I was interested in your remarks about 
scientists being more interested possibly in 
producing papers than being concerned about 
gadgetry with respect to patents. You had 
also pointed out that by patents we get 
revenue.

I wondered, because of the Treasury situa
tion and as an argument to Treasury, though 
I realize this perhaps could be very difficult: 
from the point of view of the ground work 
that is done on research, I would feel that 
possibly there could be examples where there 
had been ground work done by Canadian 
research departments; then, either in the 
States or somewhere else, they may have 
picked up on this and developed patents 
themselves, which would show a loss of reve
nue to us. Can you point out such examples?

Air Marshal Annis: I cannot off the top of 
my head.

Mr. Johnson: The most glaring example of 
that, which is not related to us, of course, is 
penicillin, which was discovered in England 
but developed in the United States, and they 
reaped all the income from it. We have not 
such a glaring example as that.

Air Marshal Annis: What about “Janet”?

Mr. Johnson: The “Janet” system? We keep 
on getting reports that the Americans have 
invented this again, but . . .

Mr. Charles: It was licensed to an Ameri
can company by us originally.

Senator Thompson: I would think, in show
ing our want of co-operation from the Trea
sury, if we could show where we had loss of 
revenue because there had not been more 
development, it would be a persuasive argu
ment to the Treasury.

Senator MacKenzie: Speaking of penicillin 
reminds me: we did keep the rights to insu
lin, did we not?

Mr. Johnson: Yes.

Senator Leonard: Canada did, yes.

Air Marshal Annis: Yes, indeed.

The Vice-Chairman: I wonder, going back 
to this matter of the interpretation of the 
Patent Act as it applies to American subsidi
aries, if Dr. Ballard and his associates have 
any more specific suggestions that they might 
make to us, to tie this down in more practical 
terms, would they feel like passing it on to 
us?

This may be getting into a dangerous, gray 
area, but we shall be expected to deal with 
this in some way or other, and you could be 
very helpful possibly.

Senator Grosart: May I ask when the 
Patent Act was last reviewed and revised?

Mr. Charles: Major review was 1935, sir.

Senator Leonard: What about the Ilsley 
Commission? Did that just deal with 
copyright?

Mr. Charles: No, it dealt with patents, but 
it has not been implemented. They have 
never brought an amendment in to the Act.

Senator Leonard: Nothing done to the 
Patent Act as a result of the Ilsley 
Commission?

Mr. Charles: Not to any extent.

Senator Grosart: This also applies to the 
Copyright Act, which has not been revised 
for about the same length of time.

Senator Leonard: Do you recall whether the 
Ilsley Commission recommended anything 
along the lines of your comments about our 
being in between the U.K. and U.S.A.?

Mr. Charles: The Commission recommend
ed some of the provisions that are in the 
British Act, such as renewal fees, to make the 
Patent Office a more self-supporting organiza
tion. The Commission recommended basing 
the priority right on the filing date so as to do 
away with conflict proceedings.

Air Marshal Annis: Yes, first to file.
Mr. Charles: Yes, first to file; that is right.
Air Marshal Annis: It recommended a com

mon test of the same kind as in most of the 
rest of the world. I think the U.S., Canada 
and the Phillipines are the three which insist 
on “first to invent” as the basis for awarding 
to the inventor. In all the rest it is a case of 
“first to file”. This is a means of avoiding 
these interference actions.

The Vice-Chairman: Are there any other 
urgent questions?
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Senator MacKenzie: It is five-thirty, sir.

The Vice-Chairman: I would like, Dr. Bal
lard, on behalf of the Committee, to extend 
our very deep appreciation to you, to Mr. 
Annis, to Mr. Johnson and Mr. Charles for 
the very useful information you have provid
ed us with; and also to say we hope that you 
will follow up the couple of suggestions that

have been made for supplementary informa
tion. Thank you very much.

Dr. Ballard: Mr. Chairman, we have been 
very grateful for the patience with which you 
have listened to our statements, and we shall 
certainly endeavour to get an answer to the 
questions that have been raised.

The committee adjourned.
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APPENDIX 7

BRIEF 
to the

SPECIAL COMMITTEE OF 
THE SENATE OF CANADA 

on
SCIENCE POLICY 

from
CANADIAN PATENTS AND 
DEVELOPMENT LIMITED 

275 Slater Street, Ottawa 4, Ontario 
CONCLUSIONS

A main conclusion—see para. 17 of the 
Brief:
“17. It is a broad generalization that for every 
dollar expended in the research phase of a 
project ten more dollars (sometimes much 
higher) will be required to carry it through 
the development phase; and perhaps an addi
tional hundred dollars will be needed to set 
up for commercial production and to market 
it. Obviously the public money spent on the 
research phase, i.e. the patent-attaining phase, 
of many potentially valuable inventions—and 
the benefits to the public that would accrue to 
placing them into use—is largely just a public 
loss unless these additional funds, facilities 
and manpower necessary for development are 
found.

RECOMMENDATIONS
A main recommendation—see para. 24 of 

the Brief:
“24. From a CPDL viewpoint it would seem 
to be much to the advantage of the public if a 
governmental policy were proclaimed which 
would enable and generally encourage gov
ernmental research laboratories to enter into 
contracts with CPDL to do preliminary 
developments on such patentable products of 
research as in CPDL’s opinion merit such 
development.

1. Canadian Patents and Development 
Limited (CPDL) is a Schedule C Agency Cor
poration of the Government of Canada des
ignated by P.C. 4115, 24-9-52. The “Designated 
Minister” through whom CPDL reports cur
rently to Parliament is the Chairman of the 
Privy Council Committee on Scientific and 
Industrial Research (P.C. 1963-773, 23-5-63).

2. Expressed in tabloid form the Object of 
CPDL is to assist in making more available to 
the public, through industry, the patentable 
products of publicly-financed and publicly or 
university-performed research.

3. The tasks performed by CPDL comprise:
(a) Receipt of “inventions” from the 

sources mentioned hereunder;
(b) Assessment of these inventions for 

patentability and economic potential;
(c) Making filings for patent in the pat

ent offices of various countries on those 
inventions assessed as qualifying;

(d) Developing alone or jointly with 
others certain inventions to clarify their 
utilities in specific applications or other
wise to make them more attractive to 
potential licensees;

(e) Promoting and licensing inventions 
to industry;

(f) Collection of royalties and from 
these paying awards to inventors (or, in 
the cases of non-public servant inventors, 
to their parent organizations) and defray
ing the costs of CPDL’s operations.

4. CPDL was brought into being by the 
National Research Council of Canada (NRC) 
in 1947 to perform, on behalf of the Council, 
such of the power conferred upon the Coun
cil, by paragraphs (h) and (i) of Section 13 of 
the National Research Council Act as the 
Council might from time to time direct, and 
all the issued shares of the capital stock of 
CPDL are owned or held in trust by the 
Council for Her Majesty in right of Canada, 
except shares necessary to qualify other per-
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sons as directors. The Board of Directors of 
CPDL at present is set at ten members; and 
the members are drawn from across Cana
dian industry and pertinent government de
partments.

5. The accumulation of inventions resulting 
from NRC research during the Second World 
War was largely the cause of CPDL coming 
into being. Once formed, however, requests to 
handle their inventions flowed from an 
increasing number of government depart
ments and agencies; and the enactment of 
the Public Servants Inventions Act in 1954 
by the federal government which, inter-alia, 
specified that Ministers were empowered to 
transfer the administration and control of 
inventions to CPDL opened the way to CPDL 
becoming the Canadian government’s prime 
patenting and licensing agency. Meantime 
CPDL had made provision for entering into 
Agreements with universities and provincial 
research organizations to handle their 
inventions.

6. As at 31 March 1968 CPDL had received 
inventions for assessment from 27 different 
federal departments and agencies (including 
all those which operate scientific research 
laboratories) and had Agreements with 18 
Canadian universities and five provincial 
research organizations to handle their inven
tions. The accumulated total of proposals for 
assessment from all sources was 2,245 of 
which 172 were received during 1967-68. This 
was 14 more than the previous year, which, 
in turn, was 21 more than in 1966-67. It is 
difficult to forecast whether this annual 
increase of approximately 13% will persist.

7. Of the 172 proposals for assessment 
received in 1967-68 41 originated with the Na
tional Research Council, 37 from the Depart
ment of National Defence, 30 with Atomic 
Energy of Canada Limited, 13 from the De
partment of Energy, Mines and Resources, 7 
from the Department of Agriculture, 9 from 
among four other government departments 
and agencies, 29 from universities and 6 from 
provincial research organizations. Among the 
universities forwarding proposals for patent 
the most received from any university 
was 6. Another university forwarded 5 and 
two others 4 each. A further eight universities 
contributed 10 proposals. No inventions were 
offered for assessment by seven universities.

8. Among the 172 proposals for assessment 
received in 1967-68:

—46 were various types of instruments (33 
to do some kind of measuring or testing);

—23 were concerned with nuclear 
technology;

—21 were in the general field of electricity;
—14 were in the broad field of human 

necessities, e.g. agricultural devices, food
stuffs, etc.;

—the remainder were distributed through 
such fields as chemistry, metallurgy, per
forming operations, e.g. separating, mix
ing, metalworking, transportation, etc., 
and mechanics.

The distribution of kinds of inventions, e.g. 
the high proportion of instrument, nuclear 
and electrical offerings, was consistent with 
past years.

9. Of the accumulated total of 2,245 propo
sals for assessment which have been received 
over the years CPDL has obtained patents on 
660 different inventions and applications were 
pending on 350 more. CPDL has been able to 
obtain patents on about 93% of the inventions 
on which it has filed application for patent. 
The aforegoing figures thus denote that CPDL 
has filed applications for patent on about 47 % 
of the proposals for assessment which it has 
received.

10. Using such data as the Canadian Patent 
Office was able to furnish from its records it 
appears that CPDL at present is handling 
about 64% of the total applications for patent 
which are made to the Canadian Patent Office 
by applicants residing in Canada.

11. It should be mentioned that approxi
mately 90% of the inventions received from 
AECL are concerned with nuclear reactor 
technology and the promotion and licensing of 
these is handled by AECL.

12. CPDL has no reliable date to indicate 
what percentage of the thought-to-be-patenta- 
ble material arising in federal government 
departments and agencies, Canadian universi
ties and provincial research organizations is 
being forwarded to CPDL. Insofar as arisings 
in the federal departments and agencies are 
concerned it seems that almost all the inven
tions being disclosed by the inventors to the 
heads of their respective departments and 
agencies are being transferred to CPDL for 
assessment, patenting, development, promo
tion and licensing, etc. In their Agreements 
with CPDL the universities and provincial 
research organizations reserve the right to 
forward only such inventions as they elect. 
Only a portion of the university research in 
Canada is financed from federal grants and 
CPDL believes that a high proportion of the 
inventions arising from these is forwarded to
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CPDL. At least some of research grants from 
other sources are on condition that the donors 
of the grants have title to any patentable 
arisings that may result therefrom. Thus 
CPDL is unable to state what proportion of 
the total patentable arisings of publicly- 
financed and publicly or university-performed 
research it is handling.

13. Although there are no reliable data 
available on what amounts of patentable 
material are not being disclosed into the pat
ent system by researchers in the Canadian 
public service, universities, etc., it does seem 
important to the Canadian economy as well as 
being beneficial to the inventors themselves 
that patent protection should be sought for all 
worthwhile material arising in Canada. The 
text of a letter CPDL sent to all its sources of 
proposals for patenting which explains the 
importance and advantages of researchers dis
closing all their possibly-patentable material 
into the patent system is attached hereto as 
Annex ‘A’.

14. The staff of CPDL under a President 
(who is also chairman of the Board of Direc
tors) and a General Manager is organized into 
two main operating divisions, i.e. a Patent 
Branch and a Development and Promotion 
Branch, as well as into orthodox administra
tive, financial and specialist services. The 
Patent Branch handles the work which has 
already been described, i.e. the receipt and 
assessment from a patenting viewpoint of 
proposals for patenting, the filing and prose
cution of applications for patent, and patent 
maintenance. CPDL’s legal staff drafts devel
opment contracts and licensing and other 
agreements and is concerned with the asser
tions and litigations which from time to time 
become necessary because of infringements 
on CPDL’s patents.

15. The objective of the Development and 
industry under terms as advantageous to the 
inventions in CPDL’s inventory as possible to 
industry under terms as advantages to the 
overall interests of the Canadian public as 
can be judged and negotiated in each case.

16. As already mentioned the great majori
ty of inventions coming to CPDL are the pat
entable products of research made by scien
tists using laboratory equipment and on a 
laboratory scale. Therefore these inventions, 
in the state in which they reach CPDL, usual
ly require at least some development before 
they can put into commercial use or produc
tion; and many need extensive development.

17. It is a broad generalization that for 
every dollar expended in the research phase

of a project ten more dollars (sometimes 
much higher) will be required to carry it 
through the development phase; and perhaps 
an additional hundred dollars will be needed 
to set up for commercial production and to 
market it. Obviously the public money spent 
on the research phase, i.e. the patent-attaining 
phase, of many potentially valuable inven
tions—and the benefits to the public that 
would accrue to placing them into use—is 
largely just a public loss unless these addi
tional funds, facilities and manpower neces
sary for development are found.

18. It is CPDL practice to advertise the 
availability for licensing, in an “as is” stage, 
of each invention as soon as CPDL has filed 
an application for patent on it. In as much as 
a period of about three to five years elapses 
between filing for patent and issue of patent 
this prompt advertising gives industry 
improved opportunity to apply for licenses to 
use those inventions which they assess as 
worth their developing and marketing. This 
results in numerous inventions finding licen
sees but, even so and despite vigorous CPDL 
advertising, exhibiting and direct approaches 
to individual industries, many of these pub
licly-owned inventions are unable to acquire 
licensees without some further publicly 
financed input in the form of development.

19. It should be mentioned at this point that 
CPDL has had only small success in acquiring 
licensees among the larger sized companies, 
i.e. companies large enough to operate or 
finance their own research. Thus the segment 
of industry which has benefited most from 
the patentable products of publicity per
formed research is the medium and small 
companies. Generally these companies need to 
expand or diversify their range of products 
but they seem to experience greater difficul
ties in financing and conducting development 
(and the associated research that sometimes 
becomes necessary).

20. CPDL is very conscious of the benefits 
that can accrue to the Canadian economy 
through the growth of smaller companies into 
flourishing enterprises.

21. A small but valuable proportion of the 
inventions reaching CPDL are patentable as 
general processes but success in finding licen
sees is dependent on these inventions being 
able to perform specific applications. As an 
example, CPDL possesses a group of related 
patents which, together, comprise a general 
process described as Microwave Heating. By 
this process, together with pertinent equip
ment, it is possible to apply microwave ener-
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gy in such a way as selectively to heat one 
substance even while that substance is inti
mately associated with one or more other 
substances. In the applied research which 
produced the patentable inventions enough 
examples of selective heating were demon
strated to show justification for issue of pat
ent. However there is a very large range of 
individual substances within a great many 
mixes of substances among which a variety of 
potential licensees may wish to heat selective
ly, for example heating and very rapidly 
driving off the solvent in the glue along the 
edge of a pad of paper or heating and very 
rapidly driving off the solvent in the striking 
strips on book matches without setting the 
strips on fire, etc. In order to interest a 
potential manufacturer in licensing the 
microwave heating patents for a specific 
application it is first necessary to show him 
that the process is, at least technically, able 
selectively to heat the substance in which he 
is interested. To do this requires a develop
ment project. (This type of development is 
often described as “preliminary develop
ment.

22. CPDL policy is, when necessary, to pay 
some or all the costs of “preliminary develop
ment”. Preliminary development projects may 
be initiated as a result of an enquiry by an 
interested potential licensee or, alternatively, 
CPDL will initiate them, on selected inven
tions, in anticipation of finding interested 
licensees.

23. The reader may already have noted that 
the nature of the work and the equipment 
comprising a preliminary development is very 
similar in nature to the research done and the 
equipment used which produced the inven
tion, and that in fact it can be regarded as 
almost a natural extension to that research. 
Indeed, in its search for contractors to con
duct preliminary developments it is CPDL 
practice to turn first to the research laborato
ry which produced the invention and request 
it to accept a contract to do the preliminary 
development hoping that the laboratory will 
be able to assign the original inventor (or 
someone working directly under the inventor) 
to the management of the project and to use 
some or all of the equipment used in the 
research in the preliminary development. 
These arrangements, when possible, speed the 
development and hold down costs very sig
nificantly. The alternatives are much less 
attractive. They comprise problems of 
finding, interesting and training someone else 
probably remote from the inventor to conduct

the development, finding new space and buy
ing new equipment. If the preliminary devel
opment contractor is a private company he 
either has to charge CPDL commercial rates 
(or else give the CPDL contract low priority) 
if he is to keep his business going but this 
scale of costs is often not economically com
patible with the odds for the preliminary 
development turning out successfully. To date 
CPDL has had only limited success in per
suading the research laboratories to accept 
contracts from CPDL to do preliminary de
velopments, particularly on inventions origin
ating outside their own laboratories.

24. From a CPDL viewpoint it would seem 
to be much to the advantage of the public if a 
governmental policy were proclaimed which 
would enable and generally encourage gov
ernmental research laboratories to enter into 
contracts with CPDL to do preliminary 
developments on such patentable products of 
research as in CPDL’s opinion merit such 
development.

25. The development, construction and test
ing of prototypes, pilot plants or the like is 
commonly described as “engineering develop
ment”. The basic object of engineering de
velopment is to learn whether to go onwards 
into developing a production model or process 
and to ascertain the specifications which the 
production model or process should possess. 
In this phase competitive economic perfor
mance clearly shares attention with technical 
performance. Successful completion of engi
neering development often calls for some 
associated research. The reader will recognize 
that engineering development generally is 
much more expensive and requires equip
ment and facilities additional and different to 
those used in the research or preliminary 
development phases.

26. CPDL is willing to consider proposals 
from licensees for cost (and risk) sharing in 
the engineering development phases of inven
tions which they have licensed from CPDL 
and is often able to assist in obtaining some 
or all of the associated research. In the 
financing of the engineering development 
CPDL is normally willing to advance up to 
50% of the estimated cost of a project. In the 
risk sharing CPDL may require a guaranteed 
return from the licensee by an agreed date or 
dates of some or all of CPDL’s financial input 
regardless of the extent of the licensee’s earn
ings from sale or use of the licensed device, 
process or product.

27. The licensees retain management of 
engineering development projects in which
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CPDL shares the costs although CPDL, of 
course, maintains rights of access to inspect 
progress and to terminate CPDL support of 
projects in which CPDL assesses progress or 
prospects to have become unsatisfactory.

28. During the five-year period from fiscal 
1962-63 to 1967-68 CPDL paid out in cash a 
total of $489,500 toward the development of 
inventions. A total of 17 inventions or “pack
ages” of different inventions were so assisted. 
The largest single amount expended was 
$122,852.58 and the smallest was $370.00. Pre
liminary developments and engineering 
developments each received approximately 
one-half of the total.

29. It should be mentioned that in its efforts 
to find a Company willing to take a license 
on an invention which requires extensive 
development CPDL frequently finds it neces
sary to offer the inducement of indirect finan
cial assistance by way of a more favourable 
royalty rate, or in the exclusivity of the 
license, or in the extent of the geographical 
area in which the license may be exercised, 
or in some combination of these.

30. In its promotion of inventions CPDL 
employs five methods:

—the publication and distribution of a cata
logue of the inventions in CPDL’s inven
tory which are available for licensing. 
The catalogue—called the Patents Hand
book—is published in loose leaf form to 
facilitate the incorporation into it, by 
holders of the Handbook, of descriptions 
of new inventions as they become avail
able. These are distributed in the form of 
amendments. The Handbooks are dis
tributed on request and the number in 
present circulation is approximately 3050 
of which about 2150 are to Canadian 
addressees. In addition CPDL advertises 
its inventions in various periodicals and 
in invention listing services, some of 
which have large circulations in other 
countries.

—CPDL exhibits regularly at industrial 
exhibitions. The CPDL booth invariably 
attracts substancial attention and pro
duces good contacts which are fol
lowed up. This is the most productive 
single form of promotion that CPDL 
experiences.

—encouragement of visits to CPDL’s offices 
by Companies interested in a particular 
invention or line of inventions. It is in 
this form of contact that CPDL can usu
ally give the most complete assistance to

prospective licensees. It often includes 
the examination of models or products in 
the CPDL model room or visits to the 
laboratories where the invention was 
made, or the like.

—direct approaches, both written and per
sonal visits to companies. In these CPDL 
is careful not to give unfair advantage to 
one company if the invention seems like
ly to evoke an interest from several 
companies.

—CPDL has reciprocal agreements with the 
National Research and Development Cor
poration in the United Kingdom and with 
similar organizations in Australia, India 
and South Africa whereby each handles 
the promotion and licensing of certain 
cases belonging to the other in return for 
a percentage of any royalty income 
received.

31. In its licensing CPDL observes the poli
cy set down by the government in Treasury 
Board Minute 468904 dated 18 August 1954. 
This Minute states, inter-alia, that the follow
ing principles are to govern the disposition of 
Crown-held patent rights:
a. The public interest is best served when 

inventions become generally available 
through successful commercial production.

b. Within Canada:
(1) Non-exclusive licenses should be 

granted where practical; exclusive 
licenses only where there appears to 
be no other expedient way of exploit
ing a patent.

(2) The Crown should normally attempt 
to recover the full overall costs of pat
ent exploitation, but not development 
costs. To this end royalties should be 
calculated on the basis that when 
added to the cost of production the 
selling price will not deter the devel
opment and distribution to the public 
of such inventions.

(3) Where exclusive licenses are granted, 
however, due consideration must be 
granted in the fixing of royalties to 
the advantage granted the licensee as 
well as the benefit to the public in 
distribution of such development.

c. For exploitation outside Canada:
(1) Ordinary commercial principles should 

normally apply and appropriate royal
ty charges be made.

(2) Under special circumstances, royalty- 
free licenses may be granted to gov-
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ernments of countries other than 
Canada.

32. In connection with the term “develop
ment" as first used in para. b(2) above CPDL 
interprets it to mean the research and any 
preliminary development needed to produce 
and “sell’ the invention; and as used in the 
second sentence to mean the engineering or 
operational development to put the invention 
into use.

33. The reader may well be wondering 
what percentage of the patentable, publicly- 
owned inventions which enter CPDL’s inven
tory does CPDL succeed in licensing to 
industry and how does this compare with per
formance in other countries, particularly the 
USA. Both of these questions are very diffi
cult to answer; the first largely because a 
licensee for a patent (or, in some instances, 
several licensees) may be found at any time 
from about when the patent is first applied 
for until about three years or so before the 
patent expires—a total span of about 15-18 
years. Therefore the fully-completed records 
are always more than a decade or so behind 
the times. The problem of comparing with the 
USA is so complicated as not to be meaning
ful partly because Canada has primarily just 
the one agency, CPDL, for handling publicly- 
owned inventions whereas the USA has a 
great many; partly because the proportions 
and ranges of Canadian and US research 
differ very greatly; partly because Canadian 
regulations permit granting exclusive licenses, 
if necessary, on Canadian government-owned 
inventions whereas in the USA exclusive 
licenses on government-owned inventions are, 
with some exceptions, not permissible; and 
for a number of other reasons.

34. Based on experience accumulated over 
the past fifteen years or so and using it to 
extrapolate the licensing performance accom
plished during the five-year period 1962-63 to 
1967-68, it can be stated, fairly accurately we 
believe, that CPDL is presently being 
successful in finding licensees for approxi
mately one-third of the inventions on which it 
is filing applications for patent. (In making 
this estimate due allowance has been made 
for the fact that a high proportion of the 
inventions received from Atomic Energy of 
Canada Limited (AECL) are concerned with 
nuclear reactor technology and these are han
dled by AECL.)

35. In addition to handling the arisings of 
thought-to-be-patentable material from the 
research and development activities in public
ly-owned laboratories CPDL also has Agree

ments for handling the arisings in 18 
Canadian universities. In the USA, Research 
Corporation, a non-profit organization estab
lished for the purpose in 1912, provides pat
ent services, of a nature almost totally com
parable to those being provided by CPDL in 
Canada, to about 180 colleges, universities and 
scientific institutions.

36. In a Report of the Committee on 
Science and Astronautics of the US House of 
Representatives, Eighty-Ninth Congress 1966, 
it was stated that in the period 1946 to early 
1966 Research Corp. received about 6000 dis
closures. From these about 700 applications 
for patent were filed. Of the 60 inventions 
which were licensed just 30 yielded any 
income. In other words less than 5 per cent of 
the inventions from US universities which 
were covered by patents or patent applica
tions were in actual commercial use. Or only 
about one-half of 1 per cent of the “inven
tions" submitted were brought into commer
cial use.

37. In 1948 CPDL entered into its first 
agreement with a university to handle its dis
closures of inventions and by 1968 had such 
agreements with 18 Canadian universities. As 
at 31 March 1968 CPDL had received a total 
of 192 disclosures and from these had filed 42 
applications for patent—a filing vs. disclosure 
rate of somewhat more than one in five. 
CPDL has been successful in obtaining issue 
of patent on about two-thirds of the univer
sity cases on which it has filed applications 
for patent (compared with issue on over 95 per 
cent from filings made from among disclo
sures originating in government research 
organizations). University disclosures com
prise about 17 per cent of CPDL’s annual 
receipts from all sources and about 8 per cent 
of CPDL’s annual filings for patent. Of the 
total of 6 university inventions which CPDL 
has been able to license 5 have yielded some 
income. Thus about one-eighth of the univer
sity inventions which CPDL has covered by 
patents or patent applications are in use.

38. Whereas a disclosure of an invention to 
CPDL by a Canadian university has had con
siderably better success in gaining commer
cial use than has a disclosure from a US 
university to Research Corp. the fact still 
remains that the chances even of a Canadian 
university disclosure going into commercial 
use have been low compared with disclosures 
from Canadian government organizations, i.e. 
about one chance in 40 compared with about 
one chance in six.
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39. CPDL believes the higher success in 
licensing and commercial use of inventions 
arising in Canadian government research 
laboratories compared with universities is 
largely because the government projects are 
comprised of a higher proportion of applied 
research, the projects are generally of longer 
term and the compositions of the individual 
research teams fluctuate less. Also some univ
ersity administrations do not feel sufficiently 
familiar with the patenting process to try to 
screen out intrinsically unpatentable arisings 
from their inventors before forwarding them 
to CPDL. (This is not troublesome to CPDL.)

40. In an address some years ago the presi
dent of Research Corp. summarized the 
economics of licensing inventions as follows: 
“Experience has shown that on the average 
only about one in a hundred patents really 
yields a considerable excess of royalty income 
over patent and development expenses; only 
about nine patents out of the hundred show 
some net return and only twenty out of the 
hundred barely break even; the remaining 
seventy patents are a net loss to the patent 
owner. In other words, for a pool of patents 
to break even, the ten financially successful 
ones must more than carry the ninety which 
lose or just break even.” The speaker was 
referring to the licensing of inventions arising 
from US universities. Insofar as licensing 
inventions from Canadian universities is con
cerned, CPDL’s experience coincides closely 
with that of Research Corp. However, 
although CPDL has not investigated the com
parable figures for royalty revenue from 
inventions arising from laboratories conduct
ing higher proportions of applied research 
than has been the case in universities, CPDL 
experience indicates that more than nine in a 
hundred of the patents arising out of applied 
research—-perhaps as many as fifteen among 
the hundred—may average some net return.

41. An aspect of patenting and licensing 
which the above figures illustrate is the 
difficulties which face an institution which 
has just small arisings of possibly-patentable 
material to handle each year. For example 
the average arisings of patentable inventions 
forwarded to CPDL throughout CPDL’s 
twenty years of handling university inven
tions has been about 0.14 invention per univ
ersity per year. It is clear that if each univ
ersity handled the patent assessment, prose
cution, maintenance, promotion, licensing, 
litigation and administration of just its own 
arisings it would have to wait on the average 
more than two hundred years before the one-

in-one hundred highly profitable invention 
arose which could be expected to abate the 
expenses incurred meantime in handling the 
“losers” and to put the university patenting 
account into the black. On the other hand the 
fact that CPDL operates a “pool” for inven
tions has made it possible, insofar as the 
Canadian universities are concerned, for 
CPDL (as at 31 March 1968):

—to carry the costs ($48,846.48) of handling 
all disclosures including the very large 
proportion which have generated nothing 
but costs. (Such of these costs as are not 
yet abated will be recovered only to the 
extent that arisings of successful inven
tions at individual universities permit 
abatements of the net debits in the 
individual accounts that CPDL carries for 
each university. The debit entries com
prise costs incurred by CPDL in handling 
the individual proposals for patenting.)

—to pay out a total of $162,078.60 to the two 
universities which have had royalty-earn
ing inventions.

—to show a net surplus balance of $19,341 
after 20 years of operating its Agreements 
with universities.

42. In assessing the figures about university 
inventions set out in the immediately preced
ing paragraphs it is an important point to 
note that because the “pooling” in CPDL of 
the handling of university inventions 
dramatically reduces the risks of financial 
losses to universities and university inventors 
it no doubt results in many more inventions 
being put forward for evaluation than would 
otherwise occur. Whereas it is true that out of 
192 university disclosures which have been 
offered to CPDL 150 have failed to obtain 
filings for patents, more importantly all 192 
were afforded the opportunity of expert 
evaluation and, as a result, 42 applications for 
patents were filed and thus far licensees have 
been found for six of them. Five of these six 
have earned royalty revenue. Although four 
of the five inventions have enjoyed only small 
earnings the fifth has been one of the one-in- 
a-hundred patentable inventions which are 
real “winners”. As at 31 March 1968 the total 
royalty earnings of these five inventions was 
$231,265.91. This amount of royalties suggests 
that the public has benefited, in terms of the 
business generated by these inventions, to an 
amount in the order of $3,750,000. The inven
tion which has been by far the greatest earn
er is a drug which trials showed to be effec
tive in the treatment of Hodgkin’s disease, 
leukemia and some cancers. It is not possible
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to place a value on the benefits received by 
the users of the products of this invention.

43. Although a few government departments 
and agencies have arisings of up to about 
forty proposals for patenting per year these 
are actually quite small numbers and general
ly the same advantages apply to “pooling” the 
handling of their inventions with CPDL as is 
the case with universities.

44. The reader of the above figures will no 
doubt be conscious of how small a proportion 
of the disclosures to CPDL of possibly-patent- 
able material, even those from applied 
research laboratories, are actually able to find 
their way into commercial use and he may be 
wondering how much expenditure of effort 
and public funds the evaluation, patenting, 
patent maintenance, development, promotion, 
licensing and administration of this material 
deserves. In seeking an answer to this ques
tion it seems important that it be approached 
not from the viewpoint of how much royalties 
do the inventions earn but, far more impor
tantly, of how much are the users of the 
invention, i.e. the Canadian public, benefited. 
As a broad generalization CPDL royalty 
charges average about 3 to 5 per cent of the 
licensee’s selling price. (In certain circum
stances they can be much lower or much 
higher). Thus for every dollar of royalties 
CPDL receives it may be assumed that about 
twenty-five dollars of business has been gener
ated at the manufacturing or processing lev
el. As at 31 March 1968 CPDL’s total earnings 
from royalties since its inception were $3,392,- 
918, and this suggests that the proportion of 
the patentable arisings of Canadian govern
ment and university research which has been 
handled by CPDL has generated a total of 
about $85,000,000 of business. In 1967-68 
CPDL’s total revenue from royalties was 
$311,058 indicating business generated was in 
the order of $7,750,000. It is not possible to 
estimate how much the use of the products 
resulting from the manufacture or use of the 
inventions contributed further to the 
economy.

45. Shortly after CPDL’s incorporation in 
1947 the National Research Council of Canada 
transferred its patent fund of $296,199 to 
CPDL in exchange for shares. With this 
working capital the Corporation has since 
been able to operate—without further 
expense to the public—from the revenues 
received from inventions it has licensed. 
Meantime CPDL has paid out a total of $162,- 
000 in awards to public servants in accord
ance with government regulations; has borne

the costs of invention evaluations, patenting, 
patent maintenance, assertions and litigations 
as necessary; has invested $806,000 in the 
development of inventions and has paid the 
costs of general CPDL operations and 
administration and, as at 31 March 1968, the 
Corporation had a favourable balance on 
hand of $923,289.

46. Although this record of achievement is 
probably satisfactory CPDL is conscious that 
despite its best efforts at least two-thirds of 
the inventions in its inventory remain unlic
ensed. There is no doubt that a large propor
tion of these as yet unlicensed inventions just 
do not have the intrinsic qualities necessary 
to compete successfully in the market place. 
On the other hand it seems not unlikely that 
a higher proportion of the inventions than at 
present might find its way, via industry, into 
public utilization if CPDL could find better 
combinations of advertising and of identifying 
the potential and encouraging the utilization 
of these publicly-produced inventions. To this 
end CPDL will continue to search, experi
ment and to adopt those techniques and 
procedures which appear to be more effective 
and economically beneficial to the public 
interest.

ANNEX “A”
DISCLOSURE IN CANADA OF 

PATENTABLE MATERIAL

The following is the text of a letter des
patched by Canadian Patents and Develop
ment Limited in June 1967 to all federal 
departments and agencies conducting techni
cal research or development and to the five 
provincial research organizations and the 
seventeen Canadian universities with which 
CPDL had Agreements to handle their aris
ings of inventions:

“An extract from the Report of the (U.S.) 
President’s Commission on the Patent System, 
1966, says:

“Agreeing that the patent system has in 
the past performed well its Constitutional 
mandate ‘to promote the progress of... useful 
arts,’ the Commission asked itself: What is 
the basic worth of a patent system in the 
context of present day conditions? The 
members of the Commission unanimously 
agreed that a patent system today is capable 
of continuing to provide an incentive to 
research, development, and innovation. They 
have discovered no practical substitute for 
the unique service it renders.

“First, a patent system provides an incen
tive to invent by offering the possibility of
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reward to the inventor and to those who sup
port him. This prospect encourages the ex
penditure of time and private risk capital 
in research and development efforts.

“ ‘Second, and complementary to the first, a 
patent system stimulates the investment of 
additional capital needed for the further 
development and marketing of the invention. 
In return, the patent owner is given the right, 
for a limited period, to exclude others from 
making, using, or selling the invented prod
uct or process.

“ ‘Third, by affording protection, a patent 
system encourages early public disclosure of 
technological information some of which 
might otherwise be kept secret. Early disclo
sure reduces the likelihood of duplication of 
effort by others and provides a basis for fur
ther advances in the technology involved.

“ ‘Fourth, a patent system promotes the 
beneficial exchange of products, services, and 
technological information across national 
boundaries by providing protection for indus
trial property of foreign nationals.’

“We in CPDL receive disclosures of patent- 
able or thought-to-be-patentable material 
flowing from publicly-financed and publicly or 
institutionally conducted research and we file 
for patent on all which we assess as being 
patentable and worth the costs. We are very 
conscious of the worth of the patent system 
and thus of the benefits to Canada (and to the 
researchers themselves) of researchers dis
closing their patentable or possibly patentable 
discoveries first into the patent system.

“We are aware, on the one hand, that sig
nificant amounts of patentable material origi
nating from Canadian research have been 
published, without prior disclosure into the 
patent system, in open publications with wide 
international circulation and much of the 
potential benefit to the Canadian economy has 
been lost. On the other hand, we suspect that 
considerable amounts of patentable material 
are not being disclosed at all by researchers.

“Or studies lead us to conclude that moti
vation of researchers to disclose their discover
ies into the patent system is divided between 
self and altruistic, e.g. patriotic interests, and 
that the self-interests are dominant. They 
comprise a mix of psychological and economic 
motivations. Thus we think an exhortation to 
researchers to disclose their discoveries first 
into the patent system should begin by 
appealing to their self-interests.

“We consider the most cogent arguments to 
be:

—by disclosing first into the patent system 
the researcher gains a large international 
audience (like the monetary system the 
patent system is world-wide) additional 
to the general readership of scientific 
journals and proceedings without penaliz
ing freedom to publish also through these 
channels.

—the searches through national Patent Offices 
by those who are seeking to obtain patent 
on behalf of the researcher usually fur
nish him with valuable information about 
directly associated work in his field.

—the financial awards which may be grant
ed to inventors under provisions of the 
Public Servants Inventions Act are 
substantial.

—unless patentable discoveries made in 
Canada are patented by Canadians much 
of the potential for economic benefits to 
Canada is lost. It is therefore a patriotic 
duty of Canadian researchers to disclose 
their patentable discoveries first into the 
patent system.

“We think large numbers of researches are 
unaware of these arguments; and we believe 
it to be much to their own as well as to 
national advantage that they do know of 
them. This letter is earnestly to solicit your 
assistance in conveying these thoughts 
onwards to your researchers, as directly and 
as frequently as suitable opportunities will 
permit.”
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ORDERS OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday, 
September 17 th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the 
light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the 
Federal Government in the fields of physical, life and human 
sciences;

(c) federal assistance to research and development activities 
carried out by individuals, universities, industry and other groups 
in the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements and 
the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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Extract from the Minutes of the Proceedings of the Senate, Thursday, 
September 19th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the 

Honourable Senator Benidickson, P.C. :
That the name of the Honourable Senator Robichaud be substituted 

for that of the Honourable Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER,
Clerk of the Senate
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MINUTES OF PROCEEDINGS
MORNING SITTING 

(First Session)

Wednesday, November 6, 1968.
Pursuant to adjournment and notice the Special Committee on Science 

Policy met this day at 10.00 a.m.
Present: The Honourable Senators Lamontagne (Chairman), Aird, Belisle, 

Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, MacKenzie, Thompson 
and Yuzyk—12.

Present but not of the Committee : The Honourable Senator J. J. MacDonald
—1.

In attendance:
Philip J. Pocock, Director of Research (Physical Science).

The following witnesses were heard:

SCIENCE COUNCIL OF CANADA:
Dr. Omond M. Solandt, Chairman;
Dr. Roger Gaudry, Vice-Chairman, Rector of the University of Montreal. 

(A curriculum vitae of each witness follows these Minutes.)
At 1.00 p.m. the Committee adjourned until 8.00 p.m. this day.

EVENING SITTING 
(Second Session)

The Committee resumed at 8.00 p.m., the Chairman, Senator Lamontagne, 
presiding.

Present: The Honourable Senators Lamontagne (Chairman), Aird, Bourget, 
Cameron, Grosart, Hays, Kinnear, MacKenzie, Thompson and Yuzyk—10.

In attendance:
Philip J. Pocock, Director of Research (Physical Science).

The morning witnesses were further questioned together with the following 
persons:

SCIENCE COUNCIL OF CANADA:
James Mullin, Secretary and Dirk Elbert Leo Maasland, Science Advisor.

(A curriculum vitae of each witness follows these Minutes.)
At 10.00 p.m. the Committee adjourned until 10.00 a.m., Thursday, Novem

ber 7th, 1968.
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MORNING SITTING 
(Third and final session)

Thursday, November 7, 1968.
Pursuant to adjournment and notice the Special Committee on Science 

Policy met this day at 10.00 a.m.
Present: The Honourable Senators Lamontagne (Chairman), Bourget, 

Cameron, Desruisseaux, Grosart, Hays, Kinnear and Yuzyk—8.
Dr. Omond M. Solandt, heard at the morning and evening sittings on 

Wednesday, November 6th, 1968, was further questioned.
The following is printed as an Appendix:
8.—Brief submitted by Science Council of Canada.
At 12.30 p.m. the Committee adjourned to the call of the Chairman. 
ATTEST:

Patrick J. Savoie,
Clerk of the Committee.
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CURRICULUM VITAE

Solandt. Omond M„ (O.B.E., M.A., M.D., D.Sc., LL.D., F.R.C.P., F.R.S.C.). Born 
in Winnipeg, Manitoba. He obtained a B.A. in Biological and Medical Sciences 
at the University of Toronto in 1931. He spent the next two years in post
graduate research under Dr. C. H. Best in the Department of Physiology, 
Faculty of Medicine, University of Toronto, and obtained an M.A. He took 
his Doctorate from the Faculty of Medicine in 1936 and was awarded the 
Gold Medal. He also played on the senior intercollegiate football team. Fol
lowing graduation from the Faculty of Medicine, he spent a year in research 
at Cambridge and a year as an intern at the Toronto General Hospital. In 
1939, after post-graduate work at the London Hospital, he received the 
M.R.C.P. (London) and then returned to Cambridge as a lecturer in Physiology 
and a member of the teaching staff at Trinity Hall. Shortly after the outbreak 
of war, he was appointed Director of the Southwest London Blood Supply 
Depot and continued in that capacity until January 1941. He founded the 
Medical Research Council’s Physiological Laboratory at the Armoured Fight
ing Vehicle School at Lulworth, and became actively engaged in research 
concerned with tank design and the physiological problems peculiar to tank 
personnel. In 1942, he turned from medical research to the then new field of 
operational research and formed the Armoured Fighting Vehicle Section of 
the Army Operational Research Group. The following year, he was appointed 
Deputy Superintendent, Army Operational Research Group and in May 1944, 
Superintendent. He joined the Canadian Army in February 1944 and left the 
Army in 1946 as a Colonel. In September 1945 he was sent to Japan by the 
War Office as a member of a mission to evaluate the effects of the atomic 
bomb. Dr. Solandt returned to the Department of National Defence in Ottawa 
in 1946 to begin planning for a permanent defence research organization in 
Canada. This work resulted in the formation of the Defence Research Board 
in 1947. Dr. Solandt became the first Chairman of the Board and the scientific 
member of the Chiefs of Staff Committee and Defence Council. In 1956, he left 
the Defence Research Board to become Vice-President, Research and Develop
ment, of the Canadian National Railways. In 1963, he left the CN to become 
Vice-President, Research and Development, and a Director of The de Havilland 
Aircraft of Canada, Limited, and Hawker Siddeley Canada Ltd., and Chairman 
of the Board of DCF Systems Limited. In 1966, he left these positions to become 
Chairman of the Science Council of Canada and Vice Chairman of the Board 
of The Electric Reduction Co. He was also a Director of the Huyck Corporation 
and of EXPO 67. Dr. Solandt was awarded the O.B.E. in 1946, and the U.S. 
Medal of Freedom with Bronze Palm in 1947. He received the honorary degree 
of D.Sc. from the University of British Columbia in 1947, from Laval Uni
versity in 1948, from the University of Manitoba in 1950, from McGill Uni
versity in 1951, from St. Francis Xavier University in 1956, from Royal 
Military College in 1966, and from the University of Montreal in 1967; and, 
an LL.D. from Dalhousie University in 1952, and from the University of 
Toronto in 1954. He was elected a Fellow of the Royal Society of Canada 
(Section III) in 1948, and an Honorary Member of the Engineering Institute 
of Canada. In 1956 he was awarded the Gold Medal of the Professional Institute
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of Canada and in 1961 he received the Civic Award of Merit from the City of 
Toronto. He was President of the Canadian Operational Research Society from 
1958-60 and a Governor of Sir George Williams University, Montreal, from 
1957-63. He was formerly a Governor of The University of Toronto and of 
the Arctic Institute of North America, and President of the Royal Canadian 
Geographical Society. He is at present a Trustee of the Mitre Corporation, 
Boston, a Director of the Canadian Corporation for the 1967 World Exhibition; 
a Fellow of the Royal College of Physicians in London, and was elected Chan
cellor of the University of Toronto in 1965. Dr. Solandt was a member of the 
Western Team at the Conference of Experts to Study the Methods of Detecting 
Violations of a Possible Agreement on the Suspension of Nuclear Tests, held 
in Geneva in 1958. Dr. Solandt has a wide variety of interests, including flying 
and radio. He secured a commercial radio operator’s license before entering 
university and worked as an observer with the Ontario Provincial Air Service. 
He is married to the former Elizabeth McPhedran of Toronto and has three 
children : Sigrid, Andrew and Katherine. He is a member of the St. James’s 
Club, Montreal, the University Club, Montreal, the Rideau Club, Ottawa, the 
Athenaeum Club, London, England, the York Club, Toronto, and of Bloor 
Street United Church in Toronto.

Gaudry, Roger, D.Sc., F.R.S.C. First lay rector of the University of Montreal, 
Dr. Gaudry was born in Quebec in 1913 and educated at the Pensionnat 
St-Louis de Gonzague and the Petit Séminaire de Québec where he obtained 
the Bachelor of Arts degree of Laval University in 1933 and the Governor- 
General’s Medal. In 1937 he received the degree of Bachelor of Applied 
Sciences from Laval University. For three consecutive years he was awarded 
the Price bursary for being first in class. Appointed Rhodes scholar in 1937, 
he spent two years in research at Oxford University. He received the Doctor 
of Science degree from Laval in 1940, became Associate Professor of Chemistry 
in 1945 and, in 1950, a full Professor in the Faculty of Medicine. In 1954 he 
was named deputy director of research laboratories of Ayerst, McKenna and 
Harrison, drug manufacturers, in Montreal which were to become one of the 
most important industrial research centres in Canada. He became director of 
the laboratories in 1957 and vice-president in 1963, continuing to direct research 
until his nomination as Rector of the University of Montreal in June 1965. 
During his scientific and professional career Dr. Gaudry received numerous 
distinctions. He was three times named as laureate of the scientific Prize of 
the Province of Quebec. In 1958 he was awarded the Léo Pariseau Medal of 
the French Canadian Association for the Advancement of Science. In 1954 
he became a Fellow of the Royal Society of Canada, and a lecturer at the 
Institut scientifique franco-canadien at the University of Paris. He was President 
of the Canadian Institute of Chemistry in 1955-56 and of the Canadian Associa
tion of Rhodes Scholars in 1960-61. He became a member of the Council of 
the Society of Industrial Chemistry of France in 1960. In 1962 he became a 
member of the Defence Research Board and of the Governing Board of the 
National Cancer Institute. In 1963 he was named member of the National 
Research Council. The Corporation of Professional Chemists of Quebec named 
his honorary life member in 1964 and he became an honorary member of the 
Society of Industrial Chemistry of France in April 1965. In October 1965 he
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received the medal of the “Anciens de l’Université Laval”. Dr. Gaudry is the 
author or co-author of about 90 scientific papers dealing mainly with organic 
and biological chemistry.

Mullin, James. Born Maybole, Ayrshire, Scotland, November 4th 1939, 
Education: Primary and Secondary Schooling in Maybole (1944-58) University 
of Glasgow, Glasgow, Scotland (1958-62). Degree: Honours B.Sc., in Mathe
matics and Natural Philosophy. Conferred July 1962. Experience: 1962-67— 
Atomic Energy of Canada Limited Chalk River Laboratories, Chalk River, Ont. 
—Reactor Physicist (1962-1964)—Scientific Administrative Officer, Physics 
Division (1964-1967)—Administrative Assistant to Director, CRNL Research 
(1967) 1967-present, Secretary, Science Council of Canada. Publications : 
AECL Reports and Translations, and contributions to AECL’s ING Proposal 
only.

Maasland, Dirk Elbert Leo. Born 24 September 1934. Gorinchem, the Nether
lands. Primary and Secondary education in Den Helder, the Netherlands. 
Undergraduate education (Candidaat) at Wageningen Agricultural University, 
the Netherlands (Drainage and Irrigation). M.Sc., Colorado State University 
(Soil Physics), 1961. Ph.D., Colorado State University (Civil Engineering, 
Hydrology), 1964. Employment : Appointed Science Advisor, Science Council, 
July, 1968. Project Officer, Water Resources Study, Science Secretariat, Privy 
Council Office, June 1967—July 1968. Assistant Professor of Civil Engineering, 
University of Windsor, Windsor, Ontario, 1964-1967. Junior Research Engineer, 
Dept, of Civil Engineering, Colorado State University, 1963-1964. Registered 
Professional Engineer in the Province of Ontario. Member of the International 
Association of Scientific Hydrology, Member of the International Association 
of Hydraulic Research, Associate Member American Society of Civil Engineers. 
Co-Author Science Secretariat Special Study No. 5, Water Resources Research 
in Canada and author of several publications in the field of hydrology.
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THE SENATE

SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE

MORNING SITTING
(First session)

Ottawa, Wednesday, November 6, 1968.

The Special Committee on Science Policy 
met this day at 10 a.m.

Senator Maurice Lamontagne (Chairman) 
in the Chair.

The Chairman: Honourable senators, I will 
not spend too much time introducing our 
guests today, Dr. Solandt and Dr. Gaudry, and 
their colleagues from the Science Council, 
because this is the third time they have 
appeared before the committee. I remember 
that the Science Council appeared for the first 
time back in March to give us their general 
views about science policy; then at a later 
date they again appeared before us to discuss 
satellite communications. Today they come 
before us to discuss their internal operation, 
of course, but mainly to discuss the report 
they prepared in the course of this year and 
published last week, entitled Towards a 
National Science Policy for Canada.

This report deals specifically, and perhaps 
more directly than other presentations we 
have received, with our terms of reference. 
We are pleased indeed to have the benefit of 
the advice of the Science Council. We under
stand, of course, that their main purpose in 
producing this report was to advise the Gov
ernment, but as a by-product they are also 
advising part of Parliament, namely the 
Senate. We are grateful indeed that Dr. 
Solandt and Dr. Gaudry have accepted the 
invitation to be with us today. I understand 
that Dr. Solandt will make a statement to 
initiate our discussion, and then we will pro
ceed with the usual question period.

Dr. Omond Solandt (Chairman, Science 
Council of Canada): Thank you very much, 
Senator Lamontagne, Might I say how 
pleased we were to be invited to return 
to the Senate committee. I feel that this is a

very important forum for discussion and that 
it is of the greatest importance that we should 
try to convey to you our ideas so that you 
will have them together with the ideas you 
get from other sources in making your final 
report. If I may repeat what I said before, I 
keep hoping that you will never make a final 
report, and that you will become a continuing 
committee, because I think the problems we 
are dealing with are not the kinds of prob
lems that can be solved once and for all; they 
are problems that we live with, and because 
it is such a rapidly changing world no 
solution will be the best solution for very 
long.

We have for discussion today both the 
report on national science policy and a brief 
that was prepared especially for this commit
tee and presented to you, which follows the 
pattern of briefs you have invited from other 
groups. Senator Lamontagne has suggested 
that we might deal with the brief first.

I do not intend to make any long presenta
tion of the brief because it is really self- 
explanatory, and I hope that you have had 
time to read it. It is quite short. Before invit
ing questions on the brief I would like to tell 
you that last Friday the Prime Minister 
announced the formal separation of the 
Science Council staff from the Science 
Secretariat. The two had been operating more 
and more as separate entities for the past 
many months, and in mid-September Dr. 
McTaggart-Cowan joined the Secretariat as 
Chief of Studies in the Secretariat, and in 
effect began to run the Science Council staff 
as a separate entity. Effective with the sepa
ration which took place on Friday, Dr. McTag
gart-Cowan has become the Executive Director 
of the Science Council and will be directly 
responsible for running the Science Council 
staff, which is now quite separate from the 
Science Secretariat.

In order to avoid the necessity of changing 
the Act immediately—and there is no great
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need to—the Science Council staff will contin
ue to be supported financially by the Privy 
Council office. I was going to say administra
tively, but it would not be effectively 
administered by the Privy Council office; our 
act provides that any department of govern
ment can, when authorized by the Governor 
in Council, supply staff for the Science Coun
cil, so all this means is that the Privy Council 
office will be supplying the administrative 
existence for our establishment, but we will 
be operating quite separately.

Perhaps I might ask Dr. McTaggart-Cowan 
to stand so that you will all recognize him. I 
am sure you will see more of him as the head 
of our staff. He will be directing the main 
work that is done for the Science Council.

The brief that was prepared for you will 
require some amendment to account for this 
change in organization, but I think you can 
see that the amendments will be very simple; 
some of our operating procedures will be sim
plified, that is all. It will not make a great 
deal of difference in the way we have operat
ed; the people we have doing the work are 
still the same people; the method of operation 
will be very similar. We hope to and expect 
that we will maintain very close liaison with 
the Science Secretariat, which remains in the 
Privy Council office. We are looking forward 
to moving all our own staff into one place. At 
the present time we are widely scattered. We 
hope to move sometime in December and that 
many of the Science Secretariat staff will be 
co-located with us, which will greatly facili
tate this continuing co-operation. I think that 
is all I need say on the brief.

I might perhaps go into Report No. 4, To
wards a National Science Policy for Canada, 
in a little more detail, partly on the assump
tion that you may not all have had time to 
read it, and partly to make sure that in the 
ensuing discussion we are all starting from 
the same base.

As you probably know, apart from our two 
annual reports, which did contain some specific 
recommendations on general science policy, 
the previous reports of the Science Council 
and Science Secretariat have been limited to 
fairly narrow fields—physics, space, psy
chology and so on. These earlier reports con
sisted primarily of inventories of what was 
going on in Canada, and then went on to 
describe in a little more detail recommenda
tions for policy, or at least some of the reports

did in these rather narrow fields. But this 
report that we are now considering has a 
much broader scope. It is, of course, based on 
the knowledge that we accumulated in the 
preparation of the other reports and on a 
good deal of knowledge of what goes on in 
Canada that has been accumulated for reports 
that have not yet been published, because we 
still have quite a few studies in progress and 
several reports nearing completion. However, 
we felt it would not be wise to continue 
delaying the publication of the basis for a 
general policy until we were sure we knew 
every detail about what was going on in 
science in Canada today, so this is our first 
effort at outlining the basis for a general 
science policy.

Really, the basic message of this report is 
one that I am sure is familiar to many of you 
already, and it is the basis for most discus
sion about science policy in the scientific com
munity now. It is fundamentally the idea we 
are now in a period of transition from what 
might have been called, to oversimplify it, 
the period in which we thought of science 
primarily for science. That is, scientists were 
working primarily to enlarge man’s knowl
edge about his world and his environment 
and the effects of this scientific knowledge in 
the economy and society were important but 
were not a primary concern, certainly, of 
scientists.

It seems to us in the Science Council—and, 
I think, to most people—that we are now 
entering a new phase in which, as expendi
tures for science increase and also as the pos
sibilities for using science to solve economic 
and social problems become more obvious 
and more important, science policy, at the 
national level, must be concerned far more 
with how we use science to solve social and 
economic problems, rather than with how we 
develop science.

In emphasizing this change in view one 
must, of course, always keep reiterating that 
we can only use science for social and eco
nomic problems when we have a thriving 
and competent scientific community in the 
country. The fact we are now able to talk 
about the use of science for social and eco
nomic goals is a tribute to the science policy 
we have pursued in the past, because Canada 
has, particularly with the leadership of the 
N.R.C. and the universities, built up a very 
firm base for its scientific community, and in 
changing the emphasis we must be very sure
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we do not weaken that base. The base must 
continue to expand and to grow.

So, although this report emphasizes the 
applications of science, in the report we 
repeatedly put in the reminder that because 
we are talking mainly about social and eco
nomic applications of science, this does not 
mean that we should forget the need for the 
support of basic research—of what we have 
called here “Little Science”, curiosity-directed 
research. Most of this will be in universities, 
but we do not visualize it, by any means, all 
taking place in universities. I want to 
emphasize that point.

At this stage it might also be worth 
emphasizing another point made several times 
throughout the report, although very briefly. 
It is a curious thing that when I read a report 
like this I always find that I tend to remem
ber things said at the greatest length, whereas 
some of the most important things are said in 
one sentence. This is why I want to empha
size this point, and maybe the easiest way is 
to read one sentence from the first paragraph 
of the summary, where it says:

It should also be noted that the action 
proposed has far-reaching implications 
for the development of the social sciences 
and the Council would support all efforts 
to promote expansion of the nation’s 
activities in these sciences.

I want to emphasize and underline that 
statement, because this report deals primarily 
with the use of the natural sciences and engi
neering, though it repeatedly mentions the 
social sciences; but in many of the areas 
where we have proposed action, it would be 
most unwise to have action by the natural 
sciences and engineering without parallel and 
closely co-ordinated action in the social 
sciences. This may well be a subject the com
mittee would want to discuss further.

At this point I should say that many of the 
authors of the report are here today. There 
are so many I think it would be unfair to 
identify any one, and it would take too long 
to identify them all. This report has gone 
through many drafts, and there have even 
been several reports that have come as sort of 
offshoots of this that will be published sepa
rately later, some of which I will mention. In 
looking at the problems of writing a report of 
this kind, we were immediately struck by the 
fact that if you are going to advocate the use 
of science in achieving national social and

economic goals, you have to define your 
national goals. We could not find any defini
tion of “national goals,” other than the defini
tions of economic goals which were made by 
the Economic Council in one of their early 
reviews, and which they have up-dated and 
commented upon in subsequent reviews. 
These economic goals, I think, have been 
very widely accepted.

I have been very interested on two or three 
occasions, when speaking to small groups 
about national goals, to note that many peo
ple said they had never thought before a 
nation had any goals other than economic 
ones, and that they had thought the state
ment by the Economic Council really covered 
national goals. I am sure no one here would 
feel that way.

I think that we may be criticized—I am 
surprised we have not been yet—for stating 
national goals, because many people say that 
scientists are not the best qualified people to 
state national goals, and I would completely 
agree with that, but somebody has to start, 
and I would hope that this statement on 
national goals might provoke some discussion 
and some refinement and improvement in the 
idea of having extensively defined national 
goals, because I think they are fundamental 
to developing national policy in almost any 
field.

Another thing that is well worth pointing 
out in the field of national goals is that as we 
have stated the goals here, many of them are 
at least mutually conflicting, if not actually 
mutually exclusive. This is true even of rela
tively simple and widely accepted economic 
goals, because you have only to look at the 
problems of a high rate of economic growth 
and reasonable price stability versus full 
employment. You cannot have all or both of 
them, so what you have to do is try to have 
the best mix.

This is true of many of our stated national 
goals. You cannot have them all at once. You 
have to decide to which you are going to give 
the greatest importance and priority. This is 
why I think it is necessary that we start 
stating them and talking about them, and 
deciding wha kind of a mix we want to have.

I would also say—this is not expressed 
here—that I have a very strong view with 
respect to a definition of national goals. This 
attempt to define the kind of country that 
Canadians want to live in is probably one of
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our most important national problems, 
because, as I see it, if we are to remain an 
economically viable and reasonably pros
perous, happy, and successful country we 
have to have in Canada a way of life which is 
on balance more attractive to our young peo
ple than the way of life in the United States. 
In saying that I want to emphasize that I do 
not for a moment suggest that we want to 
have in Canada a way of life in which we 
just say we will do exactly the same as the 
Americans, but we will do it better. I am 
convinced that we can have a way of life 
which is quite different from theirs, which 
has quite different emphases, but which is 
more attractive to us than theirs. We do not 
want to meet them head on in competition. 
We want to “do our own thing,” to use mod
ern slang, and to do it well and in the way 
we like to do it.

In this context I feel that this is an area in 
which we can most effectively use our bicul- 
tural background. Instead of looking upon our 
bicultural background as a handicap I think 
we should look at it as a potential asset. If we 
can mold our biculturalism into the mix of 
life, or that which makes up the mix of life in 
Canada, it will be an asset, and will give us a 
distinctive way of life and culture in Canada 
which will not only retain our good people 
but attract bright people from other 
countries.

I do not think I will go into more detail on 
national goals. As you can see, we have clas
sified the mix of national goals into six 
groups, which are:

National Prosperity;
Physical and Mental Health and High 

Life Expectancy;
A high and rising standard of education, 

readily available to all;
Personal freedom, justice and security 

for all in a united Canada;
Increasing availability of leisure and 

enhancement of the opportunities for 
personal development; and

World Peace, based on a fair distribution 
of the world’s existing and potential 
wealth.

So much for national goals. Although they 
are in a way incidental to our policy report, 
they are really the basis upon which the poli
cy report is founded, so I hope you will con
sider them carefully.

We have given a very brief outline of past 
trends in funding research and development 
in Canada. In this you will see particularly 
the very slow growth of Gross Expenditure 
on Research and Development. I am not sure 
whether it is safe to use the abbreviation 
because it reminds people of other things, but 
that expenditure as a percentage of gross 
national product has changed—and this is at 
page 21 of the report—from 0.95 per cent of 
G.N.P. in 1957-58 to 1.31 per cent in 1966-67. 
In between it has had its ups and downs. This 
table shows in a general way, that although 
our expenditure on research and development 
has been increasing, it has not been increas
ing very rapidly.

One of the other important lessons in this 
section is contained in Table 2 at the bottom 
of page 21, which shows that Canada has 
been putting about 22 per cent of research 
expenditure into basic research, 41 per cent 
into applied research, and 37 per cent into 
development. The comparable figures in the 
United States, which are given on the next 
page, show that they put 12 per cent into 
basic research, as opposed to our 22 per cent; 
22 per cent into applied research, as opposed 
to our 41 per cent; but 66 per cent into devel
opment, as opposed to our 37 per cent. This 
indicates that the United States has, as I 
think everyone who has studied the matter 
will agree, a better balanced mix, because 
basic research is relatively cheap, applied 
research is more expensive, and development 
is the most expensive of all. So, if you are 
carrying on from research and development 
to effective use then your expenditures ought 
to increase steadily as you go up the scale, 
and our expenditures on development have 
dropped very sharply, and it is apparent that 
our very high expenditure on research is not 
a real one; it is high just as a percentage of 
the total, because our expenditure on devel
opment is low.

In Section 5 on page 23 we deal with a 
general consideration of the organization of 
science and federal support programs. There 
are one or two recommendations that are 
quite concise, that I think are worth reading. 
First, on page 23:

It is recommended that in future every 
new research or development activity be 
critically examined at its outset to identi
fy the appropriate organization to carry 
through the project to its final conclusion. 
For extensive programs that encompass
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many individual projects, the distribution 
of these projects among the sectors of the 
economy must be carefully considered. 
Such a procedure may well lead to the 
universities and industry performing a 
larger share of the research and develop
ment in Canada than has occurred in the 
past.

This is an idea that we have put in previ
ous reports, when there has been in the past 
a tendency for whatever agency could most 
readily get the money to undertake the 
research without any careful thought being 
given as to where it could be most effectively 
done.

The recommendations on page 24 are also 
important. They have to do primarily with 
the support of industrial research. We say:

It is recommended that the Federal 
Government

(a) support Canadian industrial enter
prise by improvement and expansion of 
existing R&D incentive programs, by 
simplifying where possible the adminis
tration of the programs, and by deliber
ately increasing the share of management 
responsibility placed on the companies 
involved;

Basically, on looking at the incentives it 
seems that they are doing a good job, but this 
is a very complex field. We had a most 
interesting discussion of it with Dr. Horning, 
the President’s Science Adviser in the United 
States, last week. They were particularly 
interested in our incentives, and our successes 
with them.

The next recommendation is that the feder
al Government:

(b) further encourage industrial 
involvement by contracting out Federal 
programs where participation is likely to 
increase the technological or innovative 
capacities of the companies concerned. 
The underlying objectives should be to 
upgrade the overall capabilities of those 
involved, and ultimately to develop self- 
supporting research organizations in 
Canadian industry;

(c) through its mission-oriented depart
ments actively seek to promote industri
al and university work in support of each 
mission as well as responding to initia
tives from the private sector;

and then, finally, we recommend that the 
Government should use its procurement con
tracts to upgrade the competence of 
industries.

These are all things which are now done to 
some extent, but in respect of which we are 
recommending that more should be done.

We have put in one caution further down, 
that I know will bring joy to the heart of at 
least the President of the Treasury Board. It 
is that:

Firstly, the federal Government cannot 
be expected to be the sole source of fund
ing of all research and development; if 
industry is to profit from this scientific 
activity, then there is an obligation on 
industry to make substantial investments 
of its own funds in research development 
and innovation.

Another recommendation here—it may not 
look important, but many of us feel it is quite 
important—is that scientific and contract pro
grams proposed be intended as “spurs to the 
successful, not as crutches to the failing.” 
There has been, in the past an unfortunate 
tendency to feel, on the part of some Govern
ment officials, that they should use the money 
available to them to support struggling indus
tries rather than to further support successful 
industries, and while this is a natural atti
tude, it certainly is not always the best way 
of spending the money. We should in many 
cases have the courage to reinforce success, 
so that some companies in Canada can 
become outrageously successful and profitable.

On page 26 there are a series of recommen
dations about the status of research and de
velopment within government. These are faily 
lengthy so I will not take the time to read 
them, but I would like to point out the 
important thing behind these is the idea that 
all federal Government scientific organiza
tions should be mission-oriented and should 
be engaged principally in applied research 
and development. This means that Govern
ment agencies that are mission-oriented will 
inevitably have to be quite flexible in organi
zation and funding, because we are beginning 
to see in Canada something that besets other 
nations, particularly Britain at the moment, 
and that is the fact that a good mission-ori
ented organization will get first-class results 
for a good many years. But when the organi
zation is successful in accomplishing its mis
sion, the importance or priority of its mission
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becomes less, you find the organization 
gradually becoming a more fundamentally 
oriented research organization with no real 
sense of mission and no vital role in national 
affairs. We have to find ways of continually 
checking, as we said previously, and have 
suggested the idea of a technical audit to look 
over Government programs to make sure that 
they are still relevant, important and rank 
high enough on the priority list of national 
needs. I think this is particularly important at 
the present time, when the federal Govern
ment finds itself short of money that can be 
allocated to new projects. We must not get 
into the trap of continuing everything we are 
doing just because we are doing it and refus
ing to start new projects because we are short 
of money.

Even if we have no more money in a given 
year it is almost certain that some old projects 
should be stopped and replaced by some 
new projects that show greater promise. This 
is a real problem in managing science any
where, but it is a particular problem in the 
Government.

I think I will skip over the rest of that 
section and go to Section 6, “The Concept of 
Major Programs” which is really the heart of 
our report. We have, as the result of discus
sions that have now lasted nearly 18 months, 
come quite firmly to the conclusion that the 
best way of ensuring healthy growth of 
science in Canada and particularly as the 
total scientific expenditure grows, is to make 
sure that more of it is devoted to projects of 
national economic and social importance. The 
best way of achieving this is by planning a 
series of major programs which are designed 
to achieve specific and defined national goals 
and then carrying these programs right 
through to completion. As outlined here, our 
concept of a major program is that it includes 
every element in the whole process of innova
tion right from fundamental research through 
applied research development to production 
and use of its hardware or to testing and 
adoption if it is a new service. Such a pro
gram will obviously be multi-disciplinary in 
the sense it will involve many scientific disci
plines including, in nearly every case, social 
sciences. It will involve every segment of the 
scientific community. Some parts will be done 
in Government, some in universities and 
some in industry. The emphasis must always 
be on trying to involve as wide a group of the

scientific community as possible and on push
ing through to a successful conclusion and 
recognizing that particularly in the mission 
oriented projects, the pay-off comes from the 
application of the new knowledge in effective 
use and that it is really a waste of time doing 
the work unless you push it through to 
completion.

On page 31 there are listed criteria for 
selecting major projects. I will not go through 
those in detail. Most of them are quite famil
iar to you. The important problem in connec
tion with major programs is to decide how 
best to organize them and on looking at the 
problem carefully we have decided that if 
there is to be an effective major program 
there must be some central initiating and co
ordinating organization. In most cases we see 
these organizations operating within the fed
eral Government, although there will be cases 
where this will not be the best way of dealing 
with it and we should be quite flexible in our 
approach to it. Where the responsibility lies 
with a single Government department, the 
problem is quite easy and in the case of our 
water resources research report, which I was 
going to refer to later, we have for instance 
recommended the control or guidance of a 
major program in water resources by a com
mittee, an advisory committee within the 
Department of Energy, Mines and Resources 
which has the primary responsibility in the 
federal Government. In many other cases I 
think it will be necessary to establish a sepa
rate organization to head up a major pro
gram. We recommended this in the case of a 
space program and we have reviewed our 
recommendations since and see no reason to 
change it. The space problem is different than 
water, because space involves many different 
departments, each one operating a depart
mental space program, but none attempting 
to put them together into a national space 
program. Well, we come to look at specific 
applications of this idea of major programs. 
We have already recommended two major 
programs, space and water resources.

We have emphasized in this report that 
there are already in existence some activities 
that would certainly qualify as major pro
grams. Probably the most readily identifiable 
and important one is the atomic power pro
gram, which really meets virtually all our 
criteria as an important Canadian major pro
gram in science.
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On page 38 we have suggested four impor
tant fields in which we feel major important 
programs should be started very soon—trans
portation, urban development, computer 
applications, and scientific and technological 
aid to developing areas of the world. We have 
chosen these four on the balance between 
their importance to Canada, the possibility of 
doing something of real importance in these 
fields, and the interests of people in having 
something done. The plan of the Science 
Council is to start immediately. In fact we 
have started in some of these areas to define 
major programs much more precisely. The 
discussion of these four areas that we have 
put in this report is far too diffuse to enable 
anyone to hire somebody and say, “Start 
work on this program immediately.” We are 
hoping that in the next few months, certainly 
in less than a year, we will be able to make 
specific recommendations in each of these 
areas which will be sufficiently precise that 
they can be picked up and converted into 
actions.

In addition we have listed a series of other 
areas that need consideration quite quickly, 
but to which, as far as the Science Council’s 
immediate program goes, we have given 
slightly lower priority than the others, 
although, as you will see, some of them are 
just as important and just as urgent. This 
may be something on which the committee 
will have views. They are listed on page 46.

In the field of health care delivery systems, 
as I see it there is need for widespread 
application of science, particularly systems 
science, to try to see if we cannot find a 
better way of delivering health care to the 
population—health care that is of as good 
quality as we get now, and in fact hopefully 
of improved quality, but at much less cost. 
This is an area in which we have set our 
goals as perfection and have not really looked 
at productivity, and we must. The same 
applies to educational systems, although we 
have not listed them here.

Then there is the economic development of 
Canada’s north, the development of energy 
sources, integrated resource management, 
oceanography and marine and undersea tech
nology, and weather prediction, modification 
and control.

Then, of course, we have noted that many 
existing programs really qualify in different 
ways under this general heading of major 
programs and should certainly be continued.
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Finally there are two sections with which I 
will deal very briefly, but which I think may 
well lead to quite extensive discussion. One is 
that of manpower. Very briefly we have said 
it looks to us as if there will be enough 
qualified manpower to do the things we fore
cast. We do not see any major over-supply of 
manpower. This is something you might want 
to discuss.

We have looked very cautiously at what the 
expenditures might be. I may say that this 
section on expenditures has been re-written 
maybe 20 times and gets milder and less pre
cise every time, but this is something that 
you would probably like to discuss.

The Chairman: Perhaps we could see all 
the drafts!

Dr. Solandt: I am afraid you would not 
have time to read them.

I will not go into any detail here, except I 
think it fair to say that the majority of the 
Council are firmly convinced that we will be 
spending a good deal more than the present 
target of two per cent of GNP on what could 
be called research and development, certainly 
before the end of the century.

Much of this expenditure will be intimately 
wrapped up in major programs of social and 
economic importance, and will be justified 
economically and socially on the grounds of 
its value as a contribution to this area. For 
instance, there is a tremendous need for 
scientific input to regional development pro
grams. This will occupy a great many scien
tists and may be a big expenditure on science, 
but no one will think of it as a scientific 
expenditure; it will have been chosen by gov
ernments on the grounds of its needs as part 
of national policy. So much for a brief review 
of this report.

In conclusion, I would like to re-emphasize 
the principal points I made. We need to 
define our national goals. We need to plan 
programs for the use of science to help 
achieve these national goals, and we must be 
sure that we carry these programs through to 
effective completion. In doing this we must 
continue to be sure that these programs not 
only have a broad base, scientifically, but that 
they have the support of our political leader
ship. I would again emphasize that they must 
contain a very major element of social 
sciences.

I think that is all I will say by way of 
introduction.
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The Chairman: Thank you very much, Dr. 
Solandt. Dr. Gaudry, did you have anything 
to add?

Dr. Roger Gaudry (Vice-Chairman, Science 
Council of Canada): No, I think I would pre
fer to wait and answer questions which are 
asked.

The Chairman: As we go into the question 
and discussion period we will try as much as 
possible to separate the operation, role and 
compositional structure of the Council from 
the report on national science policy. As I 
said before, I would propose that we start by 
discussing the brief presented by the Council.

I understand that this committee met yes
terday in camera in my absence, when appar
ently I was designated to ask the first ques
tions. This is the first time it has happened.

Dr. Solandt, on the first part of your pres
entation I have questions which really fall 
into two different categories. I would like to 
ask you a few questions about the process of 
policy formulation and implementation, and 
the role of the Science Council in that 
process. Secondly, I would like also to put to 
you a few questions regarding the Council’s 
structure and composition.

First of all, for the benefit of the commit
tee, would you describe the present process of 
science policy formulation and implementa
tion, and indicate the exact role of the 
Science Council and of other agencies in that 
process? Would you say, for instance, that the 
Council’s role is more or less limited to advis
ing the Government on long-term goals and 
programs?

Dr. Solandt: The role of the Council cer
tainly is not limited by statute to this. In fact, 
the Council has decided itself that it can be 
most effective in dealing not so much with 
long-term as with broad strategic goals—and 
these, of course, of necessity usually are long
er term.

We have felt that if we could get a good 
general framework of policy that was widely 
agreed to and understood, then the more 
short-term tactical decisions, if you like, 
could be readily taken my many different 
agencies in light of these policies. Hopefully, 
if the broad policies are understood and wide
ly accepted, then people will try to make 
their more detailed decisions to conform with 
these broad policies.

There is nothing in the terms-of-reference 
of the Council that prohibits it from dealing 
with short-term problems. The only short
term one we have dealt with was ING, which 
we were reluctant to take on as our very first 
project because this, in effect, was asking the 
Council to reach a decision on a specific prob
lem before it has ever had a chance to discuss 
the general background. We would feel much 
more competent to deal with ING now than 
we felt 2£ years ago, because we are 
beginning to get a framework, and when we 
get one, such as is set out here, well estab
lished, we could quite easily deal with short- 
er-range problems, but I would hate to be 
asked to deal with those on a small scale. 
Some of them are so big—ING being a good 
example—that you cannot very well disas
sociate them from major policy considera
tions, because if you decide to build ING you 
tie up a significant part of your resources.

The Chairman: So that in the process of 
science policy formulation you would limit 
yourself to broad programs and deal with 
them in more or less general terms, and let 
the normal government operation decide as to 
the details and the carrying out of these 
programs?

Dr. Solandt: Yes, although as you have seen 
from the Space Report—and I did not men
tion that since we last appeared before the 
committee we have released a report on a 
major program of water resources research, 
with a large back-up study on water 
resources research in Canada by the 
Secretariat—and these do get down to a fairly 
detailed level of considering the sub-fields 
which are of peculiar importance to Canada. 
And I think that you will see that these two, 
between them, act as quite a detailed guide 
for anyone planning a research program in 
Canada. So, we have gone much further than 
just push the importance of water resources 
research to Canada. We have analyzed it in 
quite considerable detail, and have shown 
areas within the field which are more impor
tant to Canada than other areas.

The Chairman: To come back to my gener
al question, you have nothing to do with the 
implementation of policy?

Dr. Solandt: No.

The Chairman: Then, in the field of policy 
formulation, do you consider that at present 
you are the sole or the main body, or one of 
the agencies advising the Government?
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Dr. Solandi: Yes. I would think that in the 
field of science policy we are the major agen
cy advising the Government. Policy is, of 
course, a fiele in which everybody is free to 
express opinions, and Government is always 
influenced, more or less, by opinions that it 
hears; but I do not think that there is any 
body that is systematically dealing with 
science policy in competition with us. Other 
agencies—such as NEC, Atomic Energy, and 
Defence Research Board—are dealing with 
the science policy in their areas, some of 
which are quite large. However, it is pretty 
well co-ordinated, because the heads of all 
these agencies are on the Science Council, 
and they all a great deal to say about the 
ideas that went into this report.

The Chairman: Would you say that the 
Science Secretariat, even under the new 
arrangement, might be tempted to conduct 
some kind of similar or parallel operation, so 
that we will have really two agencies—the 
Science Council and what will be left of the 
Science Secretariat in the Privy Council 
Office—both advising the Government at the 
same time on the same matters, more or less?

Dr. Solandl: This is a real danger. I think 
when I was last before the committee I 
expressed my misgivings about a separation.

This will not be a problem if we are able— 
as I am confident we will be—to maintain 
close co-operation and intercommunication 
between the two bodies, because as Dr. 
MacKenzie saw it, when he recommended 
setting up the two—and as I think our 
experience has shown too—there is a real 
need for a body within Government to inter
pret broad policy—well, to advise Treasury 
Board and departments on whether proposals 
they have for new programs or actions fit in 
with the broad policy or not. That is really to 
interpret, in detail, broad policies.

If the Secretariat confines itself to this sort 
of work, which I think is its intention—and 
you will be hearing from the Secretariat, I 
think, in a week or so—then the two bodies 
will be complementary, as was envisaged, and 
they should make an effective team.

The Chairman: Is there not a danger that we 
could run into a kind of vicious circle, unless 
there is a series of consultations? Proposals 
come from the research agencies; they go to 
Treasury Board eventually, and I am told 
that Treasury Board at present, at least, is 
not very well equipped to appraise these pro- 
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grams and projects. Therefore, they go back 
to the Science Secretariat, which does not 
have enough staff to appraise these things; so 
then they go back to the original agency for 
advice, and we have completed the circle.

Dr. Solandt: Yes, there is this danger, but I 
think that at this level of detail we must 
depend more on the competence of the people 
who are making proposals for research, and 
that the Treasury Board should limit itself 
rather more to deciding on the basis of broad 
national policy considerations how the money 
should be apportioned between different areas 
of expenditure, but when you come down to 
deciding, say, within Fisheries or Forestry 
which particular projects the money should be 
spent on then surely the people within Fish
eries or Forestry should be the ones best able 
to make those detailed decisions. I think 
where they are not able to make them is in 
the field of deciding what proportion of the 
total should go to these different fields.

The Chairman: So, you would see the 
Science Secretariat, as newly organized, as a 
kind of advising agency more or less on con
crete and day-to-day operations, supplement
ing the kind of wisdom, if any, that Treasury 
Board has been able to accumulate?

Dr. Solandt: Yes, but I share your appre
hension that there is a possibility of actual 
conflict. I do not mean physical conflict, but—

The Chairman: I hope not.

Dr. Solandl: —there will be rivalry. I am 
pretty sure that if the two agencies are physi
cally together so that consultation is easy and 
frequent, they will be complementary rather 
than competitive, and this is our objective.

The Chairman: Now, once the Council 
makes a recommendation, which I understand 
is always public—you do not make any pri
vate recommendations?

Dr. Solandt: Not necessarily. We have given 
no undertaking to make them always public, 
but this is a point that I have discussed at 
great length with Dr. Hornig who has had 
five years, experience in advising the Presi
dent of the United States. The practice in the 
United States has been often to give non-pub
lic advice to the President or to other presi
dential advisers. I think the Science Council 
has to reserve the right to give confidential 
advice. We have not done that so far, but we 
can foresee cases where this might be very 
useful.
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The Chairman: But once a recommendation 
has been made by the Council—let us say, a 
public recommendation—does the Council 
attempt in any way to follow it through? Do 
you make, for instance, on the basis of these 
recommendations, further representations to 
the Prime Minister, or the President of the 
Treasury Board, or a cabinet committee, or is 
the carrying through of your recommendation 
left to the Privy Council office or the officials 
of the Treasury Board?

Dr. Solandt: So far any follow-through has 
been done by either Dr. Gaudry or myself, or 
occasionally by other members of the Council, 
because the Secretariat, being within the 
Privy Council office, finds itself in a difficult 
position in going to talk to other Government 
departments, or going outside the Govern
ment.

We have already started campaigns, for 
instance, to follow up this water resources 
program in order to try to make sure that the 
recommendations are fully understood by the 
people whom we think should implement 
them, and to encourage them to get on with 
the job, and to see whether they have any 
real difficulties or arguments against it. So, I 
think with the separation of our staff from the 
Privy Council Secretariat we will do more of 
this follow-up, but we—

The Chairman: Do you mean follow-up 
with the Government, or with the scientific 
community?

Dr. Solandt: Both.

The Chairman: In the sense that with this 
division you will have more easy access to 
government?

Dr. Solandt: I think we will, yes.

The Chairman: My next question is: Is the 
Council involved at any stage in the short 
term formulation and implementation of 
science policy? You have already answered 
this question to some degree, but more 
specifically are you expected to review, or 
have you already reviewed, the five-year esti
mate forecast which the research agencies 
have to submit to the Treasury Board?

Dr. Solandt: We have not reviewed that, 
and there is no question but that one of the 
areas in which we have been very slow in 
getting started is in this specific examination 
of objectives. Our idea here is not that we 
want to . . .

The Chairman: This is covered by your
terms of reference?

Dr. Solandt: Yes, we can do it, and, in fact, 
we have already discussed the mechanism for 
starting to do it and doing it, but I have in 
mind here—and I think this can be one of our 
most important continuing functions—is not 
looking at specific projects within areas of 
expenditure, but looking at broad areas of 
expenditure in order to see that the trends of 
expenditure are in the right direction and 
whether the money seems to be reasonably 
divided between the different segments of the 
scientific community, and suggesting altera
tions in emphasis that are needed to meet 
changing conditions. Until we get to doing 
this on a regular basis we will not really have 
completed the cycle of policy advice.

Dr. Gaudry: But here, Mr. Chairman, one 
problem has been that the statistics as to 
expenditures on R&D have been too old to 
permit us to make rather rapid and precise 
recommendations as to needed changes or 
trends.

The Chairman: I am not sure that it is 
really a question of statistics. This is a ques
tion of figures which have to be prepared by 
each agency giving a forecast of what they 
expect to spend during the next five years.

Dr. Gaudry: You are talking about expendi
tures by the Government, and we are talking 
about R&D in the whole country. You have to 
know what is going on this year in industry— 
whether it is more than last year, and if so 
by how much, and so on, and what are the 
forecasts for next year.

The Chairman: I see. But, you have access 
to these forecasts as they are made by the 
research agencies?

Dr. Solandt: Yes. We have not yet studied 
them, but there is no difficulty about our 
access to them.

The Chairman: When you want to deal with 
Cabinet to whom do you go at present—the 
Cabinet committee, the President of the Privy 
Council, or the Prime Minister? I know that 
officially and formally you report to the 
Prime Minister, but do you discuss the prob
lems of science policy with the Prime Minis
ter or with the President of the Privy Council?

Dr. Solandt: In the recent past we have 
discussed them with both the Prime Minister 
and, strangely enough, the President of the 
Treasury Board . . .



Science Policy 953

The Chairman: I am sorry; I meant the 
President of the Treasury Board.

Dr. Solandt: .. . because he is the member 
of the Cabinet committee responsible for 
scientific and industrial research, and as such 
is really the principal adviser to the Cabinet 
on scientific research. Of course, as you 
know, Mr. Drury, having come from the 
Department of Industry, has been closely 
involved.

The Chairman: Your channel is through the 
President of the Treasury Board at the 
moment?

Dr. Solandt: Yes, what really has happened 
on major discussions in the recent past is that 
the Prime Minister has had a number of dis
cussions and has said: “Now, these are 
unresolved problems. Discuss them with Mr. 
Drury, and then we will have another ses
sion.” This is the way it has been working.

The Chairman: A kind of supreme court 
arrangement. Now, I would like to deal also 
with the Council structure and composition. 
Regarding my first question in this category, 
do you think there would be more continuity 
and efficiency in the work of the Council if 
the Chairman and Vice-Chairman were full
time members, as they are in the Economic 
Council of Canada? This is no reflection on 
the way you are performing your duties, gen
tlemen, but in the light of the experience that 
you have gained over the past two years...

Dr. Solandt: That is like asking “have you 
stopped beating your wife?” because no mat
ter how one answers it is bound to cause a 
little embarrassment. Dr. Gaudry and I, as 
well as many others, have discussed this very 
frankly and freely because neither Dr. Gaud
ry nor I are expected to live forever or to 
stay in this job forever, so we do not have 
any real vested interest in it. The dilemma 
seems to be very straightforward. I do not 
think there is any doubt whatever that the 
work of the Council would operate better 
with a full-time Chairman and probably with 
a full-time Vice-Chairman. On the other 
hand, we are horrified by the thought of a 
permanent Chairman or Vice-Chairman as 
this, to my mind is very much a job where 
you want people to guide the policy forma
tion, as opposed to just a working staff.

The Chairman: You can have full-time 
members, of course.

Dr. Solandt: This is the difficulty in the 
Canadian scene, that we have not yet built up 
the tradition that the Americans have of hav
ing top-flight people from universities or 
industry move into government for quite long 
periods. A full-time person who is only in for 
a year would not be any better than a part- 
time, and in fact would not be as good. He 
has got to come in, I would say, for a mini
mum of three years and in the formative 
period, such as we have discussed. Even three 
years is not long enough. Five or six years is 
better, but he must be prepared to leave at 
the end of that time, and ideally he should 
not be too old so that he can be closely in 
touch with the future rather than the past. If 
we could get universities, industry and Gov
ernment departments to release people like 
this, it would be the ideal solution. A person 
like Dr. Hornig has been five years as the 
President’s Science Advisor and resigned as 
Chairman of the chemistry department at 
Princeton in order to take the job. He is not 
going back to Princeton. He was not on a 
leave of absence. He is just one of 50 or 100 
like this in Washington at any given time. I 
think this is something we must work toward.

The Chairman: This has worked well with 
the Economic Council, because I remember 
when I helped to set up that Council. I had 
long discussions with Dr. Deutsch and he 
wanted, as you well know, to stay at the 
university at that time but he finally agreed 
to come for a period of three years and he 
then went back. I am sure that this will be 
more and more possible in the Canadian 
scene from now on.

Dr. Solandt: I think that Dr. Deutsch is an 
excellent example of what can be done.

The Chairman: Now, the Council in defin
ing goals and priorities for science policy—I 
do not want to get involved with the report at 
this stage—seems to want to put the emphasis 
on our economic and social problems and I 
have no quarrel with this, at least for the 
time being. But given this declared intention 
of the Council, how can you expect to define 
satisfactorily economic and social goals and 
priorities and to identify even in general 
terms what ought to be the major areas of 
research in the social sciences if you have no 
social scientists sitting as full members of the 
Council?

Dr. Solandl: Let me first say that our aim 
is not really to seek to solve social and eco-
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nomic problems; it is to seek to define how 
science can best help in solving these, 
because these problems are not soluble by- 
science alone. They need political and com
munity leadership and all sorts of other 
things. The simple answer to your question is 
that I only know of three people who firmly 
share the view that the Science Council can
not deal with these things without social sci
entists on it. I think the three I am talking 
about are here at the table.

Let me go further back. I mentioned before 
that when the Council act was originally 
being written it specified that it would deal 
with the natural sciences and engineering. I 
was not appointed Chairman at the time, but 
saw the draft of the act and had this 
removed. I was unable to get any mention of 
social science put in, but the act just says 
“science” so by the act, we are permitted to 
deal with social science problems. There has 
been strong resistance by almost everyone 
consulted to putting social scientists on the 
Council and I feel quite strongly that one of 
our really important problems in science in 
Canada today is to get an effective body for 
formulating national science policy in the 
social sciences, as well as in the natural 
sciences and engineering. We, in the Science 
Council, have so far merely said that we 
recognize the importance of social sciences. 
We want to reach out as far as we can toward 
them to join hands and make sure there is no 
gap between the two, but we certainly do not 
have the membership either on the Council 
itself or the staff to do an effective job of 
dealing with social science problems.

As you know, we have been strengthened 
in this are by two new members, Dr. Dan- 
sereau from the University of Montreal and 
Dr. Kates who is among other things an 
urban transport authority and much involved 
in city planning.

The Chairman: I thought that Dr. Dan- 
sereau was a former Dean of Science at the 
University of Montreal. Would he qualify as a 
social scientists?

Dr. Gaudry: Almost. He is an ecologist and 
interested in environmental problems.

The Chairman: I know him very well.

Dr. Solandt: These are really people that 
would be excellent. They are people that 
bridge between natural sciences and the 
social sciences, but both of them have the 
main base in the natural sciences.

The Chairman: You would agree that as 
you move along in that direction you are like
ly, explicitly or implicitly, to set priorities for 
research and development in the social 
sciences, if your approach and your specific 
proposals regarding research projects are 
accepted.

Dr. Solandt: Yes, there is this risk. Specifi
cally, we will merely be pointing out areas in 
which there is need to do work in the social 
sciences in connection with programs that we 
are advocating, but, as you say, if no one 
from the social science side is outlining pri
orities from their point of view, our views 
may prevail just for lack of opposing views.

The Chairman: But apart from the Eco
nomic Council which has a different responsi
bility and operation, is there any agency in 
the federal field now trying to define priori
ties in the field of social sciences?

Dr. Solandt: No. We have worked very 
closely with the Canada Council—

The Chairman: I knew the answer.

Dr. Solandt: We have worked very closely 
with the Canada Council on support of 
research in the universities, for instance, but 
this experience has made it quite clear to us, 
as I am sure you know well, that the Canada 
Council is not really constituted for dealing 
with, nor is it attempting to deal with, broad 
policy problems in the social sciences.

I recognize that dealing with policy prob
lems in the social sciences is much more diffi
cult than in the natural sciences and engi
neering, and it is much less attractive to 
governments because the solution to social 
science problems nearly always gets you into 
political fields very directly. I think natural 
sciences and engineering have been fairly 
popular because they do deal in rather objec
tive ways with problems that everyone can 
see and describe.

The Chairman: Wait until you get into 
pollution.

Dr. Solandt: But pollution is very largely a 
social problem. That is, the decision as to 
what amount of pollution we are going to 
tolerate is a social problem, and the engineer
ing and technical side of pollution is really 
much easier than the social and economic 
problems.

The Chairman: I think it was Dr. Gray who 
was telling us last week that so far as poilu-
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tion was concerned it was not so much a 
question of research but a question of regula
tion. Would you agree with that?

Dr. Solandt: Yes. But the regulation has to 
be based on an understanding of both social 
and economic factors.

The Chairman: I have just one question to 
ask and then I will end my monopoly. Then, 
after we have had our coffee break, I will 
yield to the members of the committee.

Since most of the members of the council 
representing universities and industry are 
greatly dependent on Government assistance 
to finance their research activities, do you 
think this position of financial dependence 
inclines them to constitute a lobby for the 
private sector, or does it frustrate them when 
they have to appraise and criticize govern
ment programs and projects in the presence 
of public servants responsible for the alloca
tion of grants? In other words, given the role 
that the council has to play, are you satisfied 
with the way it is being composed? For 
instance, is the public sector represented on 
similar bodies in the United States?

Dr. Solandt: You have a gift for asking 
difficult questions. But it is a very relevant 
and very important question.

The Chairman: I am sure members have 
felt, too, that since we have started this 
investigation we have seen that the so-called 
scientific establishment in Canada is relative
ly restricted, at least in so far as the composi
tion of boards and councils are concerned.

Dr. Solandt: It is very restricted. I might 
say that this is a field in which everybody 
will have his own opinion, but I have had 
quite a lot of experience in this field on both 
sides of the fence. I would say that in general 
the people from the universities find them
selves in a very difficult position in dealing 
with Government officials, because they on 
the one hand would like to be critical of what 
the Government is doing in many cases, but, 
on the other hand, recognize the most of their 
support comes from the Government and, as 
you say, it is usually the same people who are 
involved. There is no doubt that this has been 
a major factor in the operation of the Nation
al Research Council.

It might not be out of place to tell a story, 
since it is now so far back in history and will 
not affect anybody, but one year in my early

days as chairman of the Defence Research 
Board—which would be 20 years ago now—I 
suddenly realized that I had had quite a num
ber of members of the National Research 
Council in to visit me. I got my secretary to 
check back and I found that over a period of 
time every member had been in to see me 
and everyone had come with a special mes
sage to say, “Is there not something you can 
do toward changing the policy of grants to 
make it more like that of the Defence 
Research Board?” At that time the policy of 
the Defence Research Board in respect of 
grants was more liberal because we were new 
and had started without some of the difficul
ties inherent in the other system. I said, “You 
are a member of the Research Council. Why 
do you not do something about it yourself?” 
And the answer would be, “Well, I wouldn’t 
like to rock the boat.” Every single member 
had come in to see me in this connection.

Now the situation has greatly improved, 
largely because there are more and more peo
ple getting involved, but you have put your 
finger on a very real problem which derives 
from the small size of our scientific communi
ty. The people who are asking for the money 
are also the ones who are on the committees 
that might be in a position to be critical.

Let me say also that there is very little 
lobbying done on committees by the universi
ties or industrial representatives. I think 
industry in particular tends to be like the 
Ogden Nash character, who leaned so far 
over backwards in order to be upright that he 
fell on his face.

Typically, an industrial member of a com
mittee loses business for his company by 
being on the committee. That is, if his compa
ny is involved in that field. An that is so 
because he feels he cannot press the claims of 
his company at all. So many people make real 
sacrifices by going on committees.

This, again, is the problem of our small 
size. We cannot get enough good people to 
find good ones that are just not involved at 
all. So far as the Science Council goes I 
would say that we have been just remarkably 
free from this kind of problem. Would you 
not agree?

Dr. Gaudry: For one good reason: we do 
not have any money to allocate.

The Chairman: But the members of the 
Science Council are expecting money and 
assistance from other research agencies, and
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the heads of these other research agencies are 
members of the council. They, if not par
ticipating actively in the discussion, are at 
least listening.

Dr. Gaudry: Yes. This is very true. I am 
the Chairman of the Committee of the 
Science Council to study support of research 
in universities. We hope that in the spring we 
will be able to come up with a report for the 
Science Council which may lead to a recom
mendation of a new policy. At that time I 
may be faced very clearly with this problem, 
because the people involved in the agencies of 
the Government may completely disagree 
with what we recommend. That remains to be 
seen, but we could be in the position that this 
will be a risk; but it will be just one more 
risk to add to those that university presidents 
now have to take.

The Chairman: You will not have any trou
ble with this committee, provided you give 
enough money to the University of British 
Columbia.

(A short recess.)

Upon resuming:
The Chairman: Who is going to be our first 

questioner? Senator MacKenzie.

Senator MacKenzie: Mr. Chairman, there 
are so many questions that grow out of this 
report.

The Chairman: I understand that now we 
are trying to focus our attention on the brief 
and along the line of questions that were put 
to Dr. Solandt.

Senator MacKenzie: I our meeting in cam
era yesterday I was asked to refer to two or 
three matters in a general way about the 
report.

The Chairman: I was proposing this morn
ing, because I regret I was not able to be at 
the meeting yesterday afternoon—and I 
thought this had been more or less agreed 
to—that we would deal with matters refer
ring to the brief at first and then go on to the 
report.

Senator Grosari: Mr. Chairman, as I was 
acting chairman during your absence yester
day, the committee agreed, and I think it was 
a general decision, that it would be almost 
impossible to separate the two. I am sure 
Senator MacKenzie knows your wishes in the 
matter.

Senator MacKenzie: As I was saying, there 
are so many questions of interest and impor
tance that I hardly know where to begin and 
still leave some time for the other members 
of the committee. However, I want to be 
brief. I would like in the first instance to 
congratulate the Science Council on one of 
the major studies which they have proposed, 
and apparently have done something about 
because it is here in this batch of material 
that has been presented to us. The members 
of the Senate will remember that I think my 
first intervention in the Senate when I came 
here was to suggest and recommend that a 
special or probably joint committee of the 
Senate and the House of Commons should be 
established to study our fresh-water resources 
in Canada. It gives me a great deal of plea
sure and satisfaction to know that that is 
being undertaken and is going on, because I 
believe this will continue to be a subject of 
major importance because of the amount of 
fresh water that we possess, and the poten
tially growing needs for fresh water on this 
continent and across the world.

Going on from that, there are two major 
questions that I want to raise and discuss. 
The first has to do with the general activities, 
functions and purposes of the Science Council 
and about science generally in Canada. My 
questions about it have been answered in part 
in the report, but it has been one of my 
continuing interests and feelings that science 
is, and must be, concerned with human 
beings and what happens to human beings as 
a result of the work they are doing in science 
and technology, and also how the welfare and 
lives of human beings can be improved as a 
result of the work done by the scientists.

I should like to read a passage from page 6 
of this report from the United States on the 
technological assessment seminar, which our 
Secretariat was good enough to leave with 
me:

The third part of the program I would 
recommend is to direct our technology to 
our unmet human needs. It seems to me 
that an increasing proportion of our 
scientific and technological resources 
should be applied to alleviating environ
mental and social problems derived from 
technology, and should be used towards 
enhancing our way of life. I am talking 
about applying science and technology to 
the attainment of important human val
ues, to enhancing the satisfactions from 
work, to improving the environment, to 
rehabilitating natural resources, et cetera.
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It was therefore with a great deal of plea
sure that I read page 13 of section 3 of Report 
No. 4, the general framework of policy that 
the Council has set itself, for the time being 
at least, and the six goals chosen: national 
prosperity; physical and mental health and 
high life expectancy; a high and rising stan
dard of education, readily available to all; 
personal freedom, justice and security for all 
in a united Canada; increasing availability of 
leisure and enhancement of the opportunities 
for personal development; world peace, based 
on a fair distribution of the world’s existing 
and potential wealth. I like that very much.

The Chairman: It sounds like a good politi
cal platform!

Senator MacKenzie: Or any other platform. 
As in our debate in the Senate on poverty, I 
am again persuaded of the platitude that most 
of our problems exist and continue because of 
human beings. This is where not only the 
social sciences may be involved, but where 
the other areas of the academic and intellec
tual group in our society could be and should 
be involved, because I do not think we can 
achieve the Utopia we desire unless human 
beings themselves realize the roles they must 
play and the responsibilities that they must 
individually accept if those roles are to be 
achieved.

This is one of the kinds of attitude I have 
had about the contributions we should expect 
of our universities. I am delighted that Dr. 
Gaudry is the chairman of the committee on 
support for universities, because I know the 
report he will produce with his committee 
will be an extremely good one. Despite our 
Chairman’s scepticism, I am not here think
ing of financial support alone, although that is 
essentially desirable, even for U.B.C. I am 
thinking of the function and responsibility of 
the universities in our society in dealing with 
the human problems, which involves not only 
the natural, physical and social sciences, but 
the humanities, and philosophy as well I 
would expect. We will therefore all look for
ward to this report with a great deal of 
interest.

I have one or two questions on the univer
sities themselves. The first has to do with the 
dual role of the Government of Canada agen
cies in dealing with the universities. One of 
the responsibilities of the universities is the 
education of young men and women and their 
training for professions and in other fields. 
The other, related to it—although it is per

haps an area of special concern to the Science 
Council and to government—is the actual 
research done in the universities by university 
personnel with university facilities, either at 
the request or instigation of or in the inter
ests of government agencies and the Govern
ment.

In the past the universities have benefited 
greatly from having this kind of work done. 
It has not only brought to the universities good 
young men and women interested in science 
and research, but has also through their 
interest and work in those fields produced 
teachers much better than they could other
wise be. It is in a sense a two-way benefit; it 
is a very important benefit to and necessity 
for the universities, but I believe it is also 
essential and necessary, particularly in the 
area of basic research, to government agen
cies, the Government and the scientific com
munity generally.

As science develops and projects increase 
in complexity, and as the equipment neces
sary becomes more sophisticated and more 
expensive, it is of very great importance that 
the universities should co-operate more than 
they have done in the past in terms of impor
tant, expensive research work that may be 
expected of them or done within them.

I am encouraged by the fact that in two 
instances the universities of the western 
provinces are joining and making available 
their resources for common purposes in these 
fields of science. I would hope that this kind 
of thing would be a subject for discussion, as 
I am sure it has been, by the Council with 
the universities, so that more of this can be 
done, because without it much of the impor
tant work can obviously not be duplicated in 
every university in Canada.

The other point I wanted to raise about the 
universities has to do with the statistics that 
we were given by Dr. Gray last week as to 
the numbers of graduates in science and engi
neering we were looking forward to within a 
relatively short period of time in Canada—the 
jump from about 100,000 to about 300,000. I 
think you repeat in your report very much 
the same kind of statement.

You also put on the recrd that it was 
expected that some 70 per cent of the 
increase in production of Ph.D.’s and scien
tists and so on and so forth, would be in the 
universities. I hope that this will be given 
further study and consideration, because I am 
not sure that this kind of balance as between
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Government, industry and universities, in 
terms of trained manpower, is the right one.

After all, apart from the type of research 
that I have been talking about—that has been 
done, that is being done, and, we hope, will 
be done increasingly in the universities—the 
functions of the universities are to teach and 
to instruct, and if the universities devote 
most of their attention to the production and 
training of teachers to teach teachers, to 
teach teachers, to teach teachers, I just do not 
think that is good enough in our society. I 
think they have to take a much broader re
sponsibility and a broader view of their func
tion and of their work than that. I am propos
ing, Mr. Chairman, to leave the question of 
universities for the moment.

I would like to go on and raise, in a specific 
way, this question that has been of major 
interest to our committee ever since we began 
our hearings; and that is, if you like, the 
chain of authority and responsibility in re
spect of advice and the implementation of 
that advice.

I have in mind a practical illustration of 
this. This has to do with the observatory on 
Mount Kobau, which you were expecting me 
to bring forward. I am not an astronomer, I 
have no particular brief for astronomers or 
astronomy, but I am concerned with the prin
ciples, and I would like, if it can be given us, 
to know what has happened in this instance.

I have here a statement that the Dominion 
Astrophysical Observatory was built on Little 
Saanich Mountain near Victoria after a care
ful site testing program throughout our nation 
had established that southwestern B.C. was 
the best region in Canada for the location of a 
major observatory. That was done, I do not 
know how many years ago—80 years ago or 
something of that kind, a long time ago. Then 
during the Queen’s visit to Charlottetown in 
1964 the announcement was made that a 
major new observatory would be constructed 
in Canada to revitalize Canadian astronomy. 
A renewed search, undertaken by Dr. G. J. 
Odgers, resulted in the selection of Mount 
Kobau, near Osoyoos as the best site. On this 
basis the National Advisory Committee to 
the Department of Energy, Mines and 
Resources—composed of representatives of all 
major astronomical centres in Canada, includ
ing Toronto, as well as distinguished scien
tists from related fields, such as Dr. G. Herz- 
berg of NRC—made two recommendations : 
(1) That Mount Kobau should be the site of

National Queen Elizabeth II Observatory; and 
(2) that there should be established a National 
Institute of Astronomy on the campus of the 
University of British Columbia. That project 
was proceeded with.

Again, I think here in terms of the pos
sibilities of salvage, and the value of their 
assets in hand is some $4 million, divided as 
follows: a mirror blank, which apparently is 
valued at $1.1 million; optical shop equip
ment, $400,000; engineering design studies, 
$700,000; site development, including 12-mile 
road to 6,200-ft. high summit on Mount 
Kobau, $1.5 million. The site was granted by 
the Government of British Columbia.

This money was spent, and this project was 
agreed to and was under way. Then it was 
halted in midstream, and it is no secret that 
as a reult of this there is a substantial num
ber of disappointed and disgruntled scientists 
in western Canada—not only in the field of 
astronomy—because they do not think this 
makes sense, to propose a project, to get it 
under way, to spend a lot of public money on 
it, and then, without explanation, to drop it. 
This, as I say, is not particularly sensible.

Now, I am not arguing that this should 
necessarily be revived. It may be that 
astronomy has no importance in the Canadian 
future or on the Canadian scene, but I think 
it would have been a happier result if whoev
er was responsible had indicated, as with 
ING, that the matter was still under study or 
might be proceeded with at some future date, 
or something of this kind.

The only encouraging result of all this is 
that the four western universities are at the 
present time trying themselves, with their 
limited resources, to salvage this project, 
because they believe it is important. They are 
hoping that the equipment and facilities pres
ently available will not be scrapped, but that 
they will be retained so that, in due course, if 
this co-operation becomes effective, some 
progress can be made in respect of this whole 
program, and perhaps at substantially less 
expense than was originally envisaged.

But I come back again to the question of 
principle. Every little while we find reference 
made to the Arrow project, which was aban
doned. I, personally, at the time felt, and have 
felt ever since, quite apart from politics, that 
from the point of view of science, engineer
ing, and technology that abandonment was 
unfortunate for Canada. However, that pro
ject did involve a great deal of money at a
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time when money was difficult to obtain, and 
there may have been justifications on finan
cial grounds at that time. This particular pro
ject in terms of money being spent was not a 
very serious matter in terms of the total 
moneys being spent on science and research 
and development in Canada.

So, I come back to the two questions, 
which I do not necessarily expect the Science 
Council to answer because I do not think they 
were involved in it, or responsible for it. But, 
when advice is given it comes, I take it, from 
the Science Council—I think we were told 
this earlier—to the Government in the form 
of reports, and discussions between the 
Chairman, the Vice-Chairman and other 
members of the Council and the President of 
the Treasury Board, and possibly other 
interested members of the Government. I can 
understand the Government’s taking that 
advice because, after all, decisions of this 
kind have to be made by the Government 
itself in the light of its own circumstances and 
decisions, but it would be useful and interest
ing for us to have the members of the Science 
Council give us again a statement of their 
functions as to projects that are developed, 
and state to whom they go, and what action 
can be taken about them.

That is all I propose to say at the moment, 
Mr. Chairman.

The Chairman: Dr. Solandt?

Dr. Solandl: Dr. Gaudry, would you like to 
say something on this?

Dr. Gaudry: Perhaps I can say something. 
You have in these reports a scientific and 
economic evaluation of ING, so the Science 
Council was involved in ING, but it was 
involved when it had just been formed, and it 
was involved in a rather unfortunate manner 
because it had not yet begun to try to estab
lish the basis of a science policy. We tried to 
be of help to the Government, but I do not 
think that we should have been involved at 
that time because we were too young, and 
also because our purpose is not very specific 
in respect of these very delicate questions. 
Our purpose is to recommend a broad policy 
within which the Government should be able 
to make its own decision.

In the case of the telescope, this started 
long before the Science Council was formed, 
and we were never asked to issue a statement 
of policy on that question.

But, it is a fact that as the Science Council 
exists now there is a problem which has not 
yet been solved, and that is the problem you 
raised as to the implementation of the policies 
of the Council—where do these things go 
from here?

Senator MacKenzie: Exactly.

Dr. Gaudry: While this has been discussed 
actively in the Science Council, and between 
the Science Council and the Government, I do 
not think that we have yet a very clear opin
ion as to how it should best be done, who 
should be responsible for the implementation 
of the policies once they have been in princi
ple approved by the Government, or even 
who should be responsible for trying to get 
these recommendations approved and make 
part of Government policy once we have 
issued a policy report or statement.

Senator MacKenzie: I am particularly con
cerned that, if possible, projects should not 
be approved and commenced and carried on 
to some length, and then dropped, unless 
there are good reasons for doing so. They 
should not be recommended in the first place. 
They should not be implemented in part, in 
the second place.

Dr. Gaudry: That is right.

Senator MacKenzie: I know that human 
nature, being what it is, and the fact that 
changes take place so rapidly, may be the 
cause of this, but it does not look good and it 
does not smell good in the light of public 
opinion in any way, shape or form.

Senator Grosart: Mr. Chairman, may I ask 
a supplementary question? If the Science 
Council feels it should not take the responsi
bility for advising the Government on 
immediate short term science policy deci
sions, where should the responsibility for that 
in-put of science into government policy-mak
ing be laid?

Dr. Solandt: May I answer your question 
and also Dr. Mackenzie's by elaborating on 
the problem of the Queen Elizabeth II Tele
scope. As I see it, if this problem came up 
now, with the Science Council functioning 
reasonably well, the first thing would be to 
look at Canada’s national interest in 
astronomy.

Senator MacKenzie: I agree.

Dr. Solandt: Why should Canada be in the 
field of astronomy at all? Is it a concern of



960 Special Committee

government? is it a concern of industry? or is 
it a concern of the universities? Having 
looked at this problem you would then 
decide, in the light of Canada’s defined 
interest in astronomy, what we should do 
about it. Now, this was not done.

The Government traditionally has been re
sponsible for astronomy. Frankly, I do not 
think this makes sense—that is, if you look at 
it today. It does makes sense historically, and 
the Canadian Government has had a good 
record in astronomy, and there are certain 
aspects of astronomy that are obviously Gov
ernment responsibilities, but astronomy, in a 
broad way and as a research field in science, 
is probably not a Government responsibility. 
Here I am expressing personal opinions.

Also, when you start to recommend a thing 
like a big telescope which, in the field of 
astronomy, becomes a major expenditure in 
that field for many years for Canada, you 
have to look at the whole of the scientific 
community.

At this point I had better put in my dis
claimer as Chancellor of the University of 
Toronto at the time this telescope was 
proposed, when something like 90 per cent of 
the graduates in astronomy were at the Uni
versity of Toronto. Here was a proposal put 
up—by government officials—without really 
thinking that they were going to disrupt the 
academic society in astronomy in Canada by 
moving the astronomy out to British Colum
bia.

Senator Grosart: Who made the decision to 
go ahead with it?

Dr. Solandt: The decision was made by the 
federal Government—I guess, by the cabinet, 
finally.

Senator Hays: On whose recommendation?

Dr. Solandt: By the Department of Energy, 
Mines and Resources—it was called by anoth
er name then, the Department of Mines and 
Technical Surveys. The point was that this 
was not a recommendation from the point of 
view of the national interest: this was a 
recommendation from the point of view of a 
departmental interest. The department had 
discussed this through this National Advisory 
Committee with the university. I have talked 
to several of the university people afterwards 
and they did not realize their role. As they 
understood it, the Government members of 
the committee were saying “we are going to 
be able to build a good new telescope, would

you not support us in getting it?” It never 
occurred to them that they might have got 
the telescope; they thought it was agreed that 
their friends were getting a new telescope 
and would let them use it some of the time. 
So this was a departmental recommenda
tion—it was a sensible, well thought out 
recommendation—but it was put forward 
from a departmental rather than a national 
point of view, by the committee.

The Chairman: And the University of 
Toronto was caught sleeping again?

Dr. Solandt: The University of Toronto was 
represented on the committee by the profes
sor of Astronomy so it was not a question that 
they did not know about it. The National 
Research Council formally approved this at a 
meeting. I have talked to some of them, but 
they said they approved of it as a scientific 
venture, no one thought about its national 
implications.

I say this not to be critical of the people 
involved but to indicate the answer to your 
question, that if the Science Council had done 
a good job of looking at the national interest 
in scientific matters, we would have made a 
report which would have made it quite clear 
what kind of projects would fit into this poli
cy, if the Government felt they could afford 
them. We were not involved in the details. If 
this had been done carefully, then Senator 
MacKenzie’s other criticism would not have 
happened. If this had been widely discussed 
and if it were felt that this were a project 
that would have the unanimous support of 
the scientific community, and that the need of 
it was widely understood by the people and 
by the political leaders, then I do not think it 
would have become cancelled.

Senator Grosart: How do you get the 
unanimous support of the scientific communi
ty for any project?

Dr. Solandt: I think that in most cases it is 
by long discussion. I know that some people 
may be cynical about this, but I think one 
can come a lot closer to getting unanimous 
support than we had either in the case of the 
telescope of the ING.

Senator Grosart: Were the deans of the 
university not given an opportunity, when 
something like this was being done, to make 
their views known earlier?

Dr. Solandt: Not the deans, but the univer
sities were interested in those activities. One
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thing I felt very strongly about is, I have 
forgotten whether it was the deans who may 
have done this—but many people said “let us 
not do ING, because there are so many other 
things we can do.” If you say to them, for 
instance, that you will spend $7J million and 
work up to $20 to $25 million in two or three 
years, what project have you got that is of 
equal importance, equally well understood 
scientifically, that you can start to spend that 
money now—there is not one, there just is 
not one.

You see, what has been happening with the 
postponement of ING is that we are postpon
ing something that we could do now, that is 
timely and important, in favour of something 
that conceivably is more important but can
not be started for several years. The argu
ment put forward, in the original Science 
Council report, was that it looked as if ING 
were going to pre-empt a lot of our money 
for research for the future, but if certain 
research expenditures grew, even at the rate 
required to reach 2 per cent of GNP level in 
a few years, then there would be lots of 
money available for the other things we 
wanted to do.

Senator Grosart: Would you suggest, then, 
that the Government expenditure on science 
R and D should be really limited, that major 
Government expenditure should be limited to 
the priority set forth in your Report No. 4? If 
astronomy is not there, are you satisfied that 
the Government should not involve itself in a 
major expenditure in astronomy?

Dr. Solandt: No, we have said quite clearly 
that we are here recommending changes in 
the program, designed to change the direction 
of our total effort; but we are not recom
mending stopping work on anything that is 
not specifically listed So far as astronomy 
goes, I certainly have the intention that, 
when we have time, the Science Council 
would look at Canada’s interest in astronomy 
from a national point of view.

Senator MacKenzie: That is what I am get
ting at, Mr. Chairman, that is what I want— 
that study made by the Science Council.

Dr. Solandt: I do not think we should start 
out by saying: “Is the Queen Elizabeth II a 
good thing or not?”

Senator MacKenzie: No, no. Start right 
from the beginning.

The Chairman: You were saying earlier 
about ING—and I think Dr. Gaudry 
confirmed this—that if you were to report 
today you would deal with the problem in a 
different way. In what different way would 
you deal with it now?

Dr. Solandt: I do not think I would look at 
it very much differently. I think our interests 
would be in its potential importance to the 
nuclear power program, and that would be 
weighed a little more heavily. The way we 
look at it now, and the way many people 
have for a long time, is that the thing that 
really matters in Canada today is that we 
push forward with the nuclear power pro
gram. I think very few Canadians realize how 
successful this has been, what a really spec
tacularly good progress we have made. The 
Canadian heavy water moderated natural 
uranium fueled reactors are right at the top 
line of competitors for nuclear power 
throughout the world. I think there is still a 
very good chance that they will prove to be 
the most successful—not forever but say for 
the next ten or fifteen years. This is some
thing which we should reinforce, when we 
have these successes, that we should ensure 
that they are not starved or resources to do 
the development to keep in the forefront. I 
would say that is the first priority, and that 
ING would only be supported if it were 
important support for the nuclear power 
program.

Since we reviewed ING, I think that the 
possibility of its being an important support 
has probably increased. You would have to 
ask more expert people than I for an opinion, 
but that would be my impression. Therefore, 
I would have said that if we have the money 
we still should do ING, but if we are short of 
money I do not think there is any argument 
that the things that are closer to the nuclear 
power program should have priority.

Senator Grosart: You said you briefly 
looked at the alternatives in your report. Is 
there any significance in the qualifications? 
The alternatives proposed by AECL? In your 
report on ING you said we looked at these 
alternatives. As I understand it, you are 
speaking of the alternatives.

Dr. Solandt: No, no. The alternatives 
referred to there were alternative research 
projects, not alternative sources of expendi
ture on development.

Senator Thompson: I would like to pursue 
this because I feel it is important that we
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should try to understand more completely the 
method by which decisions are formulated 
concerning the development of scientific 
projects. I would like to say that it is the 
mechanics of assessment and the process of 
making decisions that I would really like to 
have clarified. I am not talking about the pros 
and cons of either ING or the telescope; it is 
the mechanics by which you get the decisions.

Over the weekend our secretariat gave us 
an enormous amount of homework. Perhaps I 
should say at this point that I am in a sense 
ashamed that it was only this weekend that I 
read the reports and I understand that some 
of the people who prepared them are pres
ent—I will admit I do not know the differ
ence between indirect and direct wiring, but 
the lucidity and clarity to which this is 
expressed to me—I was very absorbed in 
each of these reports and I congratulate them 
on being able to express to laymen the points 
of view they wanted to bring forth.

I also read a technical assessment seminar 
which Dr. Mackenzie has already referred to 
and which was carried out by the 90th Con
gress. I would like to take a couple of very 
strong assumptions they brought forward. 
They first suggested that Congressmen—I put 
other public servants, public representatives 
in this category, that we really are not into 
the 20th century in being able to understand 
scientific jargon or knowledge. On the other 
hand, I would like to express that from 
prehistoric times man has always had to 
make decisions about technological tools. 
When early man discovered the stick, he had 
to know how to beat his wife with it or slay 
his enemy with it.

The Chairman: Is that not the same thing?
Senator Thompson: The other assumption 

is—and the seminar emphasized this—that 
scientists are dedicated men who give their 
lives to pursuing knowledge about a certain 
narrow subject, and being human they are 
inclined to be biased towards that particular 
discipline. Now, having said that, I would 
like to quote from the Technology Assessment 
Seminar, page 154, where it is stated that 
some of the difficulties in submitting a tech
nological assessment by any public body are: 

... (1) the skills and professional biases 
of the personnel involved,

It is natural when a scientist has spent a 
great deal of work on it. It further states:

... (2) failure to give adequate represen
tation to all relevant viewpoints and 
interests,

by a scientific community presenting a case. 
Then,

... (3) overemphasis on short-term eco
nomic criteria relative to broader and 
longer range social criteria, especially in 
the private sector, (4) an inadequate 
information base, with no feedback 
toward improving the data-collection sys
tem, (5) lack of a mechanism for identify
ing the most important problems at any 
one time, taking into account that the 
political process is inherently limited in 
the number of issues which can command 
political attention at any one time.

The seminar then made suggestions about 
the kind of machinery that could be set up to 
make a technical assessment and if I could 
quote from that—it is on page 115. Having 
just presented these principles which the 
seminar enunciated with respect to examining 
any proposal, perhaps I could relate them to 
ING and ask if this procedure was followed 
in connection with ING.

The first thing is that there should be a 
technical, rigorous analysis of the process. 
There is no question at all of its utility, 
desirability and so forth. We want to find out 
just what the technical situation is, spelled 
out exactly and in as much detail as possible. 
The second point is that whoever presents 
this technical description, if it is to the Assess
ment Board or if it is the Assessment Board 
itself, it should not at one and the same time 
be the group to make the assessment in the 
sense of making the judgment about utility or 
inutility, development or cancellation.

One of the problems we have in Canada is 
that we have so few people with a prominence 
in science that perhaps we do have a situation 
on the Science Council such that people who 
are making proposals, even on a major pro
ject such as ING, are also part of the Science 
Council passing judgment on whether this 
should be forwarded to the cabinet.

I think you pointed out that you see this as 
a worry, but because of the lack of top people 
there is not much we can do about it.

Now, the second thing it should do is to 
separately prepare a list of what the advan
tages are—perhaps again with reference to 
ING—and what benefits would accrue, what 
things might be perceived to be resultant 
which people would be happy with having. 
Then just take the opposite: what kind of 
things might result which would be detrimen-
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tal and with which people might not be so 
happy.

They suggested that there should be a con
frontation panel. In other words, that with 
the Science Council you should have the 
proponents of ING and you should also have 
the people who feel very strongly that it 
should not go ahead.

I, as a layman, pick up things about ING 
after the event. It is always easy, of course, 
to hear criticisms after the event.

I wonder whether it would have been use
ful to you if this kind of thing had been 
presented to you as a contrary argument to 
ING. The fact that in the United States, for 
example, as I understand it, in 1950 MTA, the 
Material Testing Accelerator, was conceived 
and $50 million was spent on it. It was some
thing similar to ING. I am a layman on this, 
but I just throw this out for your comments 
on it. They had gone ahead on this MTA in 
the United States and there had been a state
ment in a magazine by Dr. Rosen in 1966 just 
surveying the whole approach toward this 
MTA. He was showing what was being done 
at Oak Ridge. They had also had an Ameri
can patent for the commercial use of the iso
topes which would mean that this might limit 
the economic advantage that Canada would 
get from having developed ING.

I think it was the Department of Transport 
that came out with a study suggesting that 
this was not really a sound economic project 
to go into. However, on the other hand, I am 
sure that those kinds of contrary suggestions 
were considered by the Science Council. But I 
would suggest, Mr. Chairman, that one of the 
things the seminar bring forward here is that 
this confrontation panel should not only take 
place before a Science Council which is the 
assessment board but also should take place 
before an existing political body. And at this 
point we have not any, except the Senate 
Committee itself. In the United States, 
however, they have a congressional commit
tee and they argue very strongly, apparently, 
in this assessment seminar in favour of using 
Congress to help them make a decision on the 
pros and cons of these matters, because I 
would think that if you had had either a 
parliamentary committee or a Senate commit
tee in which you could have given us the pros 
and cons of ING and then assured us from 
your highly professional background with the 
Science Council that you felt we should go 
ahead with this because of national purpose

and so on we would be able to support you in 
the political arena where the decision obvi
ously was made to curtail it. I would think 
then there would have been a far greater 
fight to prevent curtailment of ING or the 
telescope or any other project that might be 
involved. What we need is a body of politi
cians doing homework and reading these 
excellent booklets that you have prepared 
and becoming familiar with the jargon so that 
they could take part in the decision making 
even at a low level and so that as a back
ground to the executive body there would be 
in Parliament and in the Senate another 
group taking part in this dialogue. Now, Dr. 
Solandt, in making this statement I have also 
asked some questions, and generally I would 
appreciate your comments on it.

Dr. Solandt: I think you pointed out a very 
important factor in the decision making 
process. As far as ING goes, all the early 
stages of this were handled, I think, extreme
ly well in the way you have outlined. That is 
the technical feasibility and excellence of the 
project which was reviewed very carefully in 
a series of papers put out by Chalk River and 
discussed at national, and even more impor
tant, international scientific meetings where it 
was compared by critical scientists with other 
possibilities. There is no doubt that out of this 
discussion ING came as a very interesting, 
exciting possibility and one that scientists in 
this particular field all over the world hoped 
would go ahead. That is one of the first 
things—we have to make sure it is good at 
that level. Then the Science Council commit
tee that looked into this was carefully select
ed so as to have on it no one who was deeply 
involved with ING but also so as to have as 
much expert knowledge available as we could 
find. As you say, in Canada this is sometimes 
difficult because all the real experts are 
involved. In this case, however, we imported 
a few experts from the United States and I 
think we had one from England as well. We 
wanted to have people knowledgeable in the 
field but who didn’t have a vested interested 
in seing ING go ahead. On the basis of this 
we considered it to be a good thing.

As you pointed out, we don’t have a 
mechanism for dealing with the next stage 
which is the difficulty of deciding whether 
ING is more important than, say, medicare or 
some other quite different type of expendi
ture, and this kind of decision can of course 
be made only at the political level. You can
not expect any group of officials to get togeth-
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er and decide between the expenditure of 
ING and some quite unrelated and not com
parable expenditure. Yet somebody has to 
make these expenditures and these assess
ments and that is what governments have to 
do. It is very difficult and it is very un
scientific also. You can use a certain amount 
of science in getting your facts well organized 
and marshalled, but in the final analysis 
somebody has to make an estimate of what is 
the best thing to do.

Senator Thompson: Do you mind if I inter
rupt here, Dr. Solandt? In going through this 
seminar report there was quite a bit of dis
cussion on informing the public so that they 
fould participate in the decision-making.

They talk of, for example, the Science Citi
zen a magazine which apparently goes out to 
editors across the United States and so on. It 
seems, at least from the seminar, that there is 
a much greater effort to get this across to the 
public before final decisions are made.

Dr. Solandt: There is. We have a magazine 
“Science Forum” now in Canada which is 
doing quite a job in this field, which was set 
up specifically with this in mind, so we are 
very conscious of the problem. We are 
delighted you people are interested in trying 
to find a solution. The U.S. congressional 
committee system is really quite a good one. 
As you know, it again has two levels. There 
are specialist committees which do the special 
pleading for their particular field of interest, 
and who in turn plead to the general commit
tees which assign priorities for funds. We 
have no comparable mechanism. Of the 
specialist committees in the U.S. one of the 
most familiar is Mr. Daddario’s Subcommittee 
on Science and Astronautics. These specialist 
committees are quite well informed because 
they devote a lot of time and learning to the 
subject. They listen to the scientific communi
ty on the one side and talk to the appropria
tions committees on the other side, so you 
have them as a link.

Senator Bourget: Do they have technical 
advisers?

Dr. Solandt: They have quite large staffs of 
their own and they work very closely with 
the scientific community and pull in technical 
advisers. That committee works particularly 
closely with the National Academy of 
Sciences.

Senator Bourget: If they were working 
alone it would be difficult. In this committee 
it would be very difficult for any of us to 
understand the technical implications of it. 
That is the reason I am asking if that kind of 
committee should have some technical advis
ers to enable it to understand the implications 
exactly.

Dr. Solandt: They behave very much as 
your committee does. They have a small 
expert staff of their own which helps them, 
and in addition they call in outside advisers 
who are specialists in whatever field they are 
at that moment discussing.

Senator Thompson: May I just finish my 
question?

The Chairman: I am sorry, Senator 
Thompson, but I know that Dr. Solandt has 
an appointment at one o’clock, and he is a 
very important man in the present 
circumstances.

Senator Thompson: I realize that.

Dr. Solandt: It is not that I am important, 
but my commitment is.

Senator Thompson: I can be very brief. I 
notice that one of the recommendations of the 
British Atomic Energy Authority has been 
that there should be a separate assessment for 
evaluating all the proposed programs of the 
British Atomic Energy Authority. My impres
sion is that, although the British are quite 
advanced in the whole field of nuclear devel
opment, they are still making a hard assess
ment of it. You speak of our Canadian effort 
enthusiastically and in glowing terms. Do you 
think we should be having an assessment of it 
ourselves? Would you put it near the top of 
your priorities? Do you think there should be 
a harder look at this?

Dr. Solandt: At which?

Senator Thompson: At our whole approach 
towards encouraging such things as ING, put
ting it into a nuclear development program. 
As I understand, you feel it should be one of 
the things we should be encouraging, or that 
the Science Council should be encouraging.

Senator Grosart: Mr. Chairman, it will be a 
long answer, and I suggest we leave it until 8 
o’clock.

The committee adjourned.
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EVENING SITTING
(.Second Session)

At 8.00 p.m. the meeting was resumed.

Senator Maurice Lamontagne (Chairman) 
in the Chair.

The Chairman: Honourable senators, I call 
the meeting to order.

I would like to remind members of the 
committee that, before we go into greater 
detail in the report itself, we should 
endeavour in this first stage of our discussion 
period to concentrate as much as possible on 
the role of the Science Council in the process 
of science policy formulation and other relat
ed questions as to the structure and composi
tion of the Council.

I think this morning that we really inter
rupted Senator Thompson and we might come 
back to this question.

Senator Thompson: Mr. Chairman, I won
der if I could continue with the question I 
put this morning? Dr. Solandt, I am sure I 
speak for the chairman and the committee 
when I say we appreciate so much both of 
you coming back again to answer questions 
and to give us information.

My question this morning had to do with 
the enthusiasm and emphasis which is being 
expressed concerning Canada’s nuclear power 
program. In this connection I would like to 
quote from Report No. 4 of the Science Coun
cil of Canada.

At page 35 it states:
Canada’s nuclear power program is one 
existing major program which has been 
particularly successful and which has 
secured for Canada a prominent position 
in the world market in this highly com
petitive field.

There are similar quotations on page 47, 
and elsewhere in the report.

Again my question is in connection with 
assessment, and I raise this for the reason 
that other countries, as I understand it, are 
looking at this whole area of nuclear power. 
For example, earlier this year the Select 
Committee of the British House of Commons 
published its findings in a large report. One 
of the recommendations of that Select Com
mittee was that a separate assessment board 
should be set up to assess all programs of the 
British Atomic Energy Authority.

29341—3

I wonder if at this point you think that we 
should be doing an assessment of our nuclear 
power? Based on your intimate knowledge, 
do you think we are in a position to be thor
oughly enthusiastic about the opportunity 
nuclear power will give Canada’s economic 
development as well as opportunities in the 
world market?

Dr. Solandt: I think the first answer to that 
is that we have a continuing assessment con
tained in the form of the Board of Directors 
at Atomic Energy of Canada Limited, who 
are a very distinguished group, partly scien
tists and engineers and partly people in the 
power industry, who do meet, I am not sure 
whether it is monthly or every two months, 
to review the rpograms of Atomic Energy of 
Canada.

So that I think is a very effective first 
review mechanism. I do not know what sort 
of review mechanism you would have beyond 
that, unless a committee such as this that 
would listen to the arguments to decide 
whether they are convincing or not, because 
there is no group in Canada better able to 
review these projects than the people in 
AECL, plus their Board of Directors.

Senator Thompson: Again I come back to 
the idea of a group, a political group, which 
should be made aware of various potentials. I 
have in the back of my mind that it would 
act as a confrontation sort of panel with the 
Science Council, to consider these things that 
you have said are thrown at you to make 
decisions on.

This morning I gathered that you felt it 
would be useful to you if our Science Com
mittee were to evolve into something similar 
to a Congressional Committee, but it seems to 
me that the aspect of nuclear power and 
enthusiasm for it is made by the people who 
are working in it. As I mentioned at the start 
of my remarks, these people will promote this 
very deeply, but they are biased in this.

Dr. Solandt: Yes, but I would just like to 
comment that—and I am sure you will 
agree—this is true of everyone. It is not 
peculiar to scientists.

Senator Thompson: No, no, I agree.

Dr. Solandt: There is often a feeling that 
scientists should be so pure that they do not 
promote their work while everyone else is 
busy promoting his.
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I disagree with this. I think that you reach 
a good decision when you have advocates of 
different points of view, good advocates, well 
informed and believable and then you weigh 
the pros and cons. You are in trouble if you 
have a good advocate for one point of view 
and a poor advocate for another point of 
view, which may in fact be a better point of 
view but one that is poorly put.

So I am in favour of having scientists who 
are good advocates, who will put their 
proposals lucidly and clearly and set out the 
advantages and the disadvantages and, as I 
see it, to follow your line of reasoning, it 
seems to me that you want first of all a 
committee of some kind which is made up of 
knowledgeable experts but who are not dedi
cated go the particular project and in this 
case the Board of AECL is quite satisfactory 
for that purpose. But then you are suggesting 
and I would agree, that at the next level you 
want a group of people who are politically 
oriented and who have a broader interest in a 
lot of aspects of national policy, but who are 
well enough informed to understand broadly 
what the scientist is talking about, because 
this is when you begin to weigh the scientific 
program against other programs that may be 
quite different, in which the scientist will 
have nothing, or very little, to contribute in 
the judgment.

Senator Thompson: Dr. Solandt, my last 
question still relates to the effect of bias in 
scientists, which is in all human beings if 
they have a sense of dedication to their 
work—naturally they are going to be for it, 
otherwise they would not be spending their 
life and their talent in pursuing it. My ques
tion is with respect to the structure of the 
Science Council in relation to government. I 
would just like to get that straight again.

As I understood it, previously it could be 
that the Secretariat would do some sort of a 
report on a study for the Science Council. 
The Science Council would then refer this to 
the appropriate Minister or to the Prime 
Minister for the government’s approval. The 
government in turn would then go to the 
Secretariat to ask their advice on this study. 
At this point in the past, the Secretariat, who 
wore a different hat, would not say: “Well, 
we actually initiated the study”, but they 
would give their advice on it and then the 
government might approve it.

Am I inaccurate in that statement, that that 
did take place previously?

Dr. Solandt: I hope so. It has always been a 
worry. The Secretariat’s relationship to the 
Council has merely been one of supplying 
staff; but a report like this, which is labeled a 
science Secretariat study, was really done by 
the staff of the Secretariat working for the 
Science Council. This report was referred not 
by the Secretariat to the Council but by its 
own staff to the Council, and in future these 
reports will be labeled Science Council 
Reports.

There is of course a danger that when the 
Science Council has formulated its advice and 
passed it to the Prime Minister that he will 
pass it back to the Secretariat as his science 
staff to tell him what to do. We hope that we 
are always close enough to the Secretariat 
that he will get the same advice there as he 
did from us.

He of course can pass a report to any num
ber of other agencies for advice and I sup
pose might well do so if he suspected our 
advice as being biased, but I visualize the 
Science Council’s job as being to try to give 
to the Prime Minister and the government a 
consensus of opinion of the scientific com
munity, not just the views of the members of 
the Council.

We do make a real effort to try to enlist on 
Committees, and invite to submit reports to 
Committees or to put in briefs, all the ele
ments of the scientific community that have 
an interest a particular subject.

So what we are trying to do is to act as the 
spokesman for the scientific community rath
er than just to present our own opinions.

Senator Thompson: I think, Dr. Gaudry, 
during the recess, you mentioned something 
to me which corresponds with Dr. Solandt’s 
view. I wonder if you want to say anything to 
the Committee on this?

Dr. Gaudry: Well, I was just going to say 
that we hope the present system whereby the 
Science Council and the Secretariat are sepa
rated will work. I think it has to work pro
vided that the Secretariat staff does not 
become so large that it acts as a Science 
Council all by itself, because if in a number 
of instances the Science Council’s recommen
dations were not found to be acceptable by 
the government or if, to put it differently, 
there were other advisors who advised differ
ently, I think that in no time at all the 
Science Council would cease to exist.
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The Science Council is there to advise; the 
people who are members give their time will
ingly to that, but I think that the advice that 
they give, if not fairly often accepted, would 
mean that they have no real purpose. I hope 
that this will never happen.

Senator Bourget: So it does mean then that 
this is the only body, the sole body who will 
make recommendations to the government, 
through the Minister, through the Prime 
Minister or somebody else, that you will be 
the only body who will make recommenda
tions and the Science Secretariat will not 
interfere; you will be a kind of Supreme 
Court.

Dr. Gaudry: Well, not quite. I think that 
we should be the only people to speak on 
behalf of the scientific community of the 
country; the government can do what they 
want for their reasons, but I don’t think that 
the government should, after having received 
the advice of the scientific community, ask 
for the advice of another scientific group.

Senator Bourget: That is it; that is what I 
wanted to make clear in my own mind, that 
you will be the only body that will make 
recommendations; if they are refused or 
accepted, that is all right, but you will be the 
only body to make recommendations ?

Dr. Gaudry: I would hope so, yes.

Senator Bourget: Now, if it is the case then 
that you report and make a recommendation 
to the Minister or the President of Treasury 
Board, who would advise the President of 
Treasury Board, who is not a scientist, how 
can he appreciate without having the scien
tific knowledge?

Do you think that he should be advised, 
have an assistant like the President of the 
United States has a Science Assistant?

Dr. Gaudry: Well, I think there must be 
found a mechanism by which the recommen
dations of the Science Council reach the Cabi
net level and are properly explained and 
expressed and are well defended there.

We think that the Prime Minister cannot be 
the man who can spend enough time to study 
in detail the recommendations of the Science 
Council; therefore I think that we must go 
through some mechanism.

I do not know, this is just guess work, it 
could be say a Minister without Portfolio 
whose job it would be to look after science, for
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instance, in the Cabinet; I don’t know, this is 
just one of many possibilities, but I think that 
we have to find a mechanism by which we 
have access to the decision-making powers of 
the government.

Senator Bourget: Do you think that would 
be a good recommendation for the Committee 
to make, that a Minister without Portfolio be 
appointed?

Dr. Gaudry: I am not making this as a 
recommendation of the Science Council, no, 
but I think more and more personally that 
this could perhaps be a good solution, but I 
am not familiar enough with all the mech
anisms of government decision-making to be 
certain.

The Chairman: He is not a privy councillor.

Dr. Solandt: I might just add a word on 
how the Americans have solved this problem: 
You said that the President has a science 
advisor, Dr. Hornig. They also have an Office 
of Science and Technology, which corre
sponds very closely to the Science Secretariat, 
although it is in a little different position. The 
head of that is Dr. Hornig. They have a Presi
dent’s Science Advisory Committee, which is 
very much like the Science Council. The 
Chairman of that is Dr. Hornig. They have 
the Federal Council for Science and Tech
nology, which corresponds to our Advisory 
Panel on Scientific and Industrial Research. It 
is the official body corresponding to the Privy 
Council Committee. The Chairman of that is 
Dr. Hornig.

So they have solved this problem of conflict 
of advice by having only one person doing all 
these jobs.

The Chairman: In a very different political 
structure, as we saw last night.

Senator Bourget: Mr. Chairman, could I 
ask one more question?

The Chairman: Yes.

Senator Bourget: It has to do with perma
nent members of the Science Council. I think 
we discussed that this morning in answering 
a question. Do you think it would be advisa
ble that the Science Council should have per
manent members? Personally I do not know 
how many times you meet, but so as to> 
understand more of the problems should not 
you have on that Board some members who» 
would be permanent?



968 Special Committee

The Chairman: You mean full-time, not
permanent?

Senator Bourget: Full time, yes. That is 
what I mean.

The Chairman: Not senators.

Senator Bourget: They would be Civil Ser
vice employees and permanent.

Dr. Solandt: I think we discussed the view 
on that this morning, that I think there is no 
doubt that it would be a good idea to have 
some full-time members, if they were not 
permanent. The problem is really to be sure 
that this can be achieved.

The Chairman: It can be achieved very 
easily I think by providing in the Act that the 
term of office will be limited, let us say, to 
six years, and will not be renewable.

Senator MacKenzie: What do you do with 
the poor fellow after the six years.

The Chairman: He will get a hundred thou
sand dollars-a-year job to advise industry.

Senator Grosari: Mr. Chairman, I hope I 
will have an opportunity to ask some ques
tions later on the report, but in the meantime 
I would like to come back to the question 
raised by both Senator Thompson and Sena
tor Bourget, about the mechanism.

I am not satisfied that we are anywhere 
close to having a workable mechanism. I 
notice that Mr. Drury in a speech he made a 
short time ago said that mechanisms must be 
found to carry out our national policies and 
programs, and that new institutions may be 
required to prosecute major initiatives in 
science and technology.

Dr. Solandt, I understood in answer to a 
previous question tonight that you said that 
the Science Council would be the only entity 
advising in the long-term area. Leaving aside 
for the moment the short-term advice, is this 
wise? Is not the American system better, 
where they have two really independent 
streams of advice coming in, one through the 
President’s Advisory Council and one through 
the National Academy of Sciences.

I support this by quoting from an article by 
John Lear, whom you may know, one of the 
outstanding science writers in the United 
States, and Science Editor of Saturday Re
view, who describes the function of the Na
tional Academy of Sciences as a congression- 
ally chartered scientific advisor to govern
ment.

Then, of course, we have the Advisory 
Council. The witness we had from the United 
States who gave us the evidence on the 
American system, Dr. Killian, made quite a 
point of the importance of these two 
independent sources of advice going to the 
government, one to the President.

Is not this a sound idea?

Dr. Solandt: Might I speak on that, because 
I think there was a misunderstanding of what 
Dr. Gaudry said; at least, unless I misunder
stand it I disagree with it but I think what he 
was saying was that within the immediate—

The Chairman: Cabinet solidarity!

Dr. Solandt: —group of people advising 
the Prime Minister directly as their job so to 
speak, there would only be the Science Coun
cil, but that the Prime Minister should get 
advice on science policy, as he does on every 
other aspect of policy, from a wide variety of 
different advisors. There is a great deal to be 
said for encouraging the independent profes
sional societies and other groups of this kind 
to give policy advice both to the government 
and to the Science Council. We do want to 
encourage the kind of widespread discussion 
of science policy that goes on in the States.

Now, there has also been discussion in 
Canada that we might try to develop the 
Royal Society into a body something like the 
National Academy of Sciences. This policy
forming function, or policy-advisory function 
of the National Academy of Sciences is quite 
new. I should not put it that way: The 
National Academy of Sciences was set up by 
Abraham Lincoln, I think it was, to advise 
the government on science policy at a time 
when there was practically no science in 
government and no other scientific advisory 
mechanism. Over the years it dropped right 
out of the field and it only got into it again 
under Dr. Bronk, who was the President 
before Seitz, in the last 20 or 15 years.

It has proven to be very successful, because 
it has given advice from a very detached and 
somewhat academic point of view, which has 
been quite an important input to the Presi
dent’s Science Advisory Committee but I do 
not think the two groups regard themselves 
as competitive. They are complementary, and 
I do not think they have ever run head on 
into each other in advising the government in 
opposite directions.

Senator Grosari: No, I did not mean to 
suggest that. I perhaps used the word in the
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sense that their data gathering and analysis 
and assessment and policy judgments are 
separate channels coming to the President in 
that case. It seems to me that there is an 
advantage in this, particularly if you take 
some of these particular cases taking the 
Arrow or the ING or the telescope in British 
Columbia, that one group seems to have left 
out some of the people who would like to 
have been heard and for some reason or other 
were not heard.

The Chairman: Before you answer it, at 
what level would you like this kind of paral
lel advice to be given? This morning I was 
asking some questions about this parallel 
exercise between the Science Council and 
what will be left of the Science Secretariat in 
the Privy Council office. Then we have two 
parallel operations, two bodies really advising 
the minister in fact on similar problems. If 
we were in our own structure of government 
to do that for science in the Privy Council 
office, why not do it also for agriculture, 
foreign affairs, trade and commerce, so as to 
try to have a kind of shadow government in 
the Privy Council office?

Senator Grosart: Now, Mr. Chairman, you 
frighten me by becoming the questioner and 
expecting me to answer, because I have not 
the faintest notion what the answer is. The 
question I am asking is—at what level?

The Chairman: I wanted you to be more 
precise in your question.

Senator Grosart: Well, I do not know how 
much more precise it can be than to say: is it 
a good idea to have these two on the Ameri
can pattern? If that is not precise enough I 
will abandon the question.

Dr. Gaudry: I would like to try to answer 
that question by saying this: Personally I am 
very much in favour of having some sort of 
Canadian Academy of Science. I think that 
one of the problems in a country the size of 
ours is really to try to get fairly rapidly and 
completely the consensus of the Canadian 
scientific community and any mechanism that 
would help us do that would be very useful.

I said that I thought that we in the Science 
Council were trying to represent the scientific 
community, but we cannot ask all the scien
tists before making a recommendation, but 
the more information we get from the scien
tific community the better.

Either a Canadian Academy of Science, or 
some similar body would be very useful to

bring to bear on Canada the opinion of a 
much larger number of scientists, but when I 
felt that there should not be two bodies 
advising the government I was rather speak
ing of a very small body working in a vacu
um separate from the scientific community. 
The American system, I think, would be com
pletely compatible with what we have in 
mind.

Senator Grosart: I am glad to hear you say 
that, because Mr. Drury has suggested this 
polarism of concept; he had asked in this 
speech and in other speeches should we have 
a ministry of technology, or a ministry of 
science, or whatever you like to call it, or— 
and this is his phrase—should we prefer this 
on the European model, or the highly diffused 
but well co-ordinated pattern of the United 
States government?

I presume this is what you were speaking 
of, Dr. Solandt?

Dr. Solandt: Yes, but.. .

Senator Grosart: He is prepared to call it 
highly diffused but well co-ordinated. What I 
am really asking is should we go to the Brit
ish system or to the European system or to 
the American system, or should we come up 
with one of our own, because to me the vital 
question before this Committee vis-a-vis the 
Science Council is the mechanism..

Dr. Solandt: I think that we should develop 
our own. I think the ideal one for us, is more 
likely to follow along the American lines than 
along the British or French, partly because 
we tend to do business more in that way.

I think that if we develop a mechanism 
such as you have suggested with not only a 
government organized body like the Science 
Council, but other sources of advice that are 
less closely organized, as the National Acade
my is, this will begin to build up that side of 
the mechanism.

I am much more concerned with the Cen
tral connection of the advisory mechanism, 
and this is a big difference between ours and 
the American one, because Dr. Hornig who is 
at the centre of their mechanism is a direct 
personal advisor to the President; he is part 
of the President’s staff. The Office of Science 
and Technology is parallel in organization to 
the Bureau of the Budget and in fact is 
housed right next door to it. So that the 
advice of that group is coupled very closely 
and intimately to the decision mechanism of 
the government.
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The Chairman: The American system and 
ours are completely different, but in our own 
terms would not you agree that Dr. Hornig is 
more or less in the position of at least a 
Minister without Portfolio in our own 
system?

Dr. Solandt: Yes.
The Chairman: Because he seems to be a 

very powerful man with a lot of responsibili
ties as you have just described him, to be 
really the centre in so far as getting informa
tion is concerned and giving advice.

Dr. Solandt: Well, as you know, his posi
tion is more like that of a Cabinet Minister. 
He is appointed by the President with the 
advice and consent of the Senate.

The Chairman: I understand he is going in 
January.

Dr. Solandt: Yes, but he has been there five 
years, which is a considerably long time for 
that. So you cannot force the parallel between 
these two too closely.

If you look at the French experience, for 
instance, they started by having a delegate 
general for science who reported to the Prime 
Minister. Then he gradually began to have a 
major responsibility putting together the 
research budgets, the science budgets of all 
the different departments into an envelope, as 
they called it, for science. Then they found 
that this did not work very well, because the 
Prime Minister did not have time and they 
appointed a Minister for Science, who really 
just acts between the delegate general and 
the Prime Minister, but to my mind they 
have confused the issue by making the 
Minister for Science responsible for atomic 
energy and space, so he has now got an oper
ating department and is no longer an objec
tive policy advisor and I am sure is suspect 
by all the other departments.

So they, after starting with a logical organ
ization as one would expect of the French, 
have become almost as illogical as we are.

The British really I think are in organiza
tional chaos in their science; I could give 
you my picture of it, which may not be accu
rate, but I do not think we should do any
thing other than learn by their mistakes, to 
try to avoid most of the things they have 
done in the last few years.

The Chairman: What about Germany?
Dr. Solandt: I am not really familiar with 

their system.

The Chairman: Because theirs is the closest 
or most analogous situation to ours in the 
sense that they have a federal system.

Dr. Solandt: Yes. I do not know how they 
do it.

Senator Grosart: Mr. Chairman, this brings 
me back to my question of this morning, 
which I do not think Dr. Solandt answered. It 
was this: If the basic concept of the Science 
Council advises long-term projections, who 
will give the Cabinet, the Prime Minister, the 
Privy Council, short-term advice?

The example I would take again is ING 
where they have the advice of the Science 
Council and the advice of the Secretariat, 
both appraising it and giving it high priority 
in terms of national goals, as your own report 
did.

The Cabinet decides we are going to cut it 
down, we are going to stop it. Now, whom do 
we turn to at this point? Where do they get 
the advice on which they decide not to take 
the advice of the Science Council and the 
Secretariat?

I am not being critical. I am interested just 
in the mechanism for the future. How can a 
group of laymen say in spite of the advice of 
the Science Council, in spite of the advice of 
the Secretariat, admitting we have some con
trary advice from deans of engineering, back
ing up an associate dean of engineering and 
then some associates of the associates; we 
want to dissociate ourselves from the associ
ates. I can understand the confusion in the 
Cabinet when they are faced with that kind 
of situation.

But looking to the future, you spoke of the 
connecting link, this point of input on short
term decisions, which are really the business 
of politics. The politicians must make the 
short term decisions. We can rely on many 
people for the long-term projections; this 
unfortunate job is to say what do we do 
today. Who is going to advise the government 
in the future if you are going to restrict your
self to long-term advice?

Dr. Solandt: Well, I had attempted to con
vey the idea that we were not going to limit 
ouselves to long-term advice in the sense of 
advice that would only affect events a long 
time in the future, but rather strategic advice 
in the sense of the big outlines of policy and 
that if these were adequately done then many 
of the technical decisions, the smaller ones, 
could easily be taken within this framework.
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I would visualize that in future as we get a 
good framework built up the Science Council 
will be more frequently called on by the gov
ernment for specific advice on major projects, 
even though they may be fairly short term if 
they are big and important, and we would 
then be able to advise them quite well on 
them because of our background of knowl
edge of the broad structure that we had 
envisaged for the policy of the nation.

For instance, I discussed the telescope this 
morning and I think ING is the same kind of 
thing, that once we have policies clearly 
envisaged in these areas and particularly as 
we begin to get some picture of what rate of 
expansion for science expenditure the govern
ment is willing to foresee, then we would be 
much more receptive to being asked for 
advice on short term objectives.

Our objection to ING as it was originally 
given to us was that we were in a sense asked 
to advise on a detail, but a very big detail, in 
a picture that we had not yet begun to paint, 
we could not even see.

Senator Grosart: But this morning I think 
you said that you felt the need for ING was 
even more important now than when you 
made your report. So to that extent your 
problem was not that you did not make a 
good analysis.

Dr. Solandt: Oh, no; I think we were 
remarkably lucky in our analysis, or maybe I 
should say that our advisors who worked on 
the report were remarkably skillful. I still 
think it is good, and you asked where the 
government got further scientific advice on it. 
I do not think they took further scientific 
advice. I think they just decided that they did 
not have the money for ING. I do not think 
anybody said ING was a poor project.

Senator Grosart: Well, admitting that the 
Government, quite rightly, has to cut some
where, my question is: Why did they pick 
this particular $7.5 million which we are deal
ing with in this year’s budget, which was 
supported by the tremendous recommenda
tion it was, instead of picking some place to 
cut that no one had recommended, or no 
similar body to the Science Council and the 
Science Secretariat had recommended?

This is the problem. The Prime Minister’s 
statement did not restrict the components of 
that judgment to the financial situation. He 
mentioned the fact that there were other sci
entists objecting and when I put the question

to the witnesses from the AECL if my con
struction of the steps leading up to it were 
correct, the answer was yes, and I again 
spoke of the deans and the letters to the 
papers and so on which as far as we, as far 
as any layman knows, is the only other com
ponent that went into it apart from a finan
cial one other than the advice of the Council 
and the Secretariat.

Again, I am not being critical. I am only 
concerned what the government in power—

Senator Mackenzie: Mr. Chairman, could I 
check with Senator Grosart on this seven and 
a half million? Is it not a fact that this was a 
preliminary amount. The total project was—

Senator Grosart: Was $155 million.

Senator Mackenzie: The total project was 
going to lead the government to expenditure 
on science within a fairly limited period of 
time for $150 million plus. That is different 
from seven and a half million.

The Chairman: I think the figure which 
was mentioned was on the average, more or 
less, about $20 million including capital costs 
and operations—for an indefinite period.

Senator Grosart: Yes, but Senator MacKen- 
zie, my reason for saying seven and a half 
million is that the government did not say—

The Chairman: It was a conservative 
estimate.

Senator Grosart: But even so, the govern
ment did not say, “We are washing out the 
whole $155 million”. In fact, the inference I 
got from the statement was that it might be 
reinstated at some future time, so they were 
dealing only with the immediate question at 
that time. Again I say I am concerned about 
this connecting link. Where at this point does 
the government, any government, turn for 
advice?

May I just add this, and it will finish my 
part of the questioning: Senator Gordon All- 
ott, whom you may know, is the ranking 
member of the Senate Appropriations Sub
committee which is charged with funding the 
National Science Foundation and the National 
Aeronautics and Space Administration. He is 
also a member of the Senate Defence Appro
priations Committee. He is a man of some 
experience, and he says this:

I ask leave to observe that the admit
ted lack of expertise on the part of the 
majority of members of Congress in areas
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relating to scientific achievement is 
regrettably matched only by the lack of 
appreciation on the part of many 
research scientists, engineers and techni
cal managers of congressional processes 
and problems.

On occasions so rare that I can scarcely 
recall them have I ever received com
ments from the scientific community rela
tive to how its operation might possibly 
be improved, where the waste is, where 
the duplication is, where the inefficiency 
lies, what the real difficulties and prob
lems are.

In other words, he says the decision maker 
does not know enough and the scientific com
munity is not doing its job in educating him. 
Is that our situation?

Dr. Solandt: I certainly feel that the com
munication between the scientific community 
and the whole legislative mechanism in 
Canada has in the past been very poor, very 
desultory and unsystematic. One of the real 
objectives of the Science Council has been to 
try to improve this, and I think that there has 
been a marked improvement.

If you look at the amount that is published 
in the newspapers and in the special journals 
like the Financial Post and Financial Times 
and our new science journal, the Science 
Forum, I am sure that the amount of discus
sion about science and science policy that is 
published in Canada in a month now is ten 
times what it was even three years ago.

Senator Grosari: I agree.

Dr. Solandt: And I believe that the exis
tence of this Committee has done a lot to help 
in this communication. I certainly feel that 
the scientific community deserves a large 
share of the blame in this. They have been 
quite apathetic in trying to communicate with 
others, because they have not felt it was 
necessary and it is clear that it is becoming 
necessary.

I have said this elsewhere and I would 
repeat now that I think, in the case of both 
ING and the telescope, the cancellation was 
to a large extent due to this failure first of all 
to communicate within the scientific commun
ity to get a consensus of what needed to be 
done, then to communicate the consensus 
intelligently to Parliament and to the public.

It seems to me that if these scientific pro
jects are well conceived, thoroughly under
stood—their objectives from the national

point of view understood—then they will get 
very high priority as objects of expenditure 
but, of course, they can never be sure of 
always being funded regardless of what the 
other claims are, because they are in com
petition with alternatives.

Senator Grosari: Thank you very much, Dr. 
Solandt. The longer I listen to you the more 
optimistic I get about the future.

The Chairman: Senator Hays?

Senator Hays: Doctor, could you for the 
Committee take a program that you were 
very interested in that you felt that we 
should be doing someithng with and just give 
us an example and follow it through from the 
time you first learned about it until it was 
completed—a program, and how you handled 
it?

Dr. Solandt: As Chairman of the Science 
Council?

Senator Hays: Yes.

Dr. Solandt: There is no such a thing; we 
have not been going long enough. We have 
not had any recommendation accepted and 
carried through to completion.

Senator Hays: How do you make your 
recommendations ? How do you learn about a 
program in the first place, and follow it right 
through? How do you handle it? How often 
do you meet, and who makes the presentation 
and all this sort of thing?

Dr. Solandt: First of all, on the straight 
mechanics we meet six times a year and we 
try to deal only, as far as major discussions 
go, with papers that have been prepared and 
circulated beforehand. These are prepared 
now by our own staff, but in the past they 
were prepared by the Secretariat, working 
for us.

You see, the Science Council did not come 
in at the beginning of scientific research in 
Canada. We were created two and a half 
years ago to try to give advice to the gov
ernment on a stream of scientific activities 
which were going on and which on the whole 
were pretty satisfactory.

So, we have viewed our job as first trying 
to find out what was going on by a series of 
inventory studies and then by trying to give 
advice as to how to change this flow of activi
ty in order to bring it more closely in relation 
to the national goals and the economic and 
social problems of Canada. So we have not in
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a sense originated new programs; we have 
merely tried to recommend how on-going 
things could be beter done, better organized 
and better carried through to completion. We 
cannot say that we started a project and that 
the project has gone so far, because in every 
case so far we have really been commenting 
on things that were already going on.

Senator Thompson: But in your study, you 
have chosen a major program of water
resources research. How was that initiated? 
Why did you not choose air pollution
research? Why did you decide on water
resources research, and then where did you 
go from there?

Dr. Solandi: We chose this, if my memory 
serves me rightly, which it may not; let me 
see, when did it start?

The Chairman: With the Science
Secretariat.

Dr. Solandt: Yes, but I was trying to
remember whether it started before the 
Council.

The Chairman: Before.

Dr. Solandt: I think it did; so that we can
not claim credit for having reached this deci
sion, although I think that it is quite a sensi
ble decision, because we do have a great deal 
of water in Canada. Our neighbours to the 
south are eyeing it very enviously and, as you 
know, there are a good many projects being 
discussed in the States for diversion of water 
from Canada. Certainly in discussion at the 
Council we have felt that we ought to push 
forward with a knowledge of what our water 
resources are, how we are going to use them, 
and what we need them for ourselves, 
because we are going to be under pressure 
from the U.S. to share our resources with 
them and we will be in a much stronger posi
tion to resist this, as I think we should, if we 
really know what we are talking about.

So this is an argument for giving priority 
to water resources, rather than air pollution.

Senator MacKenzie: Could I add footnote 
there: This was before the Council came into 
existence. I do know that correspondence was 
directed to both the Prime Minister and one 
of his colleagues urging the carrying out of 
studies in this area, either under a Joint 
Committee or in another way. I assume that 
one of the reasons that the Science Secre
tariat, as advisors to the Prime Minister and

the Cabinet, came up with this was in part 
because of this urging and this pressure.

Dr. Solandt: Dr. Maasland, you were in this 
almost from the beginning, were you not?

Dr. Dirk Elbert Leo Maasland, Science 
Advisor, Science Council of Canada: Not
quite, but I have heard these contradictory 
stories.

The Chairman: I am under the impression 
that the space program study and this one on 
water resources research and management 
were initiated by the Science Secretariat 
before the Science Council was established.

Dr. Maasland: This is my original under
standing, but it is not the way it has appeared 
in the report.

Mr. James Mullin, Secretary, Science Coun
cil of Canada: In the records of the Science 
Council the space report was certainly under 
way when the Council was created, but at the 
first meeting of the Council it was the Presi
dent of the Royal Society who asked the 
Council to consider intitiating a study of 
water resources, because the Royal Society 
was concerned and he as an individual 
professionally was also concerned since the 
Department of Energy, Mines and Resources 
have responsibility in that field.

Senator Thompson: Mr. Chairman, I was 
really following Senator Hays’ question. You 
must hear from a number of vested interests, 
in the high sense of the word, people with 
a particular interest, such as the President of 
the Royal Society, and so on. There are many 
studies that you could consider—safety of 
automobiles, and a whole variety which are 
certainly in the national interest—and I was 
just wondering how you arrive at the study 
which you will undertake which study you 
will take?

Dr. Solandt: Well, as I explained earlier, 
and as I think our last five-minute discussion 
makes perfectly clear, the Science Council 
started in a slightly confused state by taking 
over a series of projects of studies that were 
in different stages of development by the 
Secretariat. Since then we have been strug
gling, I think recently with some success, to 
try to get a much more orderly and coherent 
program in which we try to assign priorities 
within our own work, the jobs that we think 
are most important, and we have in fact now 
a list of priorities for discussion at the 
Science Council meeting next week, to decide
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priorities for at least the next year. We have 
to just choose the number of subjects that the 
staff can handle in the time alloted.

This is our limitation, because there are, as 
you rightly say, a hundred subjects that we 
could start on and we have tried to pick out 
the ones that seem most important to us in 
Canada and that we can most likely achieve 
something on in the near future.

In this sort of thing it is very important 
that there be a promise of some possible 
action. I always take an example of this: if 
one did not take this into account I think all 
science programs would include a study of 
perpetual motion or anti-gravity machines, 
because these obviously would be very valua
ble discoveries, but since we have no pros
pect of making any progress in that direction 
we simply leave them off.

Senator Hays: Can we take an example, a 
study like the Saskatchewan-Nelson River 
Basin Study, which is concerned with water?

The Chairman: Not the south Saskatchewan 
dam?

Senator Hays: No; it really is the conserva
tion of the water on the eastern slope of the 
Rockies. Would you be dealing with this?

Dr. Solandt: I would not expect so. It 
would fall clearly in our major program of 
water resources research and would be con
sidered as a part of that.

Senator Hays: Getting back to my original 
question, there is no program that you can 
follow through at this point then?

Dr. Solandt: No.

Senator Hays: You cannot say, “This pro
gram was suggested and initiated by so and 
so and we have made a study and this is the 
recommendation we are making to the Treas
ury Board or the Prime Minister, or any 
Minister”?

Dr. Solandt: Oh, we can follow some 
through from the initiation of the program to 
recommending to the Prime Minister. I 
thought you meant to action and completion.

The Chairman: Take the space program.

Dr. Solandt: The space program and the 
water resources programs are good examples. 
They are the two programs for specific action 
that we have carried through and made 
recommendations on.

Senator Hays: And you have already made 
these recommendations?

Dr. Solandt: Yes.
Senator Hays: And whom do you make

these to?
Dr. Solandt: To the Prime Minister. And 

they are published at the same time.
Senator Hays: Are these on a priority list, 

1, 2 and 3, in relationship to the amount of 
money that you have to spend?

Dr. Solandt: No.
Senator Hays: Are they looking for that 

sort of information?
Dr. Solandt: Yes, the President of the 

Treasury Board would like to have a list 
with every scientific activity in order of 
priority with a running total of expenses 
down the column, and when he decides how 
much to spend he takes a pair of scissors 
and cuts the list off at that point.

The Chairman: That is a typical Treasury 
Board approach.

Dr. Solandt: But this is a totally unreal 
idea, because obviously so many of the proj
ects in science are inter-dependent and if you 
are not going to do this one, then it is not 
worth doing that one, and if you are only 
going to do half of this, then you will do this 
one instead of that one, and so on.

So that any decision on priorities must be a 
sort of circular process, that Treasury has 
to say, “Well, we have only got so much 
money. What things do you think we would 
cut off?” You come back with a list and they 
say, “Well, that is not enough, cut off 
another.”

Senator Hays: Do you go so far as to tie 
them to future economic benefits which would 
give the Treasury Board some indication as to 
whether it pays to go ahead with this sort of 
a program?

Dr. Solandt: We have not. In both these 
two cases where we have come closest, the 
space program and water resources, we have 
tried to give a rough estimate of what the 
economic benefits are, but in nearly all these 
things there is a mixture of tangible and 
intangible benefits. In a thing like clearing 
up water pollution, how much value do you 
attach to it? I do not know. If you just put 
it in dollars and cents, it is not worth much, 
but if you put it in terms of improving the 
environment it is worth a lot.

The Chairman: Are there any other ques
tions on this vein?
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Senator Yuzyk: I would like to ask a ques
tion about a Minister without Portfolio in 
charge of science. Since many of these recom
mendations will cut across various govern
ment departments, in order to carry them out 
somebody will have to be responsible for the 
whole project. I understand that at least some 
members of the Science Council consider that 
there would be advantages to having a 
Minister without Portfolio in the Cabinet who 
would be responsible for science. What would 
be the advantages and disadvantages?

Dr. Gaudry: The one great advantage of 
having a Minister without Portfolio is that he 
is not responsible for a large scientific staff, 
so he does not run into conflict with the 
interests of his own department. He can take 
a more detached view. We were only looking 
for somebody to carry the responsibility of 
selling science to the Cabinet and its impli
cations and the needs of science in the 
country. We are not saying that this should 
be necessarily a minister, but we have not 
found an easy way to establish a proper 
liaison between the Science Council—

The Chairman: Do you mean that the alter
native is to have another public servant?

Dr. Gaudry: I do not know what the alter
native is.

Senator Yuzyk: Well, I think the govern
ment would be interested in having somebody 
who would co-ordinate such policy if the 
Science Council of Canada would strongly 
recommend it. I do not know whether the 
Science Council is recommending it, but I 
know you are discussing the matter.

Dr. Gaudry: We are discussing it, but we 
are certainly not recommending it at the 
present time.

Dr. Solandt: No, the situation is that we 
have been discussing possible mechanisms for 
the moment and if we were firmly convinced 
that we knew the right answer we would 
come out with a firm recommendation, but I 
am not certain that we have the right answer. 
The idea of a Minister without Portfolio 
seems to be the most popular suggestion at 
the moment. Other possibilities are that the 
President of the Privy Council would perform 
this task, but he is very busy with other 
things and would probably suffer much the 
same difficulty as the Prime Minister himself 
in just not having time.

Another possibility is that whoever is 
Chairman of the Privy Council Committee for 
Scientific and Industrial Research could be

the spokesman for science policy. This is the 
inherent difficulty, that it is very hard to find 
a Cabinet Minister who is interested in 
science to be Chairman of this Committee 
who is not himself responsible for one of the 
departments that is a major contender for 
funds, or the present situation where you 
have the President of the Treasury Board in 
this position and he is the major stopper of 
funds for everybody.

Senator Yuzyk: I still think the government 
has to look to the future, and even if we are 
not sure at certain stages, as you evaluate 
many other projects, it might be worthwhile 
starting. Surely they could find someone with
in the Cabinet who has quite a knowledge of 
science in general and would be in close com
munication with the Science Council and 
other Canadian bodies. He would have all of 
this at his fingertips, and in this way it would 
be much easier to promote certain policies.

Senator Grosart: The problem would be to 
get him elected.

The Chairman: Why?
Dr. Solandt: Mr. Chairman, I feel sure that 

the government is very hopeful that your 
Committee will include recommendations on 
this in your report, because it is a very diffi
cult problem and one in which your wisdom 
would be most helpful.

The Chairman: I think it is within our 
terms of reference.

Senator Grosart: But if the suggestion of a 
Minister without Portfolio found favour, what 
would be the objection to calling him Minis
ter of Science as he would be called in popu
lar, in the Press anyway? Would there be any 
objection to calling him the Minister of 
Science, without setting him up with a 
secretariat.

Dr. Solandt: I think the purists would pre
fer to call him Minister for Science Policy.

Senator Grosart: Yes.
Dr. Solandt: I see no objection; in fact, I 

personally do not see any grave objections to 
setting him up with a staff.

The Chairman: How can you expect a 
minister to work without a staff?

Dr. Solandt: You cannot, and I do not see 
any grave objection to having the Science 
Council advise him; it seems to me that this 
would all fit together quiet well.

Senator Grosart: Would you see him having 
a responsibility to assist the R & D programs
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of all the departments and all Crown Corpo
rations and all entities spending government 
money?

Dr. Solandt: Yes, in an advisory sense. I 
think it would be very difficult for him to do 
it in an executive sense, because he would 
then become the Minister for Science and 
would control the science in every 
department.

Senator Hays: Dr. Solandt, are you familiar 
with how the American space program got off 
the ground?

Dr. Solandt: Not in detail; I have a general 
knowledge. As I understand it, it was very 
largely the initiative of people in Congress; I 
know the NASA administrative people give 
great credit to the Congressional Committees 
for inspiring this program, although I think 
others give most credit to the Russians.

The Chairman: To Sputnik.
Senator Cameron: Dr. Gaudry made a 

remark this morning that intrigues me, 
because I have been thinking about it in 
another capacity. He said, and I thoroughly 
agree with him, that the statistics we are 
getting are too old to enable the Council to 
make good recommendations. This I agree 
with, and this is no reflection on the Domin
ion Bureau of Statistics, but by the time we 
get them they are so far out of date that...

The Chairman: Why is it not a reflection?
Senator Cameron: Well, they do a good job 

up to a point. Perhaps it is our fault that they 
are not doing more, that this has not been 
brought up before, but I am sure that in the 
terms of the needs of today there has to be a 
major overhaul of that bureau so that the 
statistics are more effective.

What can we do about it? Have you any 
suggestions as to the kind of effective statis
tics you want and how we can get them?

Dr. Gaudry: When we do get very precise 
statistics, because they are very precise they 
are old and therefore not very useful in 
proposing changes in policy and especially 
expenditures. We need a system whereby we 
would have rapid access to trends; something 
that would be current even if not precise. 
How one goes about getting that, I am not 
sure.

The Chairman: How is it we get current 
figures on many sectors of the Canadian 
economy, but not in your case?

Dr. Gaudry: Well, I am not familiar with 
the way the Dominion Bureau of Statistics is 
actually operating, but I am sure that some 
mechanism can be found to provide not only 
us but the government with very up-to-date 
information, even if not very, very precise, at 
least reasonably indicative of the trends.

Senator Cameron: This leads into some
thing else again, Mr. Chairman. When the 
atomic energy people were here the other day 
I raised the question of the need for rapid 
information retrieval machinery, the kind of 
thing they have at the Strategic Air Com
mand at Omaha, Nebraska, or Colorado 
Springs, which is the most effective and up- 
to-date I have seen.

This ties in with getting statistics; the same 
principle would apply, which suggests to me 
that here is where the computer comes in. We 
have to get more computers, and the people 
to run them and handle this great volume of 
new information which is constantly coming 
out. This means training people in the science 
field who can abstract and condense the tre
mendous volume of information that is com
ing out from all over the world and put it in 
a form that the ordinary person can use.

So this question of statistics is only part of 
the larger problem and, as I see it, in the one 
area of information retrieval. Have you any 
suggestions on how we go about this, because 
I am sure we have got to do it.

Dr. Gaudry: Well, the Science Council has 
a study under way on information.

Senator Cameron: Yes, I know. It is 
referred to.

Dr. Gaudry: At the meetings of the Science 
Council we have not yet discussed that in 
detail as far as I can remember.

Dr. Solandt: No, it should be before the 
Council, not at the meeting next week but the 
one after that. I would answer your question 
more generally to say that it seems to me that 
the time is ripe for some very major action in 
this field in Canada. We have been relatively 
backward. It is interesting that private enter
prise is beginning to enter this field very 
actively. I do not know if you have noticed 
that there are computer utilities operating in 
Ottawa now, and bigger ones are starting. 
This might conceivably be done through pri
vate enterprise, but there are at least two 
needs that we have in the country: One is for 
an information system.

You are all familiar with the fact that 
Canada is really ill-equipped with libraries;
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we only have one university library that even 
approaches the standards that are set by the 
big libraries in the United States. I refer to 
the University of Toronto library, but it is 
not very good by American standards. I do 
not think Canada will ever get a series of 
first-class libraries all across the country. 
With technology in the state it is in now we 
should never aim at that. What we should 
aim at is having in the nation the best total 
collection in the world, which would be quite 
a reasonable aim, and have different universi
ties and other centres be specialists in certain 
fields. For instance, UBC might have the big
gest oceanography library in the world, and 
so on, in different places, and have them all 
interconnected by a data transmission system 
so that this information would be available 
everywhere. You cannot quite do this today, 
but very nearly and, by the time we get in 
planned technology will certainly be right 
abreast of our need.

We could also aim at putting in a national 
data bank. We have started in a very modest 
way and the main economic time-series are 
available in a computer in Ottawa. But the 
kind of thing you are talking about in the line 
of statistics could conceivably be available in 
time. All major things like university statis
tics, and so on, could be put into the com
puter so that you would know how many 
students there were in the universities the 
day after they registered.

The installation of these systems is costly 
and the period of overlap while you are still 
using the old system and the new one as well 
is very costly, but once it is installed and 
working you get very good data, much better 
than you ever had before, very much more 
quickly and more cheaply.

Some enthusiasts have even said that an 
area in which Canada might develop an 
export market—I see some other nations are 
talking about it—is setting up data banks for 
particular fields which would be interrogated 
by people all over the world at a fee.

I have mentioned before and will repeat 
again that we have in Canada absolutely first- 
class people in these fields, and if we gave 
them the challenge they could do these jobs. 
Challenge in this case means money.

Senator Cameron: Just because you put it 
in this context of money does not this suggest 
that we are never going to have enough 
money. To do the job effectively we have got 
to find some formula for mobilizing the total

forces, just as you suggested, develop areas of 
specialization, but tie them all together so 
that our total program is moving forward as a 
unit.

This also relates to the next step, that again 
because of the money limitations obviously 
Canada is not going to be able to do all the R 
& D that needs to be done and we should 
never contemplate that, but what facilities 
are available for the international interchange 
so that we can draw on the work that has 
been done in other countries so that we do 
not have to duplicate the work that is being 
done?

Dr. Solandi: As you know, the exchange of 
information through scholarly publication is 
very good, but very slow. There are also 
major moves to improve this and Canada is 
on the fringes of these. Many of the major 
abstract journals, for instance, are now pub
lished on magnetic tape and so are available 
in much more readily usable form than they 
used to be. The Library of Congress catalogue 
comes out on magnetic tape now and can be 
used for a fraction of its former cost.

Senator MacKenzie: Does classified informa
tion affect this exchange of international 
knowledge?

Dr. Solandt: Remarkably little; as a per
centage of the total, much less than it did a 
few years ago.

Senator MacKenzie: Is this true of industry 
as well, or are they concerned about protect
ing their patents, and so on?

Dr. Solandt: Oh, no; there is still a great 
deal of proprietary information in industry 
that is not widely circulated. Even here I 
think it is a lot less than it was. Many of the 
biggest industries now have a policy of either 
using the discoveries they make for their own 
purposes or else publishing them, on the 
grounds that patenting them is just too much 
trouble unless you are going to use them 
yourself, but you make so little money out of 
them that you might as well publish them. 
This is not, of course, the universal rule.

I would say that both industrial and mili
tary secrecy are a smaller percentage of 
inhibitor of free interchange than they were 
even ten years ago.

The Chairman: I think we have more or 
less reached the point where we should go 
into an examination of the report in greater 
detail, but before we go into this more
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detailed exercise I would like, in order to 
focus our discussion of the Council’s report, 
to be the devil’s advocate for a moment or 
two.

Senator MacKenzie: Before you do, could I 
ask a question, Mr. Chairman: How long do 
you intend to carry this on tonight, because 
one of our guests has to drive to Montreal?

The Chairman: Certainly not later than ten 
o’clock.

Senator MacKenzie: Thank you.
The Chairman: It will, of course, depend 

on the comments that my statement might 
cause from our two guests.

Senator MacKenzie: Could I ask a further 
question related to that: It is conceivable that 
we might like to have representatives of the 
Council come back again in a few weeks’ 
time. Would you explore this in due course?

The Chairman: I understand that Dr. 
Solandt will be available tomorrow.

Senator Bourget: All day tomorrow or 
tomorrow morning?

The Chairman: All day tomorrow and, of 
course, if this is not sufficient, I am sure they 
have been so nice to us that they will not 
hesitate to come back at a later date.

Senator Bourget: So we will be able to ask 
some more questions on the brief?

The Chairman: As I just said, I thought 
that I would make the statement on the 
report before we go into a more detailed 
examination of it.

Senator Bourget: Yes, but I am talking 
about the brief, Mr. Chairman. I thought we 
would first dispose of the brief.

The Chairman: Well, if there are any fur
ther questions on the brief, this is the time to 
put them.

Senator Bourget: All right, you carry on 
and I could ask on some other items which 
appear in the report.

The Chairman: Yes. Well, in my new role 
as the devil’s advocate I would like to make a 
short statement on what is in my view the 
nature of that report and possibly its limita
tions. At best I think, and in this I am sure I 
reflect the views of the Council, this is an 
interim report. I am sure that the Council 
would agree with that view, because the title 
of the report itself is “Towards a National 
Science Policy for Canada.” This very title

seems to suggest the idea that this is an 
interim report, that this is only one report in 
a series of further recommendations that the 
Council will make.

To illustrate the limitations of the present 
report I would like for a moment to list the 
elements of a national science policy which 
are explicity or implicity excluded from the 
report. In the first instance, and I must admit 
that we have had a lot of discussion about 
this report itself, the Council does not deal 
with the overall structural organization and 
administration of science policy. It proposes 
the creation of new research agencies, but it 
has little to say as to how at the policy level 
our scientific effort should be defined, co
ordinated and implemented.

More particularly, the Council does not 
attempt to answer the basic question whether 
or not there should be a central focus for the 
formulation of science policy and where that 
focus should be located. Again I want to 
emphasize that I am dealing with the report 
and not with our discussion this evening.

In the second place, the Council devotes 
just a few paragraphs to what should be our 
target for a maximum science budget which 
could be spent if there were enough worth
while programs that could be usefully under
taken in Canada. The Council’s approach to 
this basic problem is in my own view at least, 
and my views are never final, unduly 
negative.

Its conclusion on the matter appears at 
page 52 of the report and is as follows:

The funds which are allocated to scien
tific activities annually should be grant
ed, program by program, in face of com
petition from other potential uses of these 
funds, with each program justifying its 
expenditures on economic, social or cul
tural grounds.

Members of the Committee may want to 
ask questions about this later on, but this 
method of arriving at a science budget 
appears to me to be the negation of planning, 
and it precludes the application of any satis
factory workable system of priorities. If I 
interpret that paragraph correctly, it involves 
comparisons, let us say, between ING, the 
PEI causeway and a similar amount of money 
spent on external aid.

Who is going to decide whether or not a 
given program is justified as compared with 
all the others submitted to the government on
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economic, social or cultural grounds? Certain
ly not in my view the Science Council, for it 
does not have the information and the exper
tise to make such decisions or such 
recommendations.

In my view the Council’s approach to budg
et making will have to be greatly improved if 
we are to have a science policy at all. In this 
respect I would point out that Belgium, it 
seems to me according to what Dr. Spaey had 
to say, has made more progress in improving 
this approach than we have in Canada.

In the third place, the Council does not 
cover the social sciences except to say that 
they should receive more assistance. Again I 
understand that this was an explicit exclusion 
from your report because of the kind of grey 
area in which the social sciences are at the 
present time. I fully understand the Council’s 
position in this respect, because as it has been 
constituted those sciences appear at least to 
lie outside the terms of reference of the 
Science Council. But, given this serious limi
tation, how can we expect the Council to 
develop a balanced and realistic science poli
cy at a time when the basic problem is not 
technological change itself but the adaptation, 
as Senator MacKenzie was saying this morn
ing, of man and his institutions to that change 
which is becoming, as we all know, more 
rapid and radical?

How can we with that kind of vacuum 
establish priorities for science policy when 
we have no information, no real discussion of 
this whole field of the social sciences?

In the fourth place, the report does not 
deal with basic research and little science 
and, of course, this again is an explicit exclu
sion made by the Council very consciously. 
As I have just said, the Council is very con
scious of that gap, but the fact remains that 
this important element of our scientific effort 
is not covered.

Finally, the auxiliary services and pro
grams of a good science effort and policy 
receive in the report only brief references. 
We have evidence, for instance, before us 
that a serious surplus of research manpower 
is developing in Canada, and yet government 
agencies continue to devote large sums of 
money to the training of such manpower. Will 
we have to wait for the detailed studies by 
discipline that the Council is contemplating, 
but which have not yet been initiated, before 
the government can take any corrective 
action? What will happen in the meantime to 
those students and young scientists who will

have been misguided by the government’s 
incentive programs?

An effective and highly developed scientific 
and technological information system, as the 
Council says, is an auxiliary service which is 
essential to a realistic formulation and 
implementation of science policy, especially 
in a country like Canada. This point is made 
in the central paragraph of page 4 in the 
report. But the Council is awaiting the con
clusions of a study being made by the 
Secretariat before making specific recommen
dations on that most important aspect of our 
research strategy, but if we are to avoid 
duplication in this international scientific race 
and if we are to establish priorities for Cana
da, how can we establish those priorities if 
we do not have this kind of essential service 
to which Senator Cameron referred a moment 
ago?

These are some of the important explicit 
or implicit gaps of the Council’s presentation 
which in my view make it at best an interim 
report.

What is then the object of that report? Its 
purpose is to deal with applied research and 
development in the field of the physical and 
life sciences. In this respect the Council 
makes two basic recommendations:

First, the emphasis should be put on devel
opment work made by industry; second, 
most new research undertakings should be 
organized as large, multi-disciplinary, mis
sion-oriented projects having as a goal the 
solution of some important social or economic 
problem.

The first two such programs which are 
recommended are related to space and water 
resources management and development. I 
am sure that members of the Committee will 
want to ask detailed questions about these 
two basic recommendations.

What kind of financial incentives will 
induce industry to play a much greater role 
in our scientific effort? Will fiscal incentives 
be enough to achieve that goal? What about 
the managerial gap that has developed 
between the United States and the rest of the 
world which was described I think very well 
by Schreiber? Incidentally, I was delighted to 
see that you were quoting Schreiber at one 
stage in your report. What about the 
managerial gap which is developing and 
which may as a result make our own mana
gers in private industry less aware of the 
importance of research and development in 
our country?
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If the large, mission-oriented programs 
envisaged in the report are to become the 
centre of our new scientific effort, is the 
Science Council really qualified as presently 
composed to determine our main economic 
and social problems? For instance, did the 
Council select space and water resources on 
the basis of a rational system of priorities, or 
merely because these two subjects were the 
first to be studied by the Science Secretariat?

These and other questions will certainly be 
raised during the discussion period, but 
before we reach that stage I wanted, to make 
this opening statement and to be for a few 
minutes the devil’s advocate and put the 
Council’s report in what I think is its proper 
perspective.

That report deals only with one sector of 
science policy and as such, while it is most 
useful, it can hardly constitute in my view 
the basis for a new science policy for Canada.

Senator Bourget: Mr. Chairman, what do 
you really mean with just one aspect?

The Chairman: Applied research and devel
opment in the field of the physical and the 
life sciences.

Senator Bourget: Well, then, if you look at 
the orders of reference I do not see that much 
blame could be put on the report of the 
Council the way we look at it. I think you 
made good remarks and I agree with them...

The Chairman: No, this is not a blame on 
the Council.

Senator Bourget: No. Perhaps I did not use 
the right word, but you know exactly. 
Between French Canadians we understand 
each other.

The Chairman: But then, you see, in order 
to understand each other as French Canadi
ans you should follow the advice of René 
Levesque and speak “la langue de la 
confidence.”

Senator Bourget: No, but I just wanted to 
know exactly if the preliminary report of the 
Council should touch only the terms of refer
ence that they had from the Privy Council?

The Chairman: No, I do not think that they 
have covered the whole field of the terms of 
reference.

Senator Bourget: Oh, well.
The Chairman: But in the conclusions 

which I have mentioned there were things 
which are ouside their terms of reference but

which belong in my view to a national science 
policy.

Senator Bourget: I agree entirely with the 
last part of your remarks.

Dr. Solandl: Well, to sit on the other side 
of the argument.

Senator Grosart: We will give you equal 
time.

The Chairman: Yes, before going into 
detailed analysis of the report we want to 
have a good forum.

Dr. Solandt: In quoting the title of the report 
you have really, to use a slang expression, 
pulled the rug out from under your other 
comments. I agree with most of them, 
although a few I will be critical of, but cer
tainly the things you have pointed out as 
missing certainly are missing. There is no 
doubt about that.

As I said before, we visualize the Science 
Council coming in as a policy-forming, guid
ing mechanism, if you like, trying to guide an 
on-going stream for research and develop
ment. We are not saying, “Look everybody, 
stop work until we can come out with the 
policy.” What we have done here is to try to 
recommend the changes that we think need 
be made, and the changes are really changes 
in outlook and approach to problems and 
there will be more specific recommendations 
for specific programs following. The changes 
that need to be made or to redirect the stream 
of scientific activity in Canada so that it will 
be more meaningful to the social and eco
nomic progress of the country than it has 
been in the past.

That is, this is a report that does not pre
tend to cover the whole range of science poli
cy; it just says let us make these changes 
while we are busy studying the other prob
lems, because these are things that we have 
by now become convinced need to be done. 
We will come along with other things after
wards and science policy will be changing all 
the time. There will never be a definitive 
science policy, any more than there is a 
definitive national policy for all the problems 
of the nation.

So while it would be nice if we could have 
come out with a much more complete report, 
we felt it was important to come out with a 
report now which does recommend changes 
that we think are necessary and will be 
useful.

Of the shortcomings that you list I would 
agree with you that one of the very important
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ones is that we do not specify what you 
would have called the overall policy-forming 
mechanism that should be adopted. But I 
think the discussion we have had here makes 
it clear why we did not, because we are not 
really sure of what it should be and we have 
been told by a good many people that if we 
just wait, your Committee will tell us.

The Chairman: I thought there were no 
leaks in the Senate.

Dr. Solandt: I think you were fairly chari
table about our section on expenditure. This 
was the subject of more debate than any 
other thing in the Science Council. I shudder 
to think how many times it has been re-writ
ten. Jim Mullin has re-written it three or four 
times and he was not the first to write it. Our 
difficulty was that there was really very seri
ous disagreement. There are two schools of 
thought on this problem of how you specify a 
broad general budget for science: One is to 
say you pick a number between 1 and 10 as a 
percentage of the gross national product and 
say that is the target. You can pick that num
ber either by comparison with what other 
countries are doing or by comparison with 
what we ourselves have done in the past or 
by looking, as we have in one report that is 
coming out soon, at what it would cost to 
employ the people that we are likely to have 
available to us in the future. Or you can do 
it, as has been suggested here, by deciding 
what things you want to do and then finding 
out how much it is going to cost and saying 
“Well, that is the research budget.”

The way it has been portrayed here is cer
tainly not very satisfactory, and it is to be 
hoped that one would never consider reasses
sing every science program every year. That 
is badly worded, and it was not the intention. 
The intention was that the annual budget will 
be made up of the costs of a series of pro
grams which have been considered in relation 
to competing items of expenditure, but not 
every year. Once you decide that you are 
going ahead with a program, you weigh it 
carefully against alternative means of using 
the money, and if you decide to go ahead 
with it, then you go ahead with that program 
until it is finished. So that sentence is badly 
worded; I had not realized that it is quite 
ambiguous and could be taken the way you 
did.

We hope that we will be able to do a better 
job on dealing with expenditure targets and 
ceilings in the very near future. We have got
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a good deal of work going on it; one paper, 
which is a background paper for one of these 
approaches, is in press and will be out about 
mid-December I think, and we will send it to 
you.

You commented, again, on the fact that the 
social sciences are not really included in this. 
We just say that we have omitted them, and 
that this is a very serious omission. I think 
this is one problem that must be solved and 
one which again this Committee might very 
well take leadership in and, as I see it, there 
are several alternative courses of action.

One would be to just add a few social scien
tists to the Science Council so that we could 
say that our recommendations, while they did 
not cover the social sciences, were at least 
intelligent from the social science point of 
view. The next possibility would be to dis
solve the Science Council and form a new 
science policy council that contained a proper 
balance of natural and social scientists. 
Another possibility would be to form a paral
lel council for the social sciences and possibly 
put on top of the two of them an executive 
committee, or something of that kind, that 
had representatives of both of them and that 
might be chaired one year by the chairman of 
one and the other year by the chairman of 
the other. They would co-ordinate their work, 
and they could also have their staffs working 
side by side in the same building. These are 
alternatives that need to be considered, but I 
think it is quite important that something 
should be done.

You mentioned our lack of support of aux
iliary services. We certainly did not intend to 
short-change them, and again they are cov
ered by one brief boost, just in passing really.

As to the question of surplus students, we 
have been quite concerned to hear of the 
evidence that has been presented to you, 
because we certainly in the studies and dis
cussions we have had at the Science Council 
see no evidence of a surplus appearing in the 
foreseeable future.

The Chairman: Well, you have seen the 
presentation we received from the National 
Research Council.

Dr. Solandt: I have not seen the actual 
presentation that came here, but I have seen 
the figures.

Senator MacKenzie: It was Dr. Gray, was it 
not?
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The Chairman: No. Dr. Gray referred 
to this, but the National Research Council 
provided us with a graph, and so on, showing 
this developing surplus in the field of 
research scientists and engineers.

Dr. Solandl: I have seen the figures and the 
graphs and I do not think that they are cor
rectly interpreted. It seems to me that what is 
being said is that for the first time our 
domestic production of Ph.D’s is going to 
exceed the past domestic consumption, but 
Canadian universities, just to take one employ
er, have been desperately short of Ph.D’s for 
years. In many branches of science 25 per
cent, 50 percent of all people in our universi
ties are not Canadian-educated, so if you look 
merely at the Canadian Ph.D’s that have been 
absorbed into our society and say that we are 
going to produce more in the future than we 
have had in the past and that we will have a 
surplus, this is quite misleading.

The Chairman: They presented two charts 
to us which forecast both supply and demand.

Dr. Solandl: Yes.

The Chairman: And the comparison be
tween the two really showed a developing 
surplus.

Dr. Solandl: Yes, but again, you see, this 
demand is based on the way in which Ph.D’s 
have been used in the past; for instance, we 
have practically no Ph.D’s in industry com
pared to other highly developed nations, par
ticularly the United States.

I think that what will happen is that these 
Ph.D’s will go into industry; they will go into 
a wide variety of other occupations. They are 
not going to be unemployed.

The Chairman: I hope not.

Dr. Solandl: The percentage of the number 
of university graduates in our labour force 
today is less than half of what it is in the 
United States, and we think that country is 
much more productive than Canada. It has 
got a more educated labour force, and yet 
here we are getting panic-stricken because we 
are beginning to catch up on them.

The Chairman: Well, as I pointed out to 
both Dr. Shneider and Dr. Gray, in the Unit
ed States they are forecasting a developing 
deficiency in this field.

Dr. Solandl: Yes, and they are producing 
relatively far more than we are. Take scien
tists and engineers in research and develop

ment occupations; we have about 14 percent 
of the scientists and engineers in Canada in 
research and development; the correspond
ing figure in the United States is about 30 
percent. The percentage of scientists and 
engineers in our labour force is just a third of 
the percentage in America.

The Chairman: I do not want to pursue this 
discussion for too long but I understand, for 
instance, that the National Research Council 
has made a very systematic study of this 
problem and apparently this study, which 
was done under the direction of Dr. Bonneau, 
is going to be published later this year. Are 
you aware of that study?

Dr. Solandl: Yes, I knew it was going on 
and I think what we must do is get together 
with them and see what is wrong with the 
two points of view.

We do not see any danger of a general 
surplus. We do see that we are going to have a 
real problem in the future, as we produce 
more scientists and engineers, of getting them 
into the right special fields. This is a very 
difficult problem and involves poor statistics 
and slow development of information. It takes 
so long to find out that you are short of a 
particular special field that by the time you 
find out it is too late to get people in. You 
just get them started and the shortage has 
passed. We have got to find a better method 
of trying to influence the specific fields which 
people go into, but we are not apprehensive 
about a general surplus.

Senator Cameron: It was an interesting 
thing, Mr. Chairman, that when that statistic 
came out about 11,500 Ph. D.’s graduating in 
Canada in 1973, we had people from the 
National Research Council, the Atomic Ener
gy Commission, and Canadian Patents and 
Development Limited, and practically none in 
that whole group in front of us had a Ph.D. I 
realize that those persons are products of 20 
to 25 years ago, but most of them just had a 
Master’s degree. It raises the question as to 
the proportion people who should be graduat
ing as Ph.Ds’ and Masters and where they fit 
into the pattern of demand.

It is a rather amusing commentary that we 
are going to have 11,000 graduates who are 
Ph.D’s, but none of the peope who are putting 
the figures out on that, who have top posi
tions in the National Research Council and 
other positions, have a Ph.D except Dr. 
Shneider.
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The Chairman: Senator Cameron, I would 
suggest that we might come back to this. We 
will have all day tomorrow on all these areas, 
and I am sure that in the meantime Dr. 
Solandt may very well go back to the presen
tation that was given to us by the National 
Research Council so that we might go into 
greater detail in this area tomorrow. We still 
have about seven minutes left this evening, 
and I understand that Dr. Gaudry would like 
this time for rebuttal.

Dr. Gaudry: Well, just on two questions 
raised by yourself, Mr. Chairman, on the 
question of the surplus of scientific manpow
er. I feel very much like Dr. Solandt, that we 
have been terribly short of highly trained 
people in industry.

I was in contact for many years in the 
pharmaceutical industry with large companies 
in Europe. Their experience both in England 
and on the Continent was that over the years 
only a very small proportion of the Ph.D.’s 
hired for the research laboratories stayed in 
research. They went into production, sales, 
development, and all kinds of activities. This 
put a tremendous amount of drive into these 
organizations, and I would hope that this 
would be the case here.

We may have a surplus of manpower if we 
only use Ph.D’s the way we have been using 
them in cases of very acute shortage in Cana
da, but I am very hopeful that some day we 
will have a few extra Ph.D.’s to put outside of 
research, at least, outside the bench and the 
laboratory.

Senator Grosart: You mean if we have a 
surplus they will have to go to work.

Dr. Gaudry: That is right, exactly; as a 
matter of fact, I am really looking forward to 
that time.

The Chairman: Do you think they would 
make efficient salesmen?

Dr. Gaudry: You would be surprised.

Senator Grosart: There is a very interesting 
American study showing the entrepreneur 
aspect of the Ph.D.; it is a tremendous story. I 
have forgotten what study it is.

Dr. Gaudry: I have seen some too. I would 
like to review in detail the arguments pre
sented to you by the National Research Coun
cil, but I just so far tend to disagree com
pletely with that view.

I would like to say one thing about basic 
research and little science: There is a study 
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under way on the support of research in the 
universities, and this we think would lead to 
the same recommendations to the government 
next spring, but here for the first time we 
have tried to work very closely with the 
social scientists. It has not been easy, but we 
think we have managed.

Senator Thompson: So that on basic 
research you are working with them?

Dr. Gaudry: We are certainly going to come 
up with very comprehensive views as to what 
amount of basic research and little science is 
going on and how well or badly funded it is, 
what are the gaps and what should be done to 
cope with the existing problems that we will 
point out. I would like here to say one thing: 
There has been over the years a large num
ber of departments in the federal government 
that have been supporting research. They 
have been supporting basic research and little 
science mainly in the universities without any 
co-ordination whatsoever between all these 
various departments in the methods of grant
ing, in the levels of granting, in the areas 
which should be supported, and how much, 
and so on, and some of these ad hoc decisions 
made at the departmental levels have created 
great problems in the universities.

I will give you one example. One depart
ment pays the head researcher, a Ph.D. who 
does the work, over and above his university 
salary, while others do not do that at all. So 
here is a man with many thousands of dollars 
over and above his salary and we have no 
control whatsoever over that. Whether it is 
good or bad is not the point. I am just saying 
that co-ordination is essential in basic 
research and little science, not only in the big 
science which involves government, industry, 
and so on. I am just saying that a lot of work 
is being done at the present time in this area, 
and I think you will hear from the Science 
Council fairly soon in this connection.

The Chairman: Honourable senators, I 
think that we should adjourn at this point. On 
behalf of the members of the committee I 
would like to express our gratitude to Dr. 
Solandt and Dr. Gaudry. The committee will 
sit again tomorrow morning at ten o’clock and 
if we do not get through with our detailed 
examination of the report we will have to 
adjourn its consideration to a future date 
suitable to the Science Council.

Again, Dr. Gaudry, merci beaucoup; Dr. 
Solandt, thank you very much.

The committee adjourned.
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MORNING SITTING
(Third and Final Session)

Ottawa, Thursday, November 7, 1968

The Special Committee on Science Policy 
met this day at 10 a.m.

Senator Maurice Lamontagne (Chairman) in 
the Chair.

The Chairman: Honourable senators, this 
morning we might resume from where we 
were last evening. You remember we were 
discussing the confusion about forecast of 
manpower supply and the demand for scien
tific manpower supply in Canada. I under
stand that Dr. Solandt has done some work 
during the night and he is now in a position 
to make a statement on this.

Dr. Omond M. Solandt, Chairman, Science 
Council of Canada: Thank you very much. I 
would not over-estimate the importance of 
the homework we have done. It is really a 
very quick look at the facts, as we have them 
available, and I will emphasize later the need 
for further analysis. The picture in Canada 
today as I see it from the point of view of 
the production of highly-skilled graduates in 
science and engineering, particularly Ph.D.’s, 
is that we in Canada decided some time ago 
that one of the problems we had in Canada 
and one of the reasons, for instance, why our 
productivity was so much lower than in the 
United States was because there was a lower 
average level of education in our labour force 
and a lower percentage of university gradu
ates in the labour force, particularly in man
agement and entrepreneur jobs. As a result, 
we have in Canada in recent years been 
investing a huge amount of money in 
education.

One has only to look at recent statements 
by the Minister of Finance to find that these 
expenditures have even been higher than 
were expected. Inevitably since we have had 
this very rapid expansion in the number of 
students at the universities, we have also had 
a very rapid expansion in the number of 
teachers in the universities, so the universi
ties have in the past few years been tending 
to absorb a very large part of the Ph.D.’s that 
they are producing and I might say, as an 
aside here, that because of this they are tend
ing to train the Ph.D.’s for an academic life 
because this is where most of them will be 
employed anyway. I think this is one of our 
real problems.

As I see it, what was presented to you by 
the two previous speakers, by both Dr. 
Schneider from the National Research Council 
and Lome Gray from Atomic Energy of 
Canada Limited, was merely the picture that 
for the first time, some time in the next cou
ple of years we will begin to produce enough 
Ph.D.’s in our expanding university system 
that a substantial number of these Ph.D.’s 
will get out of the universities and be availa
ble for employment outside.

Senator Grosart said some of them will 
have to get to work. I think this is a slightly 
cynical point of view. I have known a lot of 
university people and they really work very 
hard.

The Chairman: He would not be elected a 
regent very soon.

Dr. Solandi: I think we should not regard 
this beginning surplus of Ph.D.’s with appre
hension; we should regard it with satisfaction. 
This is what we have invested our money for. 
What we have been trying to do is to get 
these highly educated people out of the univer
sities and available for introduction into our 
economic system, particularly into industry, 
and it seems to me that the graph you were 
shown of Ph.D. output in new employment is 
extremely pessimistic, because it shows in the 
years after the present, practically no 
increase in employment of Ph.D.’s either in 
universities or in industry, just a trivial 
increase in employment.

We certainly have made a terrible mistake 
if these people are not going to be employed, 
but I do not for a moment believe that they 
will not be fully and well employed. Mind 
you, the fresh Ph.D. is not going to have it all 
his own way as in the past. He may have to 
go looking for a job and sell himself to some
body in industry, but this will be very good 
both for himself and for industry. I am very 
confident that these skilled people will make 
a tremendous mark in industry.

Let us not conclude that these people, in 
going into industry, have to go into research 
and development. Possibly some of the Ph.D’s 
being developed now do have the attitude 
that because they have been trained as re
search workers and engineers they will have 
to work as research workers or engineers. I 
know this is not true in the case of Ph.D.’s in 
industrial engineering, and there are other 
fields in which the Ph.D.’s are prepared to go 
into industry and work at other jobs.
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You have only to look at the statistics for 
educational levels in industry to see the need. 
For instance, in Canadian industry today 
about 25 per cent of the managers have less 
than a Grade 8 education. Some, in fact prob
ably all, of those people are exceptionally 
able people, because it takes real drive and 
capability to be a manager with less than a 
Grade 8 education. But we can certainly run 
industry better if we have better educated 
people. I am not advocating that all managers 
have to be Ph.D.’s but that the general level 
must go up. This will do a great deal to reduce 
the management gap.

Another point that was not emphasized in 
the N.R.C. report is that over half of the 
Ph.D.’s now coming out of our universities in 
science and engineering are non-Canadians. 
The figures here for 1967-68 show that only
49 per cent of those enrolled for a doctorate 
in science and engineering are Canadians, 
including landed immigrants. Of course, 
among that 49 per cent are quite a few who 
are not of Canadian origin but who have stat
ed that they are going to become Canadian by 
entering in the status of a landed immigrant. 
The other 51 per cent are from other coun
tries, and the greater part of them will go 
back home. Ten per cent, for instance, are 
from the United States, 6 per cent from the 
United Kingdom and 12 per cent from India.
50 that I am not even sure that the surplus of 
Ph.D.’s that we are looking at will really 
exist, but, if it will exist, then it is just in 
fact the beginning of a great opportunity we 
have been working hard towards, and paying 
out a lot of money, to achieve.

So what we have to do now is get busy and 
see that these people are effectively integrat
ed into our labour force outside the universi
ties. This can be done and will be one of the 
biggest elements in improving our whole 
situation over the next 10 years.

Senator Bourget: Mr. Chairman, regarding 
what Dr. Solandt had to say about education 
and engineering, I believe he referred to the 
output and formation of the special engineer- 
manager. I had the opportunity during the 
weekend to read a conference report by the 
Professor of Management at the Massa
chusetts Institute of Technology, Jay W. For
rester. With your permission, Mr Chairman, 
I would like to read a few lines from that 
report.

Present engineering education may be 
satisfactory for providing a broad base of 
technical knowledge for our industrial

society. But our educational system is not 
designed to produce the special engineer- 
manager with the high competence need
ed to integrate technology into our com
plex modern society.

I understand that he applied this to education 
systems in the United States, but, in your 
mind, does that apply equally to our educa
tional system and do you think that there 
should be some changes in our educational 
system regarding the formation of what is 
becoming more needed, so far as I can see, 
namely, a special engineer-manager?

Dr. Solandt: Yes. If last night we had 
adjourned the committee to the Bar you 
would have heard a very learned discussion 
of this subject. The chief engineer of De 
Havilland, Dick Hiscocks, who is also a mem
ber of the National Research Council and 
very much immersed in this study, joined in 
an informal discussion at which we conclud
ed, and I agree with the conclusion, that 
there are two directions in which our engi
neering education in Canada must have a 
different emphasis. One is to train the engi
neer-manager, and there is a good deal of 
emphasis being put on that now. Schools see 
the need for it. The other is training of engi
neers for the less exotic kinds of engineering 
that are so important to industry. For 
instance, Mr. Hiscocks was pointing out that 
when De Havilland wanted to get the 
hydrofoil, of which you have all heard, 
designed, there was only one person they 
could find in the world who could design the 
gear box. He was at General Electric in the 
United States. Early in the design of the gear 
box he had a heart attack and they had to 
just postpone the design of that grear box 
until he recovered and got back to work. 
Even a huge organization like General Elec
tric in the United States did not have a 
second man who could design that gear box. 
This is a very highly sophisticated mechanical 
engineering device. If they wanted somebody 
to do solid state physics or theoretical physics 
or advanced mathematics they would have 
hundreds of them, but if they wanted some
body to design a gear box, a bit of highly 
sophisticated advanced mechanical science, 
they would have only one.

We need more facilities to train engineers 
for management and more facilities to train 
engineers for the kinds of engineering that 
are going to be done in Canada in the next 
few years.
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Again, we had a long discussion of produc
tion engineering. This is another phase where 
there is very little emphasis in Canadian uni
versities and where, for instance, it is impos
sible to get support for research. You cannot 
get support for research in either production 
engineering or design engineering unless you 
switch it round to make it look as if you are 
going to be doing something close to physics.

Senator Bourget: Thank you.

The Chairman: But if we have needs and 
scarcities developing in Canada, and you 
made this inference also, by consequence we 
might have in certain areas surpluses while 
over-all demand and supply would be more 
or less in balance.

This has some implication so far as the 
financial aid that our federal research agen
cies might give to one field or another. It 
seems to me that we have had manpower 
training schemes and we give scholarships for 
general purposes more or less indefinitely, 
irrespective of the requirements of the 
market.

Do you not think we should have a more 
flexible approach in our system of assistance?

Dr. Solandt: I am, personally, reasonably 
certain that over the next five years, say, we 
must try to evolve some system of guiding 
people into fields where opportunities will be 
available. This I know is regarded with dis
favour by many people in universities, but 
the kind of thing I am talking about is merely 
that, if a person wants to go into science and 
engineering, then you can give him good 
advice as to what particular field will be most 
likely to need him when he graduates, and I 
think that the scholarships and fellowships 
and other supports should be weighted 
towards these fields and that it should be 
easier to get support for a field likely to be 
short than for other fields. This does not 
mean that nobody will be supported in the 
other fields, but he will have to be a better 
student and closer to the top of the class to 
receive support for a field that is oversup
plied while if he is going into a field where 
there is a shortage he will get support 
although he may not be quite as good.

Senator MacKenzie: Mr. Chairman, as Dr. 
Solandt knows in medicine and dentistry, 
because of the limitations on space, universi
ties have had to put limits on enrolments in 
these faculties. This is not particularly desira

ble from the point of view of the nation. 
Nevertheless it is done. The question I want 
to ask is would there be anything more offen
sive about the faculties of science, applied 
science and engineering doing the same thing 
in respect of, say, chemical engineering, if it 
was needed, or mechanical engineering, or 
what you will, or would it be more difficult at 
Ph.D. level? I grant you that the university 
could say “We only have sufficient accommo
dation for so many graduate students in this 
field” and in that way direct them into other 
fields where they are necessary but not over
supplied. Now this would be arbitrary, but 
since the situation is arising where the Gov
ernment is going to be providing practically 
all the money for this kind of work, I think 
universities will have to take that kind of 
direction from government.

Dr. Solandt: I am reasonably sure that 
many provincial governments will start doing 
this. It is already being done to some extent 
in some fields. I was going to emphasize that 
one of the great difficulties is to get adequate 
information on what are the fields in which 
shortages are going to occur four or five years 
from now, and I think the control mechanism 
will be easier to operate than the information 
mechanism that tells us with reasonable cer
tainty what is going to happen and what we 
have to work on. I might say of your sugges
tion that it is a pity that we have control or 
absolute ceilings on the numbers in medicine 
and dentistry that if Dr. Gaudry were here 
today he could tell you some horror stories of 
medical education in France where they have 
no ceiling. He told me of a university there, 
which shall be nameless, where they have 
8,000 medical students enrolled with clinical 
facilities for only 2,000, and most of the 
graduates work in drug stores because they 
are not adequately trained to be doctors. I 
think in professional fields, especially in 
medicine where to be a good doctor you have 
to have practical training on the spot—and 
this is the thing that limits capacity—I think 
you have to limit intake. When you start to 
look at engineering the situation is somewhat 
the same. I think this is a thing we are going 
to have to face up to. It is a difficult problem. 
Various countries have tried it with none 
being really successful as far as I know. I 
don’t know much about the experiments 
except what we hear about Russia.

Senator MacKenzie: You don’t know how it 
has worked in Russia? I do know they have
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been applying this kind of principle for many 
years.

Dr. Solandt: It really cannot go wrong 
because they decide where the people are 
going to work so everybody gets a job. 
However, I am sure there are troubles. Brit
ain has been trying to make it work in a 
modest way by making the universities have 
a specified percentage of their places availa
ble for science and engineering as compared 
to the liberal arts and the humanities. This 
has in a sense worked, but it is much easier 
to get a vacancy in science or engineering in 
England now than it is to get a vacancy in 
other subjects. This shows that pressure is 
needed, and if they didn’t have that pressure 
they might be getting far fewer scientists and 
engineers than they are now.

Senator Cameron: Mr. Chairman, I had 
made a note on this brief that there is not 
sufficient emphasis on training of managers 
and the machinery we need to do this. I was 
out at our own management school just last 
week, and I have been watching the curve 
there and the proportion of those in attend
ance who have engineering degrees is going 
up like this. This year it is 50 per cent. This 
has come up from about 25 per cent in the 
last five years. But I don’t think you could do 
this in an undergraduate program. There 
needs to be some emphasis placed on engi
neering management at undergraduate level, 
but I think provision has to be made when 
these people get out and have a few years 
experience before having them brought back 
for training and specialization in the manage
ment development program. Don’t you think 
this is the way this must be done?

Dr. Solandt: Yes. I am one who is very 
sceptical about undergraduate courses in bus
iness or in management. I think you want to 
try to give the person a good education in 
some relevant field such as engineering, 
which is a very good one but by no means the 
only one, and then give them the training in 
management afterwards.

Senator MacKenzie: Isn’t the Harvard 
School of Business Administration doing 
something of this kind, Senator Cameron?

Senator Cameron: Yes.
Senator MacKenzie: I believe they offer 

places to a certain number of young men.
The Chairman: But they have a ceiling.
Senator MacKenzie: The best is the Sloane 

fellowship program where they select about

30 young men each year and it is one of the 
brightest group of young men you could come 
across. They select them for a year at MIT.

The Chairman: I suppose we could con
clude this part of our discussion by saying we 
certainly need more research in the field of 
forecasting manpower requirements in Cana
da than we have now. I think we should 
suggest that as a result of this bit of knowl
edge the assistance which is given by the 
Government for the purpose of manpower 
training should become more flexible and 
more adjusted to this knowledge of market 
conditions as we go along.

Dr. Solandt: I would like to reiterate that I 
would urge the committee quite strongly that 
the message to get out of this sudden output 
of Ph.D.s from the universities is that at least 
we have faced the first step in upgrading the 
quality of our labour force, and now we are 
entering the second stage which is going to be 
difficult but which can and will be done to get 
these people integrated into industry. Unless 
we succeed in doing that effectively we are 
going to have to come back to the universities 
and say “The people you are training are not 
quite the people we want” but let us not cut 
off the flow at Ph.D. level just after we have 
got it going at enormous expenditure. This is 
what we are working for. Now is our 
opportunity.

The Chairman: I think we might be a little 
more systematic from now on and start with 
the report. I think the best way to do it is to 
put our questions more or less chapter by 
chapter, if it is agreeable to the members of 
the committee.

Hon. Senators: Agreed.
The Chairman: I suppose there is no prob

lem about the summary.
Senator Grosart: Except that it is the whole 

report.
The Chairman: Do not be that nasty.
Senator Grosart: I did not mean it in that 

way.

Dr. Solandt: That is a compliment to the 
authors.

Senator Grosart: No, I did not mean it in 
that sense at all. The summary is really what 
is before us.

Senator MacKenzie: Could I ask one gener
al question here, Mr. Chairman?

The Chairman: Yes.
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Senator MacKenzie: This arises out of the 
whole report. How much co-operation is there 
between your council and the Economic 
Council?

Dr. Solandt: It is really quite close. We 
have Arthur Smith as a member of the 
Science Council. He has invited Dr. Gaudry 
and myself on one occasion to go and speak 
to the Economic Council—that is, have a ses
sion with them on mutual problems. I am 
sure this will be done again.

We have just recently achieved what I 
think is the most effective kind of collabora
tion. We raided each others staffs. Dr. David 
Henderson, a chemist, who is right here, left 
the Science Council staff to join the Economic 
Council staff, and we got Andrew Wilson 
from the Economic Council on to the Science 
Council.

Senator MacKenzie: Was it a good trade?

Dr. Solandt: It is too early to say. We lost a 
good player, but we also gained a good one. 
Curiously, each of them knows a tremendous 
amount about the problems of the Council to 
which they went, and they are still attending 
the staff meetings of the other Council, so 
here we have the beginning of a very effec
tive inter-connection.

Senator MacKenzie: The reason why I ask 
this question, Mr. Chairman, is because one 
of the major concerns of the Science Council 
and the science community in Canada is the 
end result of their work in terms of the eco
nomic and social welfare of the country. The 
Economic Council is concerned, in the main, 
with economic development of the country 
and the problems related to it, and it would 
seem to me that one would more or less fit 
naturally into the other, and that the reverse 
is true.

Dr. Solandt: I think the interrelationships 
here are excellent. There is a continual inter
change between the staffs, and continual dis
cussion back and forth. Arthur Smith is on 
several of our committees and in addition, of 
course, we have excellent economic in-puts 
from other members. We have got Bob Bryce 
on the Council, and Simon Reisman from the 
Treasury Board. So, we have no lack of eco
nomic in-puts into the Science Council. Our 
problem is concerned with other social 
sciences.

The Chairman: But they are second-class 
citizens on your Council. They are only 
associate members. I wonder if this is not a

source of frustration for them. I know that 
some of these people are not very easily frus
trated, but that might inhibit their participa
tion in your deliberations.

Dr. Solandt: If I might speak to that point I 
should like to say that other Government 
members who are full members want to be 
associate members. You see, this is a very 
real problem. Someone asked a question yes
terday, which I did not get a chance to 
answer as to whether there were Govern
ment members on comparable bodies in other 
countries. The answer to that is: Generally, 
no. There are none in the United States on the 
President’s Science Advisory Committee, for 
instance. In England the tradition is to have 
Government members on such a council as 
what are called assessors. I have never 
understood what that term means, but they 
are comparable to our associate members. 
They are persons who get all the papers, 
attend all the meetings, enter freely into all 
the discussion, but they do not have to sign a 
report that goes out.

The Chairman: That is the best position to 
be in.

Dr. Solandt: Well, several of the Govern
ment members on the Science Council have 
asked to be made associate members on the 
ground that the Science Council has already 
said things of which their ministers do not 
approve, and is quite likely to say things in 
the future that will be even further from the 
policies of some departments. It is difficult for 
a senior official of a department to appear to 
have signed a report which goes contrary to 
the wishes of his minister and his 
department.

So, the associate members, instead of being 
second-class members, are really a sort of 
super member, and the other Government 
members would like to join them.

Senator Cameron: Mr. Chairman, the first 
full paragraph on page 9 contains a statement 
which I think is at the heart of this whole 
study. It concerns the need for new machi
nery to implement some of the programs. It 
reads as follows:

The rate of modern technological 
change is itself the source of an impor
tant social cost. Society and its institu
tions do not appear able to evolve rapidly 
enough to keep pace with technology— 
they respond to technological change too 
slowly to avoid the strains imposed on 
our civilization by new inventions.
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And here I come to the important part:
Too often organizational changes are 
made to redress the mistakes of the past 
instead of being designed to cope with 
the progress of the future. When a nation 
embarks on a course designed to promote 
scientific activity, it cannot expect to use 
yesterday’s institutions to direct tomor
row’s programs.

That is really what we are trying to find out 
here—the machinery that is needed to fill the 
gap.

You have just said in connection with the 
civil servants on your Council that they do 
not want to be in a position where they have 
to sign a document, and I think the discus
sions we have had so far emphasize that the 
gap is in getting the political action that is 
necessary. I am wondering if you had any
thing specific in mind that is not mentioned 
in your general recommendations. Your 
recommendations set out the kind of pro
grams we could follow, but my question is: 
How do we translate these two lines, “When 
a nation embarks on a course designed to 
promote scientific activity, it cannot expect 
to use yesterday’s institutions to direct tomor
row’s programs.”? What is the new institu
tion or the new machinery we need?

Dr. Solandl: This was not directed just at 
the Government.

Senator Cameron: I know that.

Dr. Solandl: It is a general human problem. 
The universities have it acutely. I would say 
that the most serious stumbling block towards 
the evolution of universities “flexibility” 
towards the future, particularly in science 
and engineering, is in the departmental 
rigidities. I cite as an example the situation of 
a man wanting to get his Ph.D. in, say, 
studies of water pollution, and who finds he 
cannot. His Ph.D. has to be in physics or 
engineering, or one of the established dis
ciplines. These disciplines fight vigorously 
for their prerogatives and for their right to 
control everything that goes on in the uni
versity. However, this is changing, and chang
ing quite rapidly.

Another area in which we have desperate 
problems is that of urban renewal. We talk 
about urban renewal and the solving of the 
problems of the cities, but if someone came 
up today with an ideal plan that through 
some miracle contained everything you need
ed to do in the Ottawa area to make it an

ideal place in which to live, it would prob
ably take him ten years to get it through the 
mass of Government organization at different 
levels that is concerned with these urban 
problems. The resistance would not be to the 
idea, but to the change in the organizational 
structure in the institutions.

So, this is a very fundamental problem that 
pervades our whole society, right from the 
lowest levels of organization up through 
every part of it. I think that the federal Gov
ernment has to try to solve this problem in its 
own affairs, just as every other level of 
human activity has to work on the problem at 
their level.

We see it particularly as a problem here in 
these major programs, that many of these are 
going to cut across the existing departmental 
lines which are highly institutionalized, simi
lar to the departments in a university.

To my mind, the Space program is a good 
example, and you were asking why we had 
chosen Space for one of the earlier programs. 
As Jim Mullin reminded me last night, one 
of the major factors in choosing it was that 
although it may not be the most important 
problem in the world, it is one of the most 
urgent, because the Space activities of Canada 
are now in a stage of evolution when we 
can save them from fragmetnation if we act 
quickly and if we get a national Space pro
gram. Everyone agrees that we do not have— 
well I should not be quite so dogmatic—near
ly everyone agrees that we do not have a well 
integrated national Space program, but each 
department concerned with Space says, 
“Well, we are doing our part, and it is just 
fine, so we do not really see a problem.” But 
the bits do not add up to the kind of whole 
we ought to have.

We could get far more value for the money 
we are spending, and we could do more to 
solve some of our communications problems, 
some of our resource problems, and so on, 
and to build these skills at universities and in 
industry for the same money if we had an 
integrated program. Unfortunately, this will 
lead to demands for more money, but if they 
are sensible and this is the wise way of 
spending money, this is good. With the 
growth of this kind of thing you are going to 
use these highly skilled people.

The problem we discussed yesterday, of the 
sort of top organization, is another example 
of the problem. Then we are not so much up 
against institutional regidities, but the fact we 
have not yet seen an ideal or a particularly
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attractive way of taking science into the top 
mechanism of Government.

I think probably the idea of a Minister 
without Portfolio, tried as an experiment for 
a year or two, might be the best immediate 
step. But this paragraph does not suggest we 
have any magic formula for solving the prob
lems of human nature, but rather is pointing 
out the need for continually working at them.

Senator Grosart: Dr. Solandt, could we 
reasonably expect that this might be the sub
ject of a special study commissioned by the 
Science Council? Many of us here seem to 
think this is the most important single ques
tion that has to be determined. Mr. Drury 
makes it a priority. He says: Which system— 
the American or European? You said yester
day, and obviously it would be so, a Canadian 
system, a system designed to meet our constitu
tional, parliamentary and other circumstances.

Is there any possibility the Council might 
devote some serious study to this particular 
problem and, in due course, come up with a 
positive recommendation?

The Chairman: I would accept that, provid
ed I would become an associate member!

Senator Grosart: I am sure we would all 
like to see you in that capacity, Mr. Chair
man—except if you were, you might have 
been less effective last night.

Senator Cameron: On this matter, assuming 
we came up with a recommendation that we 
should appoint an associate minister responsi
ble for science, he could only be effective to 
the extent that he has a back-up organization 
behind him. I think we have to spell out here 
the kind of back-up organization he has to 
have. So far, I have not seen any crystaliza- 
tion of the ideas that might lead to the estab
lishment of this kind of back-up organiza
tion, and I think we have to come up with 
them.

Dr. Solandt: Yes. In answer to your ques
tion, Senator Grosart, we have had this prob
lem under discussion ever since the Science 
Council was formed, and it has been more 
active recently; but it is quite clear now, as a 
result of the discussions this morning and last 
night, that we must come up with a proposal, 
even if it is not obviously the finest proposal 
in the world, but the one we think is best for 
the present time, and then let other people 
discuss it and decide whether they have any 
better ideas. I think this discussion has made 
it quite clear—as we should have realized

more clearly than we have—that that is a 
central point.

Senator Cameron: It might be directed not 
just to Government, but to the universities, 
because we all know how the entrenched 
establishment in the universities works, just 
as rigidly as it does in the Civil Service.

Senator MacKenzie: How are you going to 
change that?

The Chairman: By getting new Presidents!

Senator MacKenzie: Those who are now 
have nothing much to do with it.

Senator Grosart: I would like to raise a 
question arising out of Paragraph 4 of the 
Summary, which says:

Throughout the report it is stressed 
that expenditures on science and tech
nology must compete with many alterna
tives in the allocation of national 
resources.

This particular question is returned to, I 
think, at page 52, where we have a statement 
that I would hope you would say is perhaps 
an exaggeration of the viewpoint of the Coun
cil. The statement at page 52 reads:

Canada should not fall into the trap of 
allocating this or that percentage of GNP 
to R and D and then dividing up this 
“budget for R and D” between the con
tenders for funds.

I am a bit concerned about the dismissal of 
the proposal that we should decide. Somebody 
should decide what overall proportion of R 
and D Canada should or must spend to main
tain the kind of economic and social future 
for Canadians that we want.

The reason I raise this is this. Again, to 
quote Mr. Drury in this speech to the Tripar
tite Chemical Enginering Conference in 
Montreal on September 23—so it is a recent 
statement:

I suppose the most fundamental 
question

—and he is talking about Science Policy— 
to be answered is what level of research 
effort the nation should support or con
versely, to what extent we should rely on 
the import of technology to meet our 
domestic requirements.

In your First Report it seems to me you 
were taking quite an opposite view, because 
in your First Report, of June, 1967, at page 3,
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I read this—and you are speaking of the com
parative R&D expenditures in various OECD 
nations:

Naturally, this group as a whole has a 
scale of expenditures and of productivity 
much diffierent from that in many coun
tries that are not yet so highly industrial
ized. Even within the group there are 
wide differences in total resources, in 
population density, in defence and tech
nological commitments, and in industrial, 
commercial and political structure.

And then—
If these qualifications are kept in mind, it 
is possible to make meaningful 
comparisons.

Yet here is what seemed to me a slightly 
glib, glossing-over of the problem, as I read 
this statement, which now does not make 
sense. It appears at page 51.

The Science Council first sought an 
indication of an appropriate level of 
investment in R & D for Canada by 
searching for some quantitative economic 
theory which would relate the level of 
investment in R & D to some correspond
ing rate of economic growth.

You say that you have not found this. In the 
next paragraph you say:

... the past record of any other country, 
given that country’s goals, aspirations, 
problems and conditions—

almost exactly the same qualification as in 
June, 1957—

should be of particular value as an 
indicator of what Canada should do in 
the future.

I should have read back. You are saying the 
opposite here.

In view of what I call a glib phrase, 
because I think that is what it is, that Canada 
should not fall into the trap, I am afraid this 
will be noted as a definitive position taken by 
the Science Council. I gathered from your 
remarks yesterday about the difficulty of 
writing section 9—and I can well understand 
it—that maybe you are not quite as sure 
that we can dismiss this component of the 
broad decision about our R&D position quite 
as cavalierly as it is done here. Is that 
correct?

Dr. Solandi: I think my difficulty here is 
one of trying to communicate the point of

view. We obviously have not got it across 
adequately. You have not shaken me in my 
point of view or in the idea that this is a very 
good statement.

Let me try to make clear what I mean. I 
think we pobabrly have to begin by trying to 
distinguish between science policy, which is a 
policy for the use of science in all national 
activities, and a policy for science, which is a 
policy for how much money we will give to 
the support and growth of science in the 
nation. If you are talking about a policy for 
science, then I think you can decide how 
much you will spend on it and say, “Here is 
the pie. Cut it up as well as you can between 
the different claims of science.” I think we 
will always have a small pie within the total 
which will tend to get cut up in this way. 
This will be particuarly the case of small 
support of science within the universities. 
There is nothing logical about this. You could 
say, “We will spend $1 million, $10 million, 
$100 million, a billion on it.” You make a 
judgment on how much is right.

Let us look at an example such as agricul
ture, which I think is a good one. We had 
better leave out constitutional issues in this 
discussion, and agriculture is a good example 
because it is a joint responsibility. The feder
al Department of Agriculture works out a 
program of support of agriculture which has 
all sorts of different elements in it. One of the 
elements will be research and development, 
and I think the decision on how much money 
is spent on research and development in 
agriculture should be a decision that is part 
of the broad general decision on what the 
nation is going to do about agriculture.

The Chairman: And research.

Senator Grosari: And the broad decision.

Dr. Solandt: They go to the point of saying, 
“Look, we have just got to do something 
about increasing the yield of substitutes for 
corn,” or finding corn species which will 
grow further north in order to get more cattle 
feed and less human feed. Then they go to 
the pie department and are told, “Sorry, R 
and D is all sold this year. You can’t do that.”

Senator Grosari: With respect, this is 
exactly what you did in your ING recommen
dations. You said, “We have got to do it.” I 
have never seen anything quite as explicit in 
a complete recommendation of anything as 
you gave to ING, with one exception, you 
made one qualification—“If we are going to 
progress from spending 1.3 per cent of GNP
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on R and D to 2 per cent.” Here you are 
doing this very thing. You are saying this 
recommendation is contingent on an overall 
decision on the amount Canada will spend on 
R and D. I respectfully suggest to you that 
much of the trouble in this area has arisen 
because at the moment nobody knows wheth
er Canada has decided that this is a priority 
that can wait, that we do not have to push 
ahead from 1.3 per cent. Maybe we can wait a 
year. This could be the judgment. I do not 
know, but surely this has to be an element. 
My point is not that you do not consider it 
both ways, because if you are going to come 
up with, let us say, 2 per cent, obviously you 
will analyse the needs you mention.

In agriculture you will say what must be 
done here, there and elsewhere, then you add 
it up, and if it adds up to 4 per cent you say 
it has to be cut down. Surely there is some 
value in the Science Council, with its impor
tant overall responsibility, giving the Govern
ment some idea of the danger or advantage of 
not going ahead or of going ahead with the 
overall investment of our productivity, the 
re-investment in R and D. That is the point I 
am making. I am not saying there is no valid
ity in the statement. I am saying that I object 
to the whole concept being brushed aside as 
cavalierly as it appears to be.

The Chairman: Before Dr. Solandt answers 
that I should like to add that, as Senator 
Grosart has just pointed out, in the process of 
budget making there are really two move
ments. When the budget for the ensuing year is 
being planned, the officials in the Department 
of Finance and Treasury Board first try to 
make a decision on what ought to be the total 
budget of the Government. I am sure you are 
aware of this process. These directives are 
then transmitted to the different departments. 
Then the departments look at their programs 
and make proposals. We must have the two 
processes working together at the same time. 
If you refuse to consider one of the processes 
in research, I think you distort the overall 
process of budget-making.

Senator Grosart: Before Dr. Solandt deals 
with that, I should like to get an answer to 
this, because our experience in this commit
tee has been that your replies remove a lot of 
the doubts in our minds. I would like to point 
out further that in both your space program 
report and your water resources report you 
use this concept—you say there should be a 2 
per cent annual increase.

The Chairman: Twenty per cent.

Senator Grosart: I am sorry. Twenty per 
cent annual increase. And you translate that 
into dollars. Surely you have to be relating 
this to some assumption of progress towards a 
total R and D goal.

Dr. Solandt: Let me take another example.

Senator Grosart: How many 20 per cents 
are you going to come up with?

Dr. Solandt: You are advocating that we 
should have a budget for economics, that we 
should tell the Bank of Canada, the Privy 
Council office, the Department of Finance, the 
Department of National Revenue and so on, 
that there is only so much money for 
economics in the Government and that they 
have to go and ask whether they can have 
another economist, because the decision has 
been taken that there is only so much 
economics that is good for the country. This 
is the parallel.

The Chairman: I do not think the parallel 
is well chosen. Secondly, I think that these 
things are done as a matter of course, where 
perhaps they should not be done. I think the 
parallel is not well chosen, for the good rea
son that the science budget is a peculiar case. 
Here is a segment of government expenditure 
which has long-term results and consequences.

Senator MacKenzie: Mr. Chairman, are you 
and Senator Grosart not assuming a centrali
zation and concentration of scientific work, 
which may be desired, but as long as it is 
distributed among the department" and each 
department has a quota, it is going to be very 
difficult, then, to look at what the department 
thought their share of the budget should be 
for research.

The Chairman: This is one of the aspects of 
the present situation which is quite unsatis
factory to me.

Senator MacKenzie: It may be.

The Chairman: I am quite sure Senator 
Hays would have something to say about 
budget making in the field of research in 
agriculture.

Senator Grosart: This is exactly what the 
Government has done. It has done it with 
Manpower. It has said the situation is such 
that we cannot add to the staffs of public 
departments. This has been done right across 
all the departments. They say there is a limit. 
I am not suggesting that the Science Council 
should issue orders. What I come back to, Dr.
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Solandt, is the advisory role of the Science 
Council in the input of science policy. I am 
merely suggesting that if the Science Council 
would say that there is a relationship—some 
people have contrary views—between the 
economic status, the standard of living in 
various countries—there is a relationship 
between that and the input of Government 
money into R and D. It may be anterior in 
some cases or it may be posterior in others. 
The evidence is that there is a relationship, of 
which you drew a beautiful picture here in 
your first report. You had these beautiful 
coloured charts showing these comparisons, 
and emphasizing the importance of them.

Dr. Solandi: I don’t—have you got a copy?

Senator Grosart: Here it is. This is the 
beautiful coloured picture.

Dr. Solandt: But that has not anything to 
do with the productivity of the country. It just 
says that you conclude that because the 
U.S.A. is the top and is spending the most 
money it has the highest rate of economic 
growth. But actually Japan has a higher rate 
of economic growth than any of the nations 
above it.

Senator Grosart: But there is a relationship, 
or is this chart meaningless?

Dr. Solandt: No, there is not a relationship, 
and we say so. In the group of countries you 
see there, Japan has the highest rate of eco
nomic growth.

The Chairman: These comparisons, these 
so-called spurious correlations, are very mis
leading, because in my view it is silly to 
compare the current effort of a Government 
in the field of science and research, and the 
current GNP.

Dr. Solandt: I agree.

The Chairman: As I said before, the 
implications and consequences of research are 
really long-term, so when you compare cur
rent expenditure with current GNP you can
not get a correlation which would be valuable 
to science.

Dr. Solandt: It has been true for fifteen or 
twenty years. All I am saying is that we do 
not relate economic growth statistically to 
research and development expenditure. I 
think that in any of our reports we have 
always expressed the fact that there is a 
strong opinion and that everyone believes 
that there is a relationship, but we have not

been able to state it quantitatively and that 
we have faith in the relationship.

Senator Grosart: Your actual comment, if I 
may make my point clear, is this—and I 
repeat what I said already:

If these qualifications are kept in mind, 
it is possible to make meaningful 
comparisons.

If it is possible to make meaningful compari
sons between input of federal monçy into R 
and D and something, what do you compare 
it with?

Dr. Solandt: If I might go back, there is a 
fundamental misunderstanding here between 
us, about the role of science. I come back to 
the economic argument, because you both 
immediately rejected that as being not sensi
ble, because you know that economics is an 
integral part of the function of a bank, or the 
Department of Finance or the Department of 
Internal Revenue. What I am saying is that 
science is an integral part of the Department 
of Agriculture, Fisheries, Forestry, Energy, 
Mines and Resources, Industry, and you can
not separate it from these things and budget 
for it separately, any more than you can do it 
with economics.

Senator Grosart: I am not really suggesting 
that you budget for it. I am merely suggest
ing that there may be value in your advising 
the Government as to whether we are not 
putting enough comparatively or otherwise 
into R and D to assure the economic future of 
Canada in the next ten years.

Dr. Solandt: We said several times that we 
are not.

Senator Grosart: That is why I object to 
this other statement which seems to be put in 
opposition to that.

Dr. Solandt: Oh, no, it is not. I do not see 
that there is any opposition at all. The per
centage GNP that you put in R and D is a 
sort of rough test to see whether you are 
paying enough or not enough. It is a rough 
test. If you say, as we say, that we have put 
1.3 per cent, we have said that according to 
this rough test, that is not enough. So we do 
not say “let us put another .7 per cent in this 
year” What we say is: “Let us look at the 
whole of our society and see the places where 
we ought to be putting more in, where we 
can put it more effectively, and then we can 
look at the score a little later and if we say 
that the GNP has gone up to 3J% we are 
doing quite well or we were at 14% and were
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not doing well.” My point is that you do not 
suddenly establish a big kitty of money and 
say “Run around boys and see if you can 
spend it.”

Senator Grosart: That is not inherent in the 
complete picture of my suggestion. If you say 
to a cabinet, or to a person in an institution: 
“You are not doing enough, you are not 
spending enough money on X,” the immediate 
and natural response is : “If it is not enough, 
how much?” Now, we are in this area of 
advice to a government, advice to laymen, 
and I am suggesting to you it is an important 
function of the Science Council to give the 
Government some guidance as to whether it 
is at the moment, putting in enough, and if 
not enough, what is the deficit?

Dr. Solandi: I still, with respect, do not feel 
it is the best approach. It may be the sim
plest, but I think we are not putting in 
enough and we say, now here are the areas in 
which we should put in more and let us get 
busy and put more in and put in the amount 
that is needed to achieve the things we want 
to do.

Senator Grosart: Perhaps we are saying the 
same thing, because eventually you have got 
to add up all your recommendations, but you 
want to put out a hundred reports and subjects 
to add it up and you are going to have the 
Government more confused than ever.

Dr. Solandi: I must agree that your point of 
view is not an uncommon one and we are just 
not communicating the idea properly. I hope I 
have gotten across the reason why we do not 
want to set a target as just a percentage of the 
gross national product. Science is an integral 
part of almost every action of the Govern
ment, and to say that every department has 
to spend 2 or 3 per cent of their budget—

Senator Grosart: I am not suggesting that. I 
am only speaking of guidance, over-all gener
al guidance to the Government so they can 
make their decisions as in the ING case. 
Should we have abandoned this particular 
thing or should we have looked around to 
some place where may be we are spending 
enough? If the Science Council says you are 
not spending enough on R and D generally, 
then one could question the decision to make 
a cut in something already in that area, al
ready recommended by the Science Council.

Dr. Solandt: We have said repeatedly we 
are not spending enough on R and D.

The Chairman: Before you came to that 
sentence, to which Senator Grosart has 
referred—we shall not fall into that kind of 
trap—did you consider the Belgium experi
ence? They are trying to establish a kind of 
scientific budget.

Dr. Solandt: Yes, and so are the French.

The Chairman: The Belgians are more 
explicit in their exercise in this field.

Dr. Solandt: The means of increasing 
expenditure on science; it is probably pretty 
good, provided you have a good mechanism 
for deciding how you are going to spend it. I 
still think it is really just grossly oversimpli
fying the problem.

Senator MacKenzie: Mr. Chairman, I would 
like to refer to page 15 of the report, Goal 3: 
Education. The first paragraph states the 
elements of the goal, and I like the philoso
phy stated:

—Opportunities for education of high 
quality, at all levels from elementary 
through to post-doctorate and including 
all forms of post-secondary training, 
should be readily available to all Canadi
ans, to the limit of their individual 
abilities.

I have frequently made the same statement 
with two reservations, one subject to the 
competence financially and economic possibil
ity of the country or the province being able 
to do this, and the other subject to the moti
vation of the individuals who are interested, 
particularly beyond high school.

This leads to the question I wanted to ask. 
There has been increasing pressure from the 
students in universities to be given free edu
cation, not only in terms of their fees but 
somewhat along the lines of the training and 
retraining in the manpower program of living 
subsidies, and so on and so forth.

I do not myself know whether this is social
ly desirable or feasible. I was wondering if 
Dr. Solandt would like to comment on this. 
The general objective and philosophy I like, 
but this particular area presents to me some
thing of a problem. I have been one of those 
who have argued and felt that by and large 
higher education is something of a privilege 
and those who enjoy it should be expected to 
pay something for it in terms of their own 
efforts in getting it, or, if their parents are 
well to do, with the assistance of their parents, 
or, if necessary, through the borrowing of 
money perhaps without interest which can be
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paid back when they get into the better paid 
echelons of society as a result of their advan
tages gained through university or post
secondary education.

Do you get what I am driving at, Dr. 
Solandt?

Dr. Solandt: Yes. I completely agree with 
you first comment. As I mentioned in review
ing the report we probably should have 
emphasized the general qualification that so 
many of these goals are mutually conflicting 
and exclusive that we obviously cannot give 
everybody a university education. We cannot 
afford it. So we have to limit this somewhere 
for financial reasons just as we have to limit 
almost every one of these goals. We have to 
get the mixture that we want of so much 
education and so much of other things.

On the second point of view I have divided 
thoughts. My own feeling is pretty nearly that 
of Senator MacKenzie’s generation. Moreover, 
having had a father who was a Presbyterian 
minister, I feel that people should work for 
what they get.

The Chairman: That is a very old concept.

Dr. Solandt: I think that probably part of 
our trouble in the present generation is that 
we are beginning to have a transfer from the 
economics of scarcity to the economics of 
affluence, and the point of view that you have 
expressed is part of the economics of scarcity.

I think we are going to come to a time, not 
in Canada in my lifetime but possibly in the 
United States, when the attitude toward edu
cating people will become such that a highly 
intelligent and competent person will be con
sidered a national resource of great impor
tance and it will be the job of the state to 
talk him into accepting the education he 
needs to make full use of his capabilities in 
the national interest. Some time in the future, 
in effect, the stage is going to seek out the 
scholar and educate him rather than the 
scholar going to seek out an education.

In my opinion it is the sort of transition 
between these two points of view that is caus
ing some of our trouble nowadays. A good 
many students are beginning to realize that 
while an education is a privilege and an 
advantage to them it is also something that 
the state, the society, wants them to have and 
so they are beginning to say, “Well, if you 
want me to have an education, I am going to 
take it on my terms; not on yours.”

Senator MacKenzie: Have you any worries 
about the problems that may arise through, in

a sense, the creation of a state supported elite 
who get more out of the common pot than the 
rest of the population?

Dr. Solandt: I am sure it is going to cause 
real problems, but I do not think they will hit 
us in Canada, at least in my lifetime. What 
bothers me far more about the next 15 years 
is that people in Canada are beginning to get 
the feeling that we have already arrived in 
the post-industrial state and that it is not any 
longer necessary to work and that everything 
can be given to us. I do not think we in 
Canada are at that stage yet.

Senator MacKenzie: This is exactly what I 
am getting at.

Dr. Solandt: I do not think we are yet in 
that stage in Canada. I think we still have to 
teach people that they have to work hard if 
they are going to enjoy all of the things they 
want to have. In fact, we are seeing that right 
now.

The Chairman: If they work too hard they 
will not have time to enjoy it.

Dr. Solandt: That is right, there has to be a 
happy balance.

The Chairman: They have to have the 
benefit of their work.

Dr. Solandt: But we have not yet arrived at 
the stage in the development of Canada 
where we are in the so-called post-industrial 
state where very few people can produce 
everything that everybody else needs. We are 
still developing a large country. We still have 
frontiers and all the problems that go with 
them, and my worry is that we assume 
because we have some of the characteristics 
of the highly developed economy that we can 
behave like the United States.

Senator Cameron: Mr. Chairman, I would 
like to refer to section 3. I think this is at the 
basis of any progress we make, and I am sure 
you will agree with that. I want to make one 
distinction which probably comes from my 
own experience and prejudices. Senator 
MacKenzie has touched on a very critical 
area so far as our future policy and our 
philosophy of today are concerned. He is re
ferring particularly to the undergraduate and 
the university post-graduate as well. But I 
say that because of the rate of technological 
change we must be as concerned in our socie
ty with the dropout who has Grade 7 as with 
the dropout who may have a PhD because 
unless he goes back to school he also becomes
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obsolete. And here is where I think we con
sider the principle that we must provide 
opportunities for continuing education. We 
see this development in the establishment of 
community colleges and the kind of institu
tion I run, and here is where we get into 
difficulty.

I have always maintained that the people 
taking courses as adults should pay the cost 
of the courses, because as a rule they are 
short-term courses; the people are on pay and 
for that reason I ask why should somebody 
else pay for their continuing education which 
should be in the main self-supporting. There 
are people in the adult education field who 
say that it should be free. I completely dis
agree with this. We should think in terms not 
only of basic education but also in terms of 
elementary, secondary, university and post
university education. We have to acknowl
edge, and I think most people do, the need 
for continuing education as an essential ele
ment of our total education program. That is 
why I say it is just as important for the PhD 
to go back to school as it is for the dropout 
from Grade 8. I don’t think this is always 
recognized in the approach to the totality of 
our education program.

The Chairman: Do you have any comment 
on that, Dr. Solandt?

Dr. Solandt: No, except to say that I agree 
completely but with the same reservation that 
I put in before. When we get to the point 
where we regard skilled people as a resource, 
then we have the situation where you have to 
overhaul them as you overhaul plant. Then 
just as a company that is running a plant 
pays to have it overhauled, they will pay to 
have their staff overhauled from time to 
time—refurbished and brought up to date.

Senator Cameron: They are doing that 
today. All the people going to management 
schools are on payroll. The companies are 
recognizing this situation.

Dr. Solandt: If you accept the view that it 
should not be paid for by the Government 
where the benefit goes to industry, I entirely 
agree.

Senator Grosarl: What section are we on?

The Chairman: Section 3. Any other ques
tions before we move to section 5?

Senator MacKenzie: I would like to spend 
some more time on section 3 because I feel 
that this is in a sense the essence or the guts,

if I may use that term, of this report and this 
problem. I would like to be sure we more or 
less agree as to the national goals as set out 
here, and what Dr. Solandt and the Science 
Council had in mind about achieving and 
realizing them through the support of their 
organization and the effective use of the 
scientific community in Canada.

Dr. Solandt: The council certainly has not 
gone into any detailed planning on how to 
achieve these goals other than to look at the 
contribution that science can make towards 
achieving them. It is obvious that none of 
these goals can be achieved by science alone. 
In some of them science can make a pretty 
important contribution, but for others it has a 
much smaller contribution to make. We have 
only looked at them from that point of view 
and with the hope that others will take a look 
at them also from other points of view with 
the aim that we may eventually have some 
agreed national goals towards which everyone 
works.

Senator MacKenzie: You made mention of 
urbanization and more or less organizational 
problems which confront solution to these 
problems which exist and which are increas
ing in practically every country today and 
which are the cause of a great deal of our 
difficulties. While we owe a great deal to 
science and technology in terms of improve
ment of our lives and in terms of coping with 
the strains of living, I don’t think it is an 
exaggeration to say that the rapid change 
which science and technology has brought 
about and is bringing about and apparently 
will bring about at an even faster rate in the 
future is also creating problems for human 
beings that are going to be very serious. They 
are in fact very serious now. This is some
thing to which I hope the Science Council 
will continue to give serious thought.

The Chairman: Or else.
Senator MacKenzie: You get the point I am

trying to make.
Dr. Solandt: This is certainly a problem we 

have discussed frequently, and it is men
tioned in here that the effects of the use of 
science are not necessarily all good. Some
times they can be quite bad, and it is the 
responsibility of scientists to try to ensure 
that science is used where it can help, and 
where it cannot help that its use is curtailed 
or that it is used differently. But here again 
science is, as always, only another element in 
the situation.
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Senator MacKenzie: I was not thinking so 
much about the practical results of science as 
much as whether anything can be done to 
assist human beings to adjust themselves to 
what science has done and is doing to them 
and their environment. You may say this is 
something, perhaps, a social scientist or 
humanist should tackle and try to answer, but 
I think it is a common problem, and as I say, 
I would hope that your council would contin
ue to look at it from that broad point of 
view.

Dr. Solandt: I am sure we will, and we 
could do it much more effectively if we did it 
in partnership with social scientists.

The Chairman: We will try to make sure 
that this becomes possible.

Senaior Cameron: I am looking at the last 
line here where it says “— the provision of 
better information services for education.” 
Have you or any organization you know of 
made any special study of this with respect to 
bringing it up to date and the kind of machi
nery we should use and so on? Obviously the 
whole matter of information retrieval services 
is involved here, but is anyone making a spe
cial study on bringing this into the twentieth 
century too?

Dr. Solandt: I think this will be pretty ade
quately covered in the study we are doing 
now and information on which will be availa
ble in probably less than six months.

The Chairman: The Department of Immi
gration and Manpower has also embarked 
upon systematic studies of this, and we will 
hear more about this when they come before 
us. Are there any other questions before sec
tion 5?

Senator Hays: Mr. Chairman and Dr. So
landt, on page 14 you say in your “Goals":

Provision of medical services of rising 
quality and efficiency.

How involved will the Council be when you 
speak of “efficiency”? I suppose that would 
also include inefficiency, and I will point out 
an example. For instance, in the province 
of Alberta we have about eight hospital beds 
per thousand people. California has about 3.8; 
Ontario, 5.4. Either we are abusing our beds 
system in Alberta, or we do not have enough 
here. I happened to be chairman of one of our 
hospital boards for a time, and I would esti
mate, from having confidential talks with the 
medical profession, our abuses were about 42 
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per cent. In other words, we had 42 people 
out of every hundred in hospital who should 
not have been there; and, at the same time, 
probably 10 per cent out of the hospitals v/ho 
should have been in hospitals. This is certain
ly not efficient and it is very costly. Do you 
plan to do any studies in so far as this is 
concerned, on what are the proper ratios of 
doctors per thousand people, and as to how 
many trained people you have to have?

For instance, if you are going to deal with 
policemen you say, “If you want to stop all 
crime on our streets, you can do this by hav
ing one policeman to every three hundred 
people.” But you say, “We have one to 500 or 
one to 700.” Chicago has one to 500; Cincin
nati one to 700. These crimes rise and fall all 
the time. You have so many barbers per thou
sand people. Do you plan on going into this 
field of efficiency as well?

Dr. Solandt: We would not plan to do this 
kind of study ourselves, but quite high on our 
list of priorities is to look into the problems 
of what we like to call the delivery of health 
services, and to make recommendations as to 
the kind of studies that need to be made and, 
hopefully, to make recommendations as to 
who should make them, because it is becom
ing increasingly obvious that our present 
health services mechanism is poorly con
ceived. It has just grown up out of the old, 
primitive doctor-patient relationship, and we 
have added services like nurses and so on, 
and it is pretty certain that if we start from 
way back and look at the matter from the 
point of view of fundamental programs, to 
see what a person needs in the way of health 
services and how you can devise a modern 
mechanism to deliver this service to him, not 
only a high-quality service but one at rela
tively low cost, I think, for instance, you will 
find that we need far fewer hospital beds 
than we did in the past. If you have motel- 
style accommodation, where a person who 
needs to be in hospital to have tests done 
could live there and walk across the street or 
walk through a tunnel to the hospital to get 
the tests done, that is one example of the 
kind of thing that can be done. This sort of 
exploration is beginning, and some is going 
on in Canada. It is becoming increasingly 
obvious this is one of the major areas in 
which we can produce savings in real cost to 
the community.

Health and education are the two areas 
where I think we can increase the efficiency 
of the operation without lowering the quality, 
and even improving it.
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Senator Hays: Actually, there is sufficient 
money to do all the things we have to do in 
Canada, if we could stop the waste and 
misuse of funds. This is the great problem in 
Canada today, not only in educational centres 
but in the practice of medicine. They are all 
subject to abuses, and it seems to me there is 
plenty of room for somebody to do a study.

We can afford so much, to tackle this prob
lem, but the misuse of funds is a great prob
lem in Canada today. It is a lot easier to pay 
our taxes today than it was in the thirties. 
Regardless of what anyone says, people are 
better off today than they have ever been. If 
we could avoid this misuse by having more 
efficiency, I think there would have to be 
some terms of reference to say, “Well, these 
are adequate goals to reach.”

Dr. Solandi: These two big areas of health 
services and education are ones where in the 
past there has been no commercial competi
tion to sharpen up efficiency in prices, and 
the general feeling of the public has always 
been, “We want the highest quality, but don’t 
bother us too much about the cost.” But we 
are beginning to see that we are at the end of 
our resources. We are having to make 
choices, and these two big service areas, 
health and education, are ones where the pos
sibility of improvement of efficiency is very 
great, because there has been no competitive 
force at work to improve the efficiency. So 
they are two areas we obviously must get 
started on quickly, and we have already dis
cussed them and have begun planning how 
they might be tackled, but have not yet made 
any firm recommendations, except to include 
them in the list.

Senator Bourget: I have a question on the 
goals. No. 4 mentions, “Freedom, security and 
unity,” and it says:

Promotion of better understanding and 
co-operation between the different parts 
of Canada and between Canada and other 
nations of the world.

Dr. Solandt, how do you relate that to the 
role of the Science Council? Do you mean by 
this that science policy should be a source of 
public policy? Do you not think it is too 
explosive a field of operation for the Science 
Council to enter into, and that this should be 
left to the politicians, if I could use that 
expression? How would you consider that 
goal in relation to your role?

The Chairman: There is at least the begin
ning of an explanation on page 16.

Dr. Solandt: Well, these goals are not the 
goals of the Science Council. These are our 
idea of what the goals of the nation are. In an 
ideal world we would have gone to the Goals 
of the Nation Department and got the latest 
printed version of the national goals, and we 
would have written a report on how science 
could help achieve them; but since this is not 
an ideal world, we had to write our own 
goals.

Senator Grosart: You agree these are the
goals?

Dr. Solandi: We say, “This is what we are 
using as national goals. What do you think of 
them?”

Senator Bourget: Oh, that is the meaning of
it?

Dr. Solandt: Yes. I hope there will be a lot 
of discussion on them, with the idea of shar
pening them and making clear what differ
ences of view there are.

Senator Grosart: Section 4, page 20. I am 
not going to go back to my original argument 
on gross expenditures on research develop
ment, except perhaps to say, as I said to one 
of the co-authors of the report, that you are 
living a little dangerously here and getting 
into GERD. I point out that if you make it an 
agency it would become GERDA. But, to deal 
with the gross expenditure on R & D—

The Chairman: Do you want to join the 
club too?

Senator Grosart: I protested being at the 
end of the questioning yesterday, and perhaps 
I can repeat that protest now. I am not good 
at answering questions; that is why I ask so 
may.

Here, again, we have an historic projection 
of our expenditures on R & D, and you have 
indicated the three major areas—government, 
industry, and universities. Do you see it as a 
function of the Science Council to advise the 
Government as to what might be a reasonable 
apportionment of expenditure in respect of 
future science policy between these three 
main areas, both as to sources of funds and 
users of funds?

Dr. Solandt: Indirectly. I think it is the job 
of the Science Council to advise generally on 
the balance of effort between the different 
sectors of the scientific community, and then, 
having decided which things can best be done 
in which place, you see the distribution of 
expenditure changing.
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Senator Grosart: You have made some 
recommendation for a major shift, generally 
into industry.

Dr. Solandt: Yes, but I do not think we 
should make the shift in the sense of saying 
you must spend X million dollars in industry. 
What we say is: “You might try to encourage 
an expenditure of more money by industry, 
and see how it goes.” Perhaps we will get to 
the point of seeing that it is too much, but I 
do not think I shall live to see it.

Senator Grosart: You would not go so far 
as to suggest broad percentages for, say— 
would you make a projection for a few years, 
or a decade, ahead of the figures contained in 
Table 2 on pae 21? Those figures are 36, 44, 
19, and 11 as current expenditures by sector of 
performance of Government, Industry, High
er Education, and Private Non-Profit re
spectively.

Dr. Solandt: I would be very doubtful if 
we can. What I would rather do is say that 
we should pursue policies of stimulation for 
research and development, and outline those 
policies in some detail, including the major 
programs that we have put in here. We would 
hope that the result of these would be that 
the GERD would reach these levels at these 
times, and the different levels between the 
sectors would follow.

Senator Grosart: Is there not some danger, 
Dr. Solandt, if you are not more specific, that 
you are going to have the same thing happen 
that you have complained of? Somewhere 
there was a policy—whether it was expressed 
or just automatic—for this series of spot deci
sions as to what we spent. You say there 
should be a change from the situation that 
has developed as a result of that series of ad 
hoc decisions, which has put us in the posi
tion that today too much of the effort is being 
made by government and not enough by the 
industrial research sector. Is there not a dan
ger, if you are not fairly specific and if you 
make this general statement that you think 
there should be more going into industrial 
research, that we will wind up in a few years 
with government trying to follow your advice 
with imbalanced action. Is there not some 
value in your accepting the responsibility of 
giving some much more specific advice to 
government?

Dr. Solandt: I agree, but the specific advice 
must be for programs. It must not be advice 
to the effect that you must spend X million, 
but that you must achieve a certain objective.

In this respect I might just observe that the 
nation that is pointed to with envy by every
one is the United States. It has never budget
ed for a percentage of G.N.P. They never 
even talk about it. I do not think they ever 
even thought about what percentage of G.N.P. 
they were spending on R and D until OECD 
added it up and showed it to them. They have 
always thought in terms of programs. I have 
heard many people say that it is just impossi
ble to change the rate of expenditure on R 
and D rapidly. Well, look at what has hap
pened in the United States. As I remember 
the figures—and this is pretty rough—they 
went from spending 3 per cent of the total 
federal budget on R and D up to 10 per cent 
in a very few years.

Senator MacKenzie: On this point may I 
ask how much of that is due to the interna
tional situation, or the involvement of the 
United States in international affairs at the 
present time?

Dr. Solandt: Let me say that this is because 
they decided to put a man on the moon and 
to have an intercontinental ballistic missile 
program. Those were programs they decided 
upon, and nobody asked: “Is this going to 
result in our spending 2, 3, or 4 per cent of 
G.N.P. on R and D?” They said: “These are 
the things we want to do.” They then went 
ahead and did them, and this has raised their 
expenditure to a very high level. But, they 
did not plan to spend so much money.

Senator Grosart: But they have a different 
system from ours. The authority there to go 
ahead comes from a subcommittee on appro
priations, either of the House of Representa
tives or the Senate, or Congress as a whole. 
We do not have this. I doubt that you meant 
to say that they went ahead with these pro
grams not knowing what percentage of G.N.P. 
they were going to spend. I am sure that they 
did. They may have known it only in terms of 
dollars, but if you read the reports of those 
subcommittees you will find that they are 
continually saying to themselves: “Can we 
afford this?” or: “We are spending this vast 
amount of money this year out of a budget of 
so much”, which is the same thing.

Dr. Solandt: But, they are not saying: “We 
have allocated 3 per cent of G.N.P. to 
research and development. Is this going to 
push it over that?” They say: “We have $X 
million to spend this year. Is this the program 
we are going to spend it on?”.
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Let us take a specific example. I think we 
are all agreed that Canada ought to do more 
research and development and innovation on 
urban problems. Rather than saying: “Let us 
get up to 2 per cent of G.N.P. next year”, 
why do we not say: “Let us start a really big 
program in respect of some of our critical 
urban problems next year?” That will push 
the expenditure up, but let us make it an 
objective, and not make the objective the 
spending of 2 per cent of G.N.P.

Senator Grosari: I do not think we are very 
far apart.

Dr. Solandt: No, we are not, really.

Senator Grosart: You tend to use certain 
terminology and say that we should not spend 
such a percentage. I am not suggesting we 
should. I am speaking of advice—of present
ing conceptual pictures to the Government so 
that it has some broad guide-lines. I am not 
saying: “You must spend this on this”. What I 
am saying is that there would be value in 
your saying: “This looks like a very reasona
ble balance of expenditures on R and D in 
respect to GNP, and in respect to the various 
sectors of performance in R and D.” That is 
all I am saying, and I do not think we are far 
apart.

Senator MacKenzie: May I ask just one 
other related question? It has come up in 
respect of external aid, and how we compare 
with other countries. It is difficult to get com
parable figures because of the different ways 
in which money is spent and credited. With 
respect to our own case here I have in mind 
the fact that the United States and Britain 
spend far more on military affairs, and 
research, so-called, in military affairs, than 
we do. This inevitably pushes up their expen
ditures, so called, on research, and all I am 
suggesting is that we must look very carefully 
at what goes into the statistics presented for 
comparable purposes before we accept them.

Dr. Solandt: Yes, there is no question but 
that a great part of the U.S. expenditure is on 
space and military research. I do not have the 
figures at my fingertips, but they are easily 
available. This has to be qualified a little 
because undoubtedly a great deal of the 
competence of U.S. industry in world markets 
and their availability to compete effectively 
in world markets arises out of the work they 
have done.

Senator MacKenzie: I agree.

Dr. Solandt: I remember speaking not long 
ago to the head of a big corporation in the 
U.S. who said, “We have a $100 million pro
gram of research and development for the 
government, and we have a $3 million pro
gram of our own company money which is 
aimed largely at applying the results of the 
government program to our own commercial 
products”, so the expenditure for defence and 
space is not entirely unrelated.

Senator MacKenzie: They are byproducts.

Dr. Solandt: There are cross-connections 
between the two.

Senator Grosart: Is it not the American 
experience that the spin-off benefits are 
increasing percentagewise each year?

Dr. Solandt: I do not know of any real solid 
evidence to support that, but I think there is 
certainly a general feeling that way.

Dr. Grosart: I recall an article or a study 
asserting that.

Dr. Solandt: Another thing we must 
remember when talking about American 
space and defence work is that it really 
supports only a very small part of their total 
industry. I remember hearing Herb Hollo
man, when he was Assistant Secretary of 
Commerce, talking about this and pointing 
out that many of the major industries in the 
United States, such as the steel and chemical 
industries, with the sole exception of explo
sives, get virtually no government support at 
all. Some of them are very good and some of 
them are quite bad. For instance, the Canadi
an steel industry compares very favourably 
with the U.S. steel industry yet it is wholly 
owned and controlled in Canada and, like the 
U.S. depends very largely on technology 
imported from Europe, but it has been much 
more aggressive and competent in importing 
this technology. There again, let us not 
assume that defence and space expenditure 
pervades the entire industrial economy. It 
affects only a rather limited sector of it. It is 
the spectacular sector that we see and hear 
about.

The Chairman: But perhaps those sectors 
which will expand more rapidly in the future.

Dr. Solandt: Yes.

The Chairman: I have one brief question on 
figure 1 on page 20. It is related to the direct 
federal support for university R and D. Do 
you imply by this that there was no direct
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federal support for this purpose prior to 
1959?

Dr. Solandt: No, it is less than $10 million. 
The graph is chopped off at $10 million. It is 
a log scale and if you went down to zero, zero 
would be way off the bottom of the page.

The Chairman: Are there any other 
questions?

Senator Grosart: Are you going to section 
5?

The Chairman: It is quite clear that we will 
not finish this discussion today, because I at 
least have many questions from section 5 on. 
I am sure other members of the committee 
will also have many questions. We come back 
to what we were discussing yesterday, your 
availability, Dr. Solandt, in the next few 
weeks.

Dr. Solandt: Would you like to try to set a 
date now, or could we discuss it later?

The Chairman: If the members of the com
mittee would leave this in my hands, the staff 
and I could discuss this with Dr. Solandt so 
as to arrange a satisfactory date. Is that 
agreeable?

Hon. Senators: Agreed.

The Chairman: We will then go on from 
section 5. Thank you very much again, Dr. 
Solandt.

Senator Grosart: Mr. Chairman, I think we 
should express our thanks to Dr. Solandt for 
all the time he and his associates have given 
us. It is unusual that we should keep one 
witness for as long as we have.

Senator MacKenzie: It is a measure of his 
importance.

Senator Grosard: We have enjoyed it and 
we will welcome him back, and try to be 
nicer!

The committee adjourned.

29341—6
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Membership and Terms of Reference
(1) The Science Council of Canada Act, 

which received Royal Assent on May 12th 
1966 created a Council, to consist of “not 
more than

(a) twenty-five members chosen from 
among persons having a specialized 
interest in science and technology;

and
(b) four associate members chosen from 

among officers or employees of Her 
Majesty employed in departments or 
agencies of the Government of 
Canada.1”

whose task was to be
“to assess in comprehensive manner Cana
da’s scientific and technological resources, 
requirements and potentialities and to make 
recommendations thereon to the Minister; 
and in particular it shall be the duty of the 
Council to give consideration to, and make 
reports and recommendations to the Minis
ter on,
(a) the adequacy of the scientific and tech

nological research and development 
being carried on in Canada;

(b) the priorities that should be assigned in 
Canada to specific areas of scientific and 
technological research;

(c) the effective development and utiliza
tion of scientific and technological man
power in Canada;

(d) long term planning for scientific and 
technological research and development 
in Canada;

(e) the factors involved in Canada’s partici
pation in international scientific or tech
nological affairs;

(f) the responsibilities of departments and 
agencies of the Government of Canada, 
in relation to those of universities, pri
vate companies and other organizations, 
in furthering science and technology in 
Canada;

(g) the statistical and other information on 
scientific and technological research and 
development that should be obtained in 
order to provide a proper basis for the 
formulation of government policy in 
relation to science and technology in 
Canada; and

(h) the best means of developing and main
taining co-operation and the exchange of

1 Science Council of Canada Act, Clause 3—see 
for example Appendix I, Science Council of Canada, 
First Annual Report, p. 24.

information between the Council and 
other public or private organizations 
concerned with the scientific, technologi
cal, economic or social aspects of life in 
Canada.2”

At present the Science Council reports 
directly to the Prime Minister.

(2) The original twenty-five members and 
four associate members are listed in the First 
Annual Report of the Science Council, which 
is attached as Appendix I. The present mem
bership of the Science Council, as of Septem
ber 1968 is as follows
Dr. O.M. Solandt, Chairman; Chancellor, 

University of Toronto
Dr. Roger Gaudry, Vice-Chairman; Rector, 

University of Montreal
Dean W.M. Armstrong, Faculty of Applied 

Sciences, U.B.C
Dr. J.M.R. Beveridge, President, Acadia 

University
Dr. G. Malcolm Brown, Chairman, Medical 

Research Council
Prof. P. Dansereau, Department of Environ

mental Studies, University of Montreal 
Dr. William H. Gauvin, Manager, Noranda 

Research Centre
Dr. P.A. Giguère, Professor of Chemistry, 

Laval University
Mr. J.L. Gray, President, Atomic Energy of 

Canada
Dr. J.M. Harrison, Assistant Deputy Minister, 

Department of Energy, Mines and 
Resources

Mr. J.D. Houlding, President, RCA Victor 
Ltd.

Mr. Leonard Hynes, President, Canadian 
Industries Limited

Dr. Josef Kates, Management Consultant 
Dr. Leon Katz, Director, Accelerator Labora

tory, University of Saskatchewan 
Mr. Roger Larose, Special Consultant to the 

Rector, University of Montreal and Presi
dent, CIBA Co. Ltd.

Dr. F.C. Macintosh, Drake Professor of Physi
ology, McGill University 

Dr. A.W.H. Needier, Deputy Minister, Depart
ment of Fisheries

Dr. G.N. Patterson, Director, Institute for 
Aerospace Studies, University of Toronto 

Dr. H.E. Fetch, Vice-Principal Academic, 
University of Waterloo

Mr. P.R. Sandwell, President, Sandwell and 
Company Limited

2 Science Council of Canada Act, Clause 11.
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Dr. W.G. Schneider, President, National 
Research Council

Dean L.H. Shebeski, Faculty of Agriculture 
and Home Economics, University of 
Manitoba

Dr. R.J. Uffen, Chairman, Defence Research 
Board

Mr. D. Wermenlinger, Manager of Engineer
ing, Churchill Falls (Labrador) Corp. Ltd.

Dr. J.D. Wood, Vice-President, ATCO Indus
tries Limited

Associate Members
Mr. R.B. Bryce, Deputy Minister, Department 

of Finance
Mr. S.S. Reisman, Secretary, Treasury Board 
Dr. A.J.R. Smith, Chairman, Economic Coun

cil of Canada
Dr. J.R Weir, Director, Science Secretariat, 

Privy Council Office
(3) The Act empowers the Council, in car

rying out its duties, to “utilize the services of 
such officers and employees of Her Majesty 
employed in Departments of the Government 
of Canada as the Governor-in-Council may 
designate”3. To date, the full-time staff of the 
Council have been provided by the Science 
Secretariat of the Privy Council Office, an 
arrangement based on a recommendation of 
the Glassco Commission4 and proposed in a 
report to the Prime Minister by Dr. C.J. 
Mackenzie in early 19645 6.

(4) The Science Council met for the first 
time in Ottawa on July 5, 1966; since that 
time it has met in Ottawa, Montreal, Halifax, 
Quebec City, Toronto and Winnipeg. The meet
ing in September 1968 was the fourteenth.
Operating Methods

(5) During its twenty-six months of opera
tion, the Science Council has evolved a sys
tem of operation which permits it to have an 
area of interest studied and to formulate 
appropriate recommendations for policy. The 
system adopted involves the delegation of 
specific authority to two distinct groups—an 
ad hoc Science Council Committee and a Spe
cial Study Group.

(a) Science Council Committees
(6) It is the responsibility of each Commit

tee of the Science Council—to oversee the 
study of an area of interest to the Council.

3 Science Council of Canada Act, Clause 14.
* Royal Commission on Government Organization,

Vol. 4, p. 224 (190).
6 Report to the Prime Minister on Government 

Science, submitted by Dr. C. J. Mackenzie, January 
1964.

(e.g. the Earth Sciences, Agricultural Re
search, etc.;. This includes the responsibility 
for authorizing the creation of a Special Study 
Group, for agreeing to the membership of the 
Study Group and for determining detailed 
terms of reference for the Study Group—to 
frame policy recommendations on the area of 
concern, for discussion by the Science Coun
cil, based on the report prepared by the Spe
cial Study Group and on any other relevant 
material—to draft and oversee publication of 
a Report of the Science Council, containing 
all recommendations agreed to by the 
Council.

(7) Members of Science Council Committees 
are drawn from within and outside the Coun
cil. Chairmen of the Committees are normal
ly, but not always, members of the Council. 
Membership lists for all currently-operating 
Committees are attached as Appendix II. 
Members are selected for their specialized 
knowledge of the field under study and an 
attempt is made to have all interested sectors 
of the economy represented. They are 
appointed by the Science Council.

(b) Special Study Groups
(8) Special Study Groups are established, 

with the assistance of the Science Secretariat, 
and given responsiblity for—conducting an 
investigation of the present state and future 
needs of an area of interest to the Science 
Council, within the scope of terms of refer
ence agreed to by the appropriate Science 
Council Committee—presenting a written 
report on their investigation for transmittal to 
the appropriate Science Council Committee 
and thence to the Science Council (In general 
these reports are published as Science Sec
retariat Special Studies)—providing such as
sistance and advice as is requested by the 
Science Council Committee.

(9) Members of the Special Study Groups 
are active scientists from the field under 
study and are retained under contract or by 
secondment for the duration of the study, by 
the Science Secretariat. Each Special Study 
Group is assisted by a staff member of the 
Science Secretariat who is appointed as Pro
ject Officer for the Study.

(10) Table I indicates all of the Council 
Committees and Special Study Groups which 
have operated to date. For each are listed

—the subject studied
—the Chairman
—the date of reporting, whether actual or 

expected.
In two cases, indicated by asterisks, the 
Chairman of Science Council Committees



TABLE I

COMMITTEES OF SCIENCE COUNCIL AND THEIR STUDY GROUPS

Topic

Science Council Committee

Chairman
Date of Reporting 

(Actual or Expected)

Special Study Group

Study Group Lesder
Date of Reporting 

(Actual or Expected)

Agricultural Research........................ L. H. Shebeski.

Aeronautical Research....................... J. J. Green*........

Basic Biology...................................... F. C. Macintosh

Earth Sciences.................................... W. H. Gauvin..

Engineering Research........................  P. R. Sandwell. .

Physics and Chemistry..................... H. E. Fetch.......

Spring 1969 B. N. Smallman................................. Spring 1969

Spring 1969 No Study Group

Spring/Summer 1969 K. J. Fisher........................................ Spring 1969

Winter 1969 R. A. Blais.......................................... Fall 1969

Early 1969 G. Sarault........................................... December 1968

Spring 1969 D. C. Rose—(a) Physics................... June 1967**

A. E. R. West man—(b) Chemistry.. Fall 1968

Science Policy.....................................

Scientific and Technical Information

Support of Research in the
Universities***.............................

Water Resources Research................

Review of IN G Proposal...................

Upper Atmosphere and Space...........

Psychology.........................................
Transportation....................................

O. M. Solandt...................

L. Katz..............................

R. Gaudry........................

J. T. Wilson*.....................

J. D. Moulding..................

Discussed by full Council; 
no committee formed. ..

No committee formed

No committee formed

October 1968** 

Summer 1969

Spring 1969 

September 1968** 

March 1967**

July 1967**

N/A

N/A

No Study Group

J. P. I. Tyas....................................... December 1968

J. B. Macdonald................................. December 1968

J. P. Bruce.......................................... September 1968**

No Study Group

J. H. Chapman 

M. H. Appley.. 

C. B. Lewis. . .

February 1967** 

September 1967** 

Fall 1968

*Not a member of Science Council.
**Reports published (see list of publications).

***Jointly sponsored by Science Council and Canada Council.

Science Policy 
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were not members of the Council. No study 
group leaders are Council members.

(11) In the early days of the Council’s exis
tence this system was not always followed in 
detail, but it does represent the most com
mon pattern now used.
Program of Studies

(12) At the first meeting of the Science 
Council, in July 1966, the Science Secretariat 
reported that four studies were under way, 
covering

—Upper Atmosphere and Space Programs
—Physics in Canada
—Psychology in Canada
—Agricultural Research.
At this same meeting the Council discussed 

proposals made by various bodies for studies 
of

—Engineering Research
—Water Resources Research
—Transportation Research

and agreed that such studies should be car
ried out. The Science Secretariat subsequent
ly established study groups for each of these 
areas.

(13) At the second meeting of the Council, 
in October 1966, a request was received from 
the then Minister of Mines and Technical 
Surveys for a review by the Science Council 
of Atomic Energy of Canada Limited’s 
proposal to construct an Intense Neutron 
Generator (ING). The Council organized a 
Committee to conduct this review and also 
agreed to conduct studies on

—R & D in Chemistry in Canada
—The Support of Research in the

Universities.
(14) At the third meeting of the Council, in 

November 1966, it was agreed that a study 
would be undertaken of the field of

—Basic Biology
(15) While the Science Council had 

encouraged the initiation of a series of “in
ventory studies” of activities in the various 
scientific disciplines, it was also conscious of 
the fact that one of its principal objectives 
was the formulation of an overall science 
policy which could be commended to the Fed
eral Government. The problems of articulat
ing such a science policy were actively dis
cussed by the staff for some time before the 
first formal discussion on this topic by the 
full Council in June 1967. These discussions 
have continued throughout the meetings that 
have followed and the first product of this 
work is Science Council Report No. 4 “To

wards a National Science Policy for Canada” 
which is attached to this brief as Appendix 
III.

(16) At the ninth meeting of the Council, in 
November 1967, it was formally reported that 
a study of Scientific and Technical Informa
tion, being jointly financed during its first 
year of operation by the Department of 
Industry and the Science Secretariat, was 
under way. The Science Council subsequently 
agreed to discuss the report of this study 
group, once it became available.

(17) Two studies, on
—the Earth Sciences
—Aeronautical R&D

were set in motion at the twelfth meeting of 
the Council in May 1968.

(18) The first round of studies indicated in 
Table I and nearing a completion with all but 
one of them scheduled to end by the Spring 
of 1969. Detailed planning of the next round 
of activities is already under way and will be 
discussed at length at the Fifteenth Meeting 
of the Science Council in November. The first 
Policy Report (Science Council Report No. 4) 
commits the Council to establishing task 
forces to be responsible for the preparation of 
specific recommendations to bring about the 
implementation of four new major programs. 
The Council will also be considering the need 
for any further inventory studies, to com
plete the picture of Canadian science which 
these disciplinary studies seek to provide.

(19) In addition to these studies, the Coun
cil will address itself to concentrated study of 
some of the many fundamental problems of 
science policy. Problems which must one day 
be tackled include the relationship of R & D 
to economic growth, the interaction of scien
tific activities in the principal sectors of the 
economy, means of stimulating industrial 
R&D, etc.

Funding
(20) Tables 2 and 3 indicate the expendi

tures to date on Science Council activities. 
Most’of the funds expanded have come from 
two sources—

(a) the vote of funds to the Science 
Council

(b) the allotment within the Privy 
Council Office budget for the operation 
of the Science Secretariat.

The major exceptions to this general pattern 
are the two cases, indicated in Table 3, in 
which other organizations have co-sponsored 
parts of major studies.
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TABLE 2
Expenditures on Science

(a) Science Secretariat
Operating Expenses

Council
1966-67

274,460

Activities
1967-68

375,710

1968-69

191,080

(b) Science Council Staff
Costs (Estimated as 75% 

of (a)) 205,850 281,780 183,310
(c) Science Council

Operating Costs 68,980 122,310 60,420
(d) Direct Cost of Studies 176,750 556,360 265,920

Estimated Total Cost of Science 
Science Council Activities 
((b) + (c) + (d)) 451,580 960,450 509,650

* To August 31, 1968 only.

(21) Since the creation of the Science Coun- the Science Council, principally in administer- 
cil, staff work for the Council has been per- ing the program of studies discussed earlier, 
formed by members of the Science and therefore it is judged appropriate that 
Secretariat in the Privy Council Office. Some 75% of the operating costs of the Secretariat 
members of the Science Secretariat staff have should be attributed to Science Council activ- 
devoted their full-time efforts to support of ities, in order that a realistic estimate be 
the Science Council, some have spent part- presented of the total annual cost of running 
time on Council business while others have the Science Council. Item (b) of Table 2 
been fully occupied by Secretariat duties records the cost of the staff assistance pro- 
which did not involve the Science Council. It vided by the Science Secretariat. These funds 
is estimated that about 75% of the total were provided from the Secretariat allotment 
efforts of the Secretariat were in support of within the budget of the Privy Council Office.

TABLE 3
Direct Costs of Studies for Science Council

Agriculture ............................
1966-67
71,770

1967-68
105,920

1968-69*
32,780

Basic Biology ....................... 5,310 73,170 69,150
Upper Atmosphere and Space . 22,900 4,100 —

Water Resources Research 2,850 70,510 10,160
Chemistry .............................. 45,000 35,000 2,190
Support of Research in 

Universities .......................
the

240 85,390 59,720**
Assessment of Intense Neutron 

Generator Proposal ................. 1,880 10,920
Physics .................................... 20,000 5,220 —

Scientific and Technical 
formation ............................

In-
104,950*** 62,510

Earth Sciences ..................... — — 11,720
Engineering Research......... — 32,800 7,890
Psychology .............................. 6,800 14,230
Transportation ..................... — 14,090 9,790

* To August 31, 1968 only
** Science Council paid $16,840 of this amount; the remainder was paid by 

Canada Council
*** Science Secretariat paid $57,680 of this amount; the remainder was paid by 

Department of Industry.
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(22) The Science Council Operating 
Expenses, funded entirely from the Science 
Council Vote, include the cost of conducting 
meetings of the Council and its Committees, 
travel expenses for members, remuneration 
to the Chairman, costs of publishing the 
Annual Report of the Science Council, etc.

(23) The costs for the various studies were 
charged in part to the Science Council vote 
and in part to the Science Secretariat budget 
for studies (except where otherwise noted). 
These costs include fees to consultants, travel 
expenses, salaries for research assistants, 
clerical and stenographic help, data acquisi
tion and processing costs, publication costs 
where applicable, etc.

(24) To arrive at accurate total costs for 
individual studies it would be necessary to 
add to the totals quoted in Table 3 an appro
priate share of the total quoted in Item (b) of 
Table 2, to take account of the cost of 
administering the studies.

(25) Tables 2 and 3 represent the best esti
mates of the cost of operating the Science 
Council and its studies, but it is recognized 
that some costs still have not been included. 
A number of Departments of the Federal 
Government have permitted members of their 
staffs to participate in the Council’s programs 
as members of study groups without charge 
to the Science Council. The Council wishes to 
gratefully acknowledge this valuable 
assistance.

Views on Science Policy
(26) A principal objective of the Science 

Council is the preparation of recommenda
tions to the federal government on the estab
lishment of a science policy for Canada. The 
first major step in this direction was the 
recent publication of

“Science Council of Canada Report No. 4 
Towards a National Science Policy for 
Canada”,

which is attached as Appendix III to this 
brief.

(27) This report attempts to lay the basis of 
a sound policy for the use of science and 
technology in the quest to realize Canada’s 
national goals. The fundamental principles 
laid out in the report are

(1) Canada must specialize in fields 
of science and technology which are im
portant to Canada instead of attempting 
to spread her available resources thinly 
across all of the frontiers of science.

(2) The bulk of new resources made 
available to science should be used to 
used to solve problems of economic or 
social importance.

(3) The available resources of funds 
and manpower should be allocated to the 
attempts to solve problems influenced 
by Canadian conditions and not to du
plicating activities being supported in 
other developed nations.

(4) The centre of gravity of Canada’s 
research effort should shift from govern
ment laboratories to industry and the 
universities.

(5) The future emphasis of Canada’s 
science should be placed more heavily 
on development and innovation rather 
than on research which is not carried 
through to implementation and use.

(28) The text of Science Council Report 
No. 4 should be taken as the central part of 
this brief.

Relationship with Federal Departments and 
Agencies, Industry and the Universities

(29) The membership of the Science Council 
is approximately evenly divided among 
representatives of government, industry and 
the universities and in establishing commit
tees and study groups the Council seeks to 
maintain representation of all interested sec
tors of the economy.

(30) Table 3 shows the distribution of 
members of Council and of Council Commit
tees, as well as study group leaders among 
the principal sectors.

TABLE 4—Distribution of Members Among 
Sectors

Federal Provincial In Uni
Public Public dus ver

Science
Service Service try sity

Council .. 10* 
Council Com-

0 9 10

mittees . **16 2 24 27
Study Group

Leaders .5 1 15
* Includes four Associate Members

** Individuals serving on more than one 
committee are counted once for each com
mittee on which they serve.

(31) As indicated in paragraph (3), the 
Council is permitted to utilize the services of 
officers of any department of Government. To
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date staff assistance has been obtained from 
the Science Secretariat, the Departments of 
Industry, Energy, Mines and Resources, and 
Indian Affairs and Northern Development 
and from the National Research Council. The 
Council looks forward to continued close rela
tionships with all departments of government.

Publications
The following publications have been 

issued by the Science Council.
Science Council of Canada, First Annual 

Report, (June 1967), Second Annual 
Report, (June 1968)

Science Council of Canada, Report No. 1, A 
Space Program for Canada (July 1967) 
Report No. 2, The Proposal for an Intense 

Neutron Generator, Initial Assessment 
and Recommendations (Dec. 1967) 

Report No. 3, A Major Program of Water 
Resources Research in Canada (Sept. 
1968)

Report No. 4, Towards a National Science 
Policy for Canada (Oct. 1968)

In addition to these documents the Science 
Secretariat has published a series of reports 
prepared for consideration by the Science 
Council. These are

Science Secretariat, Special Study No. 1— 
Upper Atmosphere and Space Programs 
in Canada (Feb. 1967)

Science Secretariat, Special Study No.
2— Physics in Canada—Survey and Out
look (May 1967)

Science Secretariat, Special Study No.
3— Psychology in Canada (Sept. 1967)

Science Secretariat, Special Study No.
4— The Proposal for an Intense Neutron 
Generator—Scientific and Economic Eval
uation (December 1967)

Science Secretariat, Special Study No.
5— Water Resources Research in Canada 
(July 1968)

Science Secretariat, Special Study No.
6— Background Studies on Science Policy: 
Projections of R & D, Manpower and Ex
penditure (in press)
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ANNEX I

MEMBERSHIP LISTS FOR 
SCIENCE COUNCIL COMMITTEES

In the following lists, members of the Science Council are referred to by name only. 
Non-Science Council members serving on these Committees are listed by name and 
title.

Science Council Committee 
on Support of Research in 

the Universities 
Chairman: Dr. Roger Gaudry

Members:
Dean W. M. Armstrong

Dr. Walter H. Johns,
President,
University of Alberta,
Edmonton, Alberta.
Dr. G. Malcolm Brown.
Professor J. E. Hodgetts, 
Principal, Victoria College, 
University of Toronto,
Toronto, Ontario.

Professor Malcolm M. Ross, 
Department of English,
University of Toronto,
Toronto, Ontario.

Professor A. E. Safarian, 
Department of Political Economy, 
University of Toronto,
Toronto, Ontario.

Dr. H. E. Fetch

Dr. Francis Leddy,
President,
University of Windsor,
Windsor, Ontario.

Professor Jacques Brazeau, 
Department of Sociology, 
University of Montreal, 
Montreal, Que.
Professor William Mackey, 
Director,
International Research Centre 

for Bilingualism,
Department of Agriculture, 
Laval University,
Quebec City, Que.
Dr. L. H. Cragg,
President,
Mount Allison University, 
Sackville, N.B.
Dr. W. G. Schneider,
President,
National Research Council
Mr. G. G. E. Steele, 
Under-Secretary of State, 
Secretary of State Department, 
Ottawa, Ontario.
Dr. J. R. Weir
Dr. O. M. Solandt,

(Ex Officio)

Members:
Dean W. M. Armstrong 
Dr. William H. Gauvin 
Dr. G. N. Patterson 
Dr. H. E. Fetch

Members:
Dean W. M. Armstrong 
Dr. W. H. Gauvin 
Dr. Leon Katz

Science Council Committee 
on Engineering Research 

Chairman: Mr. P. R. Sandwell

Dr E. R. Rowzee 
Ex Officio:
Dr. O. M. Solandt 
Dr. Roger Gaudry

Science Council Committee on 
Physics and Chemistry in Canada 

Chairman: Dr. H. E. Fetch

Mr. Roger Larose 
Dr. G. N. Patterson 
Dr. R. J. Uffen
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Science Council Committee on 
Agricultural Research 

Chairman: Dean L. H. Shebeski
Dean J. W. Ker 
Mr. A. D. Turnbull
Dr. G. F. Clarke,
Vice-President,
Canada Packers Limited,
2200 St. Clair Avenue West,
Toronto 9, Ontario.
Mr. David Kirk,
Secretary,
Canadian Federation of Agriculture, 
111 Sparks Street,
Ottawa 4, Ontario.

Mr. Charles Gibbings,
President,
Saskatchewan Wheat Pool,
Regina, Sask.
Dr. Bertrand Forest,
Director,
Quebec Agricultural Research Council, 
Quebec City, Que.

Science Council Committee on 
Scientific and Technical Information

Members:
Chairman: Dr. Leon Katz

Mr. J. D. Moulding 
Dr. W. H. Gauvin 
Dr. G. M. Brown 
Dr. J. D. Wood 
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September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
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light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
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(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the Federal 
Government in the fields of physical, life and human sciences;
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out by individuals, universities, industry and other groups in the three 
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the structural organization of a dynamic and efficient science policy for 
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That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE

Ottawa, Wednesday, November 20, 1968.

The Special Committee on Science Policy 
met this day at 3.30 p.m.

Senator Maurice Lamontagne (Chairman) in 
the chair.

The Chairman: Honourable Senators, I 
would like first to express the gratitude of the 
members of the committee to Dr. Laurence, 
Dr. Dewar and Monsieur Hamel for the spirit 
of co-operation they have shown. The Atomic 
Energy Control Board was supposed, as you 
all know, to appear before the committee ear
lier but agreed to delay its presentation when 
we decided to prolong our discussion with the 
representatives of the Science Council. Dr. 
Laurence and his colleagues then accepted 
to come before us on November 21, that is 
tomorrow afternoon, but when it was found 
more convenient to the committee to hear the 
Department of Agriculture tomorrow, the 
Atomic Energy Control Board accepted again 
to accommodate us and to appear this 
afternoon.

I am sure that all members of the commit
tee are very grateful to the Board for this.

Senator Grosarl: Hear, hear.

The Chairman: Now, I have discussed our 
proceedings for this afternoon with Dr. Lau
rence and his two colleagues and we have 
agreed that the brief which was sent to us by 
the Board would be taken as read, because 
this I am sure will save time and since we 
have only the afternoon to discuss the content 
of the brief I am sure that this will be suita- 
to the members of the Committee.

In addition to the brief, I understand that 
Dr. Laurence would like to make a brief 
opening statement and then we will have the 
usual discussion period.

Dr. G. C. Laurence, President, Atomic 
Energy Control Board: Mr. Chairman, 
Honourable Senators, may I first of all intro
duce to you my colleagues.

Dr. Dewar, on my right, is our senior 
Scientific Adviser; he has been with the 
Board since practically the beginning. There 
is probably nobody in Canada who is better 
informed on the ramifications and the intrica
cies of the control and administration of 
atomic energy in Canada than Dr. Dewar.

Mr. Hamel, on my left, has been with the 
Board since 1959; he has been in the atomic 
energy activities since 1952 and he is familiar 
with all of the aspects of our work.

Mr. Chairman, I am very conscious of the 
privilege and honour of appearing before this 
Committee. I have been watching its proceed
ings since you began and I must say I have 
been most impressed with your success in the 
very important objective of exposing to dis
cussion all the aspects of research administra
tion through government assistance in 
Canada.

I should be most happy to be of any help 
that we can in supplying information to aid 
you in your discussions.

As you suggested, Mr. Chairman, I will not 
attempt to go through the brief; may I though 
just take a moment to call your attention to 
its form: it is divided into three parts. The 
first part deals with the organization and the 
main functions of the Atomic Energy Control 
Board and, as you have no doubt seen in 
reading it, the Board is concerned mainly 
with regulatory activities in the atomic 
energy field. Its powers in this regard are 
exercised mainly in the interests of national 
security, to make sure that atomic energy 
materials and equipment do not find their 
way into unfriendly enemy hands and are 
used only for peaceful purposes.

Also in the interest of safety to ensure that 
these dangerous materials and the radioactive 
substances which are produced through their 
use are handled in a safe way.

The Board itself is not engaged in research, 
but it is one of the agencies through which 
the federal government gives support to 
atomic energy research in the universities.
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Most of the details concerning that which we 
are presenting to you are given in the second 
and third appendices of the report.

The Atomic Energy Control Board, as I 
said, is not itself engaged in research, but it 
is very much dependent on the assistance it 
can get from the scientists in other govern
ment departments. This we have discussed, 
indeed in response to one of the questions in 
your guide, Mr. Chairman, where you express 
an interest in the interdependence of gov
ernment departments in the scientific field; 
Part II, as I say, deals with the aid which 
we get from these other departments.

Now, the Board through its regulatory 
activities is in close association with all the 
atomic energy activities in this country and it 
therefore has had, if you like, a ringside seat, 
in watching the progress of atomic energy 
research and development in Canada. It is a 
ringside seat which also gives it perhaps a 
certain objectivity through not being directly 
involved, so we thought it might be of 
interest to you if we made some comments on 
the difficulties which are encountered in 
atomic research, particularly in industry, so 
that is the subject matter of Part III.

My colleagues and I would be most happy 
to respond as best we can to your questions.

The Chairman: Thank you very much, Dr. 
Laurence. Now we will proceed with the 
usual question period; Senator Grosart will 
initiate the discussion.

Senator Grosart: Dr. Laurence, first of all I 
would say it is a most interesting brief that 
you have given us and I am sure it will give 
rise to some interesting questions from 
members of the Committee. They are not all 
here at the moment, because the Senate is 
sitting and we have to divide our energies, 
but I assure you this is not any indication of 
any lack of interest in this very, very impor
tant subject.

I would like to start my questioning by 
asking you, if you will, to place Canada and 
the Board in the international context. Per
haps you would tell us, for example, what is 
the present status of the non-nuclear treaty— 
I understand that it requires the signatures of 
40 countries in addition to the depository 
powers, the UK, the USSR and the US—and 
the effect that the ratification of that treaty 
by Canada will have on the work of your 
Board?

Although I recognize the fact, of course, 
that at the moment your responsibilities are

mainly in the domestic field and I know 
Senator Yuzyk is going to follow me with 
some direct questions in that area, in spite of 
that fact I think your Board is going to be 
much more involved internationally after that 
treaty comes into effect than you are at the 
moment. You indicate this, I think, in sec
tions 12 and 13, where you mention the Inter
national Atomic Energy Commission and the 
treaty itself.

In answering I wonder, because we are lay
men here, would you also define some of the 
particular jargon of this subject. Some of us 
have difficulty in understanding some of the 
niceties.

For example, why the emphasis on the 
explosion of fissionable material? The treaty 
seems to bar the explosion factor, even for 
peaceful uses and yet in one section of the 
treaty there seems to be a contradiction, 
where it indicates that under certain condi
tions explosion may be allowed by non
nuclear weapons countries, assuming they 
abide by the regulations of the International 
Commission.

I think we would be interested in knowing 
what application the regulations of the Inter
national Commission have to Canada at the 
present moment; do they go beyond the 
weapons stage? To what extent do they con
trol our own activities in producing fissiona
ble material sources that could be used by 
another country in the weapons field?

These are a few indications of the kind of 
information I think would help us put this in 
context, because there is going to be a very 
different picture once this treaty is in effect.

I might say that it seems to me a question, 
and I also wonder why, and perhaps you can 
enlighten us on this, why Canada is prepared 
to put itself permanently in a non-nuclear 
weapons positions when other countries who 
may not sign, I might think of North Viet
nam, are we prepared to bind ourselves for 
25 years to a limitation in the nuclear field 
that might not be imposed, that North Viet
nam might not be bound by?

I hope that indicates the broad area of the 
context that I have in mind that will help us 
to get into the domestic control aspect of your 
work, as well as the international?

Dr. Laurence: Mr. Chairman, that is rather 
a broad area. As you will appreciate, I am 
sure, it is difficult for me to say very much 
about the thinking and reasoning behind the 
policy adopted by our government.
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Perhaps I can speak with a little more 
knowledge in discussing the questions of how 
it would involve our Board.

First of all, I would remind you of our 
policy as expressed by the then Prime Minis
ter in 1965 regarding the export of nuclear 
materials.

If I may quote:
Export permits will be granted, or 

commitments to export permits will be 
given with respect of sales of uranium 
covered by contracts entered into from 
now on.

This is June 3, 1965:
Only if the uranium is to be used for 

peaceful purposes. Before such sales to 
any destination are authorized the gov
ernment will require an agreement with 
the government of the importing country 
to ensure with appropriate verification 
and control that the uranium is to be 
used for peaceful purposes only.

Well, there has been some clarification and 
elaboration of that principle since then, but 
that has essentially summarized fairly briefly 
our policy.

Now, this means that uranium is not 
exported to another country without an 
arrangement with the government of that 
country whereby the material, first of all, 
that there is a guarantee that it will be used 
for peaceful purposes only, and there is 
provision for inspection to confirm that it is 
indeed not being diverted to a military use.

The Chairman: Are there any exceptions to 
this general rule?

Dr. Laurence: There is one exception that 
is the result of contracts entered into before 
this statement was made. There are, as you 
know, some very old contracts for shipment 
to the British government which did not call 
for any safeguard measures; this was a natu
ral outcome of our very close association with 
the United Kingdom and the United States as 
wartime partners; it followed on from that, 
but in so far as any new contracts are con
cerned with any country outside the Canadian 
boundaries whatever, except for that excep
tion the policy is that there should be appro
priate inspections and other safeguards.

Senator Grosarl: And that is the responsi
bility of your Board?

Dr. Laurence: It is our Board in some 
instances to carry out on behalf of the 
Canadian government such inspection.

There are some circumstances where the 
agreement calls for inspection by the Interna
tional Atomic Energy Agency, you know, the 
body which was set up some 12 years ago 
and has its headquarters in Vienna.

There also may be undertakings involving 
inspection by the inspection arm of EURA
TOM, the atomic energy aspect of the organi
zation that was brought into being by the 
treaty of Rome.

Senator Thompson: Could a country have 
an already-existing pile of uranium and then 
when you enter into negotiations the uranium 
that you then sell them, could they sell 
the existing pile for other than the areas, 
which your contract permits?

Dr. Laurence: There are certain restrictions 
involved in the agreements with these coun
tries regarding the disposal of the uranium.

In general I think I am right in saying that 
in every case no transfer to another power 
can take place without prior consultation with 
the Canadian authorities and, of course, that 
uranium is limited to peaceful purposes.

Senator Thompson: But that is the transfer 
of the uranium that you sell them, but not 
what they might already have?

Dr. Laurence: We have no control or means 
of control over uranium that they already 
have, naturally.

Senator Thompson: So that the situation 
could arise that you would sell them uranium 
in order that they could dispose of an existing 
pile of uranium?

Dr. Laurence: I am sure that we would not 
do it in order that they could so do.

Senator Thompson: No, I appreciate that, 
but it could happen?

Dr. Laurence: It could happen that it would 
make it easier for them to pursue both a 
military program and a peaceful program, 
but so far as any uranium that we supply is 
concerned, it has to be limited to the civil 
program.

Senator Belisle: It is also possible for a 
country who decides that they do not want to 
pursue or use the uranium that they have 
that they can sell to another country?
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t_ ator Grosart: No.

Dr. Laurence: Not the uranium which we 
supply; it could not be sold to another coun
try without consent.

Senator Belisle: It has to be returned to the 
original supplier, or a new agreement has to 
be made?

Dr. Laurence: They can continue to use it 
for the purposes for which it its supply was 
made under the agreement, but it cannot be 
diverted to another purpose without consent.

Senator Belisle: But it is possible through 
another country?

Dr. Laurence: No, it is not possible through 
another country without consent and such 
consent so far as I know has never been 
given; it would certainly be a question which 
would be one for Cabinet decision.

The Chairman: Would you go on with 
explaining the role of the Board?

Senator Grosart: Tne International Agency, 
its role I was particularly interested in?

Dr. Laurence: The Atomic Energy Control 
Board’s officers are in fact the scientific 
advisers of the Department of External 
Affairs in the negotiations in this field of 
atomic energy. Because of its necessarily 
technical and scientific nature this has 
involved them directly in a good deal of the 
discussion and negotiations, but always in an 
advisory capacity, of course.

The Board’s officers, as we mentioned, do 
undertake inspections abroad where the 
agreement which we have with the receiving 
nation says that it is under Canadian 
safeguards.

The question was raised, I think, Senator, 
regarding our role under the non-prolifera
tion treaty?

Senator Grosart: Yes.

Dr. Laurence: The non-proliferation treaty 
requires of such of its signatories that are not 
themselves nuclear weapon powers that they 
abstain from the acquisition of such military 
capacity, nuclear military capacity and also 
that they submit all atomic energy activities 
within their territory to inspection by the 
International Atomic Energy Agency.

This means then, of course, that Canada in 
signing that treaty would be accepting the 
inspectors of the International Atomic Energy

Agency in its atomic energy facilities in this 
country.

Now, I fully expect that the Board will be 
very much involved in this activity in order 
to act as a kind of liaison between the opera
tors of our facilities and the inspection agen
cies and I hope that we would be able to 
fulfil this role in a way which would ease the 
problem for the operators of these plants by 
organizing the information and so on, and 
assisting the international inspectors in ways 
which will mean that they will not be quite 
so much an intrusion and create quite so 
much interference as the operator might 
otherwise fear in the normal operation of a 
plant.

Senator Grosart: When you speak of mili
tary capacity in this field, what is the test say 
in relation to explosion? This seems to be the 
key word throughout the treaty.

Dr. Laurence: Yes; in that treaty as you are 
reminding me, the non-nuclear power signato
ries undertake also that they will not develop 
a capability for peaceful nuclear explosions 
and the reason for that is that the technology 
of the peaceful nuclear explosion, the devel
opment of the device is identical with that of 
the creation of the bomb.

Senator Grosart: How much of a limitation 
is this on the peaceful development of atomic 
materials for energy and other purposes?

Dr. Laurence: There are those who feel that 
there are important commercial and industri
al possibilities through the use of these 
nuclear materials as an explosive, such as for 
digging large ditches. For example, the possi
bility of building a new dam across the Pana
ma Isthmus has been suggested; the creation 
of harbours, certain kinds of mining opera
tions, and so on.

There are some problems in this and there 
are differences of opinion as to the ultimate 
value and practicability of this.

As I say, there are differences of opinion; 
some feel that it is quite important and those 
who are involved in the development of this 
capability are, of course, its strongest 
proponents.

Senator Grosart: I do not want you to real
ly comment on this, but I would just like to 
say at this point that it raises a doubt in my 
mind as to whether we are not facing an 
unnecessary limitation of what might be a 
very important aspect of the industrial devel-
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opment of atomic materials in Canada vis-a- 
vis other countries who may not sign.

We know there are a good many who are 
not going to sign and with whom we might be 
in competition in the general race for eco
nomic survival.

Dr. Laurence: It should be appreciated, Mr. 
Chairman, that the non-proliferation treaty 
does not deny to these states the possibility of 
benefiting from this use of atomic energy. 
Indeed, it makes quite clear an undertaking, 
and the background of discussion in Geneva 
and so on makes quite clear an obligation on 
the part of those who possess this facility, to 
make it available without discrimination to 
other nations, so that nobody is being denied 
these commercial possibilities in this regard 
except in so far as the actual sale of the 
services might be concerned, and in that 
limited area possibly one might feel that one 
was handicapped, but so far as benefiting 
from this possibility, the benefit is there.

The non-proliferation treaty does not deny 
it to them.

The Chairman: So that we might ask India 
to come to Canada and have an explosion for 
peaceful purposes?

Senator Grosart: Perhaps I can read section 
2 of article 3 of the treaty, which is rather 
interesting, because it is obviously carefully 
worded, perhaps too carefully worded:

Each state party to the treaty under
takes not to provide (a) source or special 
fissionable material, or (b) equipment or 
material especially designed or prepared 
for the processing, use or production of 
special fissionable material to any non
nuclear weapons state for peaceful pur
poses unless the source or special 
fissionable material shall be subject to 
the safeguards required by this article.

Just what does that mean? Does it mean that 
one nation that has exploded fissionable 
material for peaceful purposes may under the 
International Agency regulations come to 
Canada and say you cannot do it, but if we 
can get permission from the International 
Agency we will blow up some earth for you 
for the Prince Edward Island causeway?

Is this what this means, or is it a fair 
question? I do not know whether it is in your 
ambit to study this.

Dr. Laurence: Perhaps the best way to 
reply to that question is to consider what

would happen if we wanted to move some 
earth, let us say for the Prince Edward Island 
causeway.

The detail of this has not been spelled out, 
but in general it would probably involve the 
assistance of one of the nuclear power states, 
the United Kingdom, the United States, 
France, in doing this for us, and it would be 
done under certain controls to make sure that 
those materials which are brought in for that 
purpose are used indeed for that purpose and 
are not developed to a military end.

What we would pay for it, it is understood, 
it is the intention that that would be on a 
purely cost basis, that there would be no 
unreasonable profits to the people that did it, 
but the service would be available to us.

Senator Grosart: One more question; I have 
a good many questions, but I am going to 
pass and let others have an opportunity to 
ask their questions: are there existing regula
tions under the International Agency applica
ble to Canada or other countries in the peace
ful development field?

Perhaps I can put it another way, that 
throughout your brief you indicate what you 
are doing in setting safeguard standards. Are 
these purely Canadian standards, or are there 
international standards in the peace-using 
field; I am not speaking of the weapons field?

Dr. Laurence: In our signature to the Inter
national Atomic Energy statute, we have 
undertaken, of course, to support it and the 
ends for which it stands, in particular the 
encouragement of the peaceful uses of the 
atomic energy throughout the world and the 
other principles laid down in the statute, 
which includes a responsibility to make sure 
that through that agency no aid is given to 
another nation without necessary adequate 
safeguards that it will be used only for peace
ful purposes.

Now, this means certain safeguarding 
procedures; the International Agency has set 
up committees of experts to advise us in this 
regard. Canada has contributed to these dis
cussions through officers of the Board. They 
have developed a set of procedural rules for 
this safeguarding, that is to say, basic 
principles.

These principles of the International Agen
cy, these safeguards are principles of the 
International Agency, because they are ac
cepted by that agency, have a certain inter
national status; they are recognized as sound
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safeguarding principles. Hence in our own 
safeguarding under those arrangements where 
we are supplying uranium and so on to 
another nation under a bilateral agreement 
which calls for safeguarding by Canadian 
officials, we are guided by these international 
principles. We take them as the pattern which 
we shall follow.

Senator Grosart: But do they apply in 
Canada? Are we required to live up to cer
tain standards of non-pollution, non-radiation 
standards, and so on? Are we required to live 
up to any international standards?

Dr. Laurence: No, we are under no obliga
tion by any international agreement.

Senator Grosart: That is all for now, Mr. 
Chairman.

Senator Thompson: Could I just follow up 
on that question?

The Chairman: If it is supplementary, 
because Senator Yuzyk is waiting.

Senator Thompson: Yes, it is supplemen
tary, really, to that, because you are a regula
tory body and with this world inspection, if 
you set up a nuclear power plant, assuming 
the affluent in the stream or something is 
higher than you think is satisfactory for the 
safety of the population, you have no au
thority, or your inspectors, to close that plant 
down; am I right in that?

Dr. Laurence: Oh, certainly we have.

Senator Thompson: Under what basis? 
Under international standards?

Dr. Laurence: No, under our own laws.
Senator Thompson: No, I am talking about 

not here, but if you are helping India to set 
up a plant, or if you are invited somewhere 
else to do it?

Dr. Laurence: No; we would have no au
thority there, either under or not under the 
international non-proliferation treaty.

Senator Thompson: So that when we set up 
a power plant somewhere there are no guide 
lines for inspectio nto ensure the safety of the 
population in that area?

Dr. Laurence: Unless that has been special
ly arranged as a service.

One should here make clear distinction 
between the inspection of a plant to ensure 
safety from the hazards of radiation and safe
guards to ensure that materials are not being

misused for military purpose, or developed 
to such an end.

These are two quite distinct reponsibilities.

Senator Thompson: Well, I was following 
on Senator Grosart’s question, ini which I 
think he brought up, it was the second area 
of safety, when you are putting it in for civil
ian purposes, but the precautions to ensure 
that an affluent and other sources of radioac
tivity is not harmful to the population.

As I understand it there are no internation
al laws with respect to that.

Dr. Laurence: No, I cannot think of any
thing; no, there are no international obliga
tions.

Of course, throughout the world certain 
basic standards are recognized. There is a 
body of very long standing, the International 
Committee on Radiological Protection, which 
goes back to 1924. It was recognized as the 
authority to lay down guiding rules as to 
what we should regard as a non-acceptable 
hazard, a non-acceptable danger in the matter 
of radiation exposure.

Senator Thompson: I do not want to take a 
lot of time, but do you not feel, as the regula
tory body for Canada, that this is something 
we should be pushing for?

Dr. Laurence: I think that we should recog
nize the same standards throughout the world 
and in so far as the fundamental basis of 
these standards is concerned, that is in fact 
true today, but what is spelled out in regula
tions with statutory authority behind it in 
different countries is a different matter.

Senator Belisle: To your knowledge, doctor, 
was there any case, or any attention brought 
to the world court at The Hague regarding 
these matters?

I am speaking of the justice court which is 
under the world, or the United Nations?

Dr. Laurence: I think I am right in saying 
that there has never been an occasion where 
such a matter has been brought before that 
court.

This, Mr. Chairman, I presume would 
depend on if there had been some treaty that 
it would appear had been violated; I am not a 
lawyer, but I would think that this would be 
the case.

Senator Grosart: Mr. Chairman, on that 
perhaps I think we might consider calling at
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the appropriate time the atomic agency con
trol department or section in External Affairs.

I know you have very close relations with 
them, but perhaps this question should be 
asked of them.

Senator Yuzyk: I have about three ques
tions: one, I want to quote right from your 
brief, because I think this is very important 
and that is about the Atomic Energy Control 
Board:

Its chief purpose is to control nuclear 
and radioactive materials and nuclear 
energy equipment in the interest of 
national security and of safety from 
radiation hazards.

This is a very grave responsibility and, of 
bourse, I think the people of Canada would 
want you to be as effective as possible in 
carrying out this aim and that is why I will 
be asking some of these questions.

First of all, about the organization itself, I 
note that there are five persons here that are 
members of the Board and my question is 
this, I have two questions regarding this: 
Why only five members of the Board, par
ticularly when we have to keep in mind that 
the uses of nuclear energy are expanding ter
rifically and it will need probably much more 
attention than five?

Another, that some of the members of this 
Board, particularly Dr. Gray, president of the 
Atomic Energy of Canada, and Dr. Schneider 
is on the Board, president of the National 
Research Council, are in the same body con
trolling themselves, so to speak, and there are 
only three others who could probably, if they 
had a different point of view regarding cer
tain hazards and what should be done, the 
other three might find themselves in a weaker 
position to do something about it.

The Chairman: I think, Senator, if you 
want to pursue this line of argument you 
could also add Mr. Gilchrist, who is the presi
dent of Eldorado Nuclear Limited.

Senator Yuzyk: That is right; Mr. Gilchrist, 
too, because in these hazards and safety they 
are involved and their activities would be 
involved too, and their operations, so my 
question is this: why, since the public is very 
much concerned, the common citizen, why is 
there not some representation from the citi
zens on such a board?

Another: since your Board is involved with 
the universities right throughout the country, 
why is there not any representation from the

universities and thus in bringing this matter 
up I would think that there would be a wider 
representation to discuss these problems and 
make important decisions?

That is the first question.

Dr. Laurence: I suppose the quick answer, 
Mr. Chairman, is that the Atomic Energy 
Control Act specifies that there should be five 
members. At the time that that act was 
passed it was expected that the Board would 
play a much more important role in advising 
the government on all aspects of atomic ener
gy matters than it does in reality now.

Its functions have become somewhat more 
specialized and restricted since then. So they 
designated for the Board persons whose 
official responsibilities were such that they 
would be best informed on the important 
aspects of atomic energy matters which is, as 
you realize, a highly specialized, a highly 
technical subject.

There are advantages in small size, as you 
well know, in endeavouring to get a commit
tee together for any purpose.

There was also mentioned the question of 
university association.

Senator Yuzyk: And citizens.

Dr. Laurence: I was going to remark that 
until recently Mr. Gaudefroy was Dean of the 
Ecole Polytechnique in Montreal and did 
bring that university representation directly 
to us.

The Board in its discussions is concerned 
mainly with very broad principles of policy. 
The questions which you are raising, details 
of safety, and so on, the Board would not be 
expected to get into that kind of detail. The 
provision that we have for that is through 
advice by advisory committees, which do 
make provision for local representation, pro
vincial representation. Even the municipal 
officer of health is brought into the discus
sions of our Reactor Safety Advisory 
Committee.

That committee really is a very powerful 
body; the Board has never gone against its 
recommendations that I can recall, and I 
think it would hesitate a long time to do so.

So there is that representation of the people 
immediately affected on the level where it is 
important.

The Chairman: What is the membership of 
that committee?
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Senator Yuzyk: Yes, we did not have that 
specified at all and I am very glad that you 
brought this in.

Senator Thompson: Just while you are 
looking for those members, could I come 
back: Senator Yuzyk had read out your prior
ity of purpose and surely that is, if I could 
just quote again from page 1:

—the interest of national security and of 
safety from radiation hazards.

Again accepting how technical this area is 
and that there are not a large number of 
people, it is almost like a manufacturer of an 
aircraft being the inspector of the safety of 
the aircraft to me. With the deepest respect 
for the sincerity of these people to the public 
and to myself there would be a question of 
how really objective they can be at times in 
saying that this really is not satisfactory to 
the public.

I think, for example, of Port Hope, where 
you have some young university professor 
coming out and suggesting that there is dan
ger for the people working in Port Hope from 
the radioactive material.

Dr. Laurence: Again this is a question of 
detail in administration which hardly would 
come up for discussion in a meeting of the 
Board. The Board would concern itself with 
broad principles of policy. Whether or not, 
for example, we should continue to be guided 
by the basic principles outlined by the Inter
national Committee on Radiological Protec
tion, a broad policy consideration of that 
kind, that kind of policy question.

What we have been discussing here are 
matters of administrative detail and I think 
the question of providing adequate protection, 
really the responsibility there rests on the 
Board’s staff and on the administrative head 
of that staff to make sure that we do our job.

The Chairman: I know that you are not 
responsible for these appointments, Dr. Lau
rence, but it seems to me a little bit awkward 
that in this case the people who are supposed 
to be supervised and regulated find them
selves also in the position of supervisors and 
regulators.

Even if, as you say, the Board itself is 
concerned only with the broad and basic 
principles of policy, it seems to me that they 
are quite important too, and in terms of a 
conflict of interest I am sure that there is no 
actual conflict of interest there but in 
terms of organization and division of labour it

seems at least awkward to me that we find 
these people on your Board.

Dr. Laurence: I can only say, Mr. Chair
man, that I have never been conscious of any 
reason for embarrassment of this kind from 
the point of conflict of interest.

Of necessity many of the members of the 
Advisory Committee on Reactor Safety are 
scientists who are employees of one of these 
organizations you mentioned, Atomic Energy 
of Canada Limited.

I say “of necessity” because at least until 
recently there were no other scientists of 
comparable competence in these specialized 
fields in Canada; this was the best advice that 
we can get.

I myself have retained the chairmausnip of 
that committee, so I am very familiar with its 
activities and if there are any of its members 
who are most careful to be objective in their 
judgment it is those who feel that they are in 
that conspicuous position.

This has never been to my mind a cause 
for any concern.

The Chairman: Perhaps we could get the 
list of the members of the committee.

Dr. Laurence: This is the Reactor Safety 
Advisory Committee, the committee which 
advises the Board on whether it will accept a 
certain site for the location of a reactor, 
whether its design is satisfactory or not, as to 
whether the operational procedure is satisfac
tory or not.

May I interpolate here before I go on to the 
list that this committee is a very hard work
ing committee and the staff which is behind it 
goes into the design and the operating proce
dure of these plants with very great care and 
their discussions in the meetings have led to 
quite important changes in the design. It is an 
effective committee: it is no mere rubber 
stamp. This I want to stress.

Now, to come to the composition: myself as 
chairman; Dr. Booth, who is of the Depart
ment of National Health and Welfare; Dr. 
Davis, of the Defence Research Board; Mr. G. 
M. James, who is the Manager of the Opera
tions Division of Atomic Energy of Canada 
Limited at Chalk River; Dr. Larkin, National 
Research Council; Dr. C. A. Mawson, of 
Atomic Energy of Canada Limited; Mr. N. S. 
Spence of the Department of Energy, Mines 
and Resources; Dr. C. G. Stewart of Atomic 
Energy of Canada Limited; Mr. Boyd of our 
own staff is the secretary.
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Now, that is the basic standing committee, 
but it is our practice that where a proposed 
plant in a particular province comes under 
consideration, or a particular location comes 
under consideration, to bring in the appropri
ate provincial officers and local officers. So we 
have members for Ontario Reactor Projects, 
which include Dr. Leppard of the Ontario 
Department of Health; Mr. Gibson, of the 
Ontario Department of Labour; Mr. H. A. 
Clarke, Division of Industrial Wastes, Ontario 
Water Resources Commission.

For the Quebec Reactor Projects: Dr. R. 
Bourassa, Chief Medical Officer, Division of 
Industrial Hygiene, Quebec Department of 
Health, Montreal; Mr. Aumont, Physicist, 
Division of Industrial Hygiene, Quebec 
Department of Health; Mr. Lapointe, Techni
cal Services, Quebec Department of Labour, 
Quebec.

Members particularly for the NPD Project, 
that is the one as you know up the Ottawa 
River near Chalk River: Dr. R. Bourassa, who 
I mentioned before; it is a Quebec member 
here because there is a considerable territory 
of Quebec adjacent and the province of 
Ontario is also represented.

Member for the McMaster University Pro
ject: Dr. Wells, Medical Officer of Health, 
Hamilton.

Member for the Douglas Point Project: Dr. 
D. R. Allen, Director and Medical Officer of 
Health, Bruce County Health Unit, 
Walkerton.

Members for Pickering Project: Dr. A. R. J. 
Boyd, Medical Officer of Health, Administra
tion Services, Toronto; Dr. C. M. Hoffman, 
Medical Officer of Health, Ontario County 
Health Unit, Whitby.

That completes the list, Mr. Chairman.
(A short recess.)

UPON RESUMING

Senator Yuzyk: Pursuing the same theme I 
would like to ask Dr. Laurence and the other 
members whether you would be opposed to 
an expansion of the Board by two members 
to make it more representative and from my 
point of view even more effective in the 
future?

I think there are members in our own 
Committee who are very much interested in 
the effectiveness of this Board and in asking 
these questions we like to get your opinions 
too, if it does not jeopardize your position.

Dr. Laurence: Well, Mr. Chairman, my own 
feeling is that we want to have as effective 
and as efficient a committee as we can con
ceive for the purpose.

The Chairman: Were you speaking about 
the Board or the Committee?

Senator Yuzyk: No, I am talking about the 
Board actually; as I brought out, there are 
three who are involved and yet they are the 
ones who are to be inspected too, and the 
other two are not.

Dr. Laurence: First of all, Mr. Chairman, 
might I remark that the inspection of these 
agencies to which you refer represent only I 
would say a minor part of the inspection, 
only a minor part of the Board’s activities.

The Board’s activities extend far beyond 
those boundaries; there is all the inspection 
which is involved to ensure that radioactive 
materials are used in a safe way; there is our 
involvement in safeguarding abroad, and so 
on. It is true of two nuclear power stations, 
three in fact, that Atomic Energy of Canada 
Limited has played a quite important part in 
the design of these plants and that has been 
subject to review by our committee, but I do 
not think anyone who has been involved in 
this safety inspection would claim that our 
safety committee has been any more lenient 
for that reason.

Senator Yuzyk: I am not casting any asper
sions on the present Board; I am just think
ing of the future, that we could get into 
situations that could create problems right 
within the Board itself and that is why I 
asked the question.

I was wondering whether you would be 
opposed to any such recommendation, if we 
made it; I am not saying that we are going to 
make it.

Dr. Laurence: One of the things that occurs 
to me, of course, is the ever-present difficulty 
of getting a large committee together; we 
always have difficulty, even with a five-mem
ber committee.

There is also the fact that the present 
members of the committee do have considera
ble background in the atomic energy field and 
this, I think, expedites their work very 
considerably.

Senator Yuzyk: You would be satisfied with 
the present set-up?
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Dr. Laurence: I would be satisfied, yes; if 
there was any enlargement at least I would 
hope that they would be people who had con
siderable background in atomic energy tech
nology.

Senator Yuzyk: Now, if I may ask, how 
often do you meet?

Dr. Laurence: By law we must meet three 
times a year, and we barely make it.

Senator Yuzyk: And how long do you sit 
when you do meet; how many days?

Dr. Laurence: It may run from three hours 
to most of the working day.

Senator Yuzyk: And you can dispose of 
most of the business before you?

Dr. Laurence: Yes; the chairman has to 
keep pushing to get through with it.

Senator Grosarl: From some of the evi
dence we have had concerning other boards, 
some of us have reached the conclusion that 
one of the deficiencies that may be operating 
against their total effectiveness is the fact 
that they are part time boards. The Science 
Council, for example,—here we have a coun
cil or a board in your case which has this tre
mendous responsibility; it is a part time 
board, some of its members; it meets three 
times a year.

Can this be effective? Can a part time 
board do this job? I would not want to accept 
the responsibility as a part time member of 
this board, because it is a terrible 
responsibility.

Dr. Laurence: Mr. Chairman, a moment ago 
I referred to the advantage of having people 
with a broad technical background in this; 
this is a great advantage to us, to have people 
who really are well informed on all the 
aspects.

Senator Grosarl: Excuse me; I was about to 
say that I appreciate the fact that we just do 
not have enough scientists to go round.

Dr. Laurence: Yes, but also what we are 
bringing together in that board is people who 
know the full background behind the policy 
and so on; they are knowledgeable people and 
they are only knowledgeable because they 
hold the positions they do and they would not 
be able to hold those positions if they were 
full time members.

You cannot, as it were, have it both ways.

Now, that being so, that is we depend on 
them for the guidance that has behind it the 
wisdom of their responsibilities and experi
ence, it means that the Board’s staff deals 
with the day-to-day detail. If you would ask 
me do I think the Board’s staff should be 
enlarged, I would agree.

Senator Grosarl: I see you mention that in 
your brief.

Senator Thompson: Just following on your 
principle: why would you object to having 
someone from Elliot Lake uranium mines, or 
from the private sector on the Board, or 
would you object?

Dr. Laurence: I see no particular reason to 
object there provided we fulfil the principles 
that I have mentioned.

Senator Thompson: You do not see a con
flict of interest for someone from the private 
sector being on the Board?

Dr. Laurence: I am sure that we would 
have no more difficulty in that regard than 
we have with the present membership of the 
Board.

Senator Thompson: Would this be useful, 
because actually I should give credit to Sena
tor Grosart, who had to leave the room for a 
moment, about a consumer being part of the 
Board? Would this not bring a practical 
knowledge to the decisions of the Board?

Dr. Laurence: You will remember that we 
do have on the Board Mr. Gilchrist, who has 
a long background of experience in the min
ing business and certainly meets that 
requirement.

There is another point here that I should 
mention, that often discussions are involved 
with matters of national security and govern
ment policy which should not be entrusted 
too widely, and for this reason there has been 
a tendency, not completely, but almost com
pletely, to restrict it to federal government 
employees.

Senator Grosart: Dr. Laurence, it seems to 
me there is this problem, that experts han
dling dangerous problems tend to become 
enured to the risks inherent in the problems.

I read an article not very long ago about 
the famous Caughnawaga Indians and their 
high steel capabilities and somebody who was 
an expert was asked if they really are such 
great steel workers as we are told. He said 
yes, but they are a damn nuisance, because



Science Policy 1025

they are so skilled that they will just brush 
by you on a 12-inch plank 50 storeys up, they 
are so sure of themselves.

I wonder if there is not something of this in 
Senator Thompson’s question, a thought that 
we should have some “scared” people on your 
Board, some ordinary civilians who are 
scared to death about the possible dangers of 
atomic fall-out, radiation, effluents, pollution, 
and so on.

Dr. Laurence: Mr. Chairman, it seems to 
me that this concern about familiarity breed
ing contempt is very true of the people who 
are using these things, but not of the people 
who have a responsibility to ensure that they 
handle these things safely.

At times I am a little concerned that we 
are trying to do too much, that we are setting 
standards which in our idealism and our 
enthusiasm to protect the people may go a 
little too far beyond reason and are impracti
cable, so I think that the question of familiar
ity with the hazard making one careless is 
very real on the part of the user, but I do not 
think on the part of the regulatory bodies’ 
employees.

Senator Thompson: If I could just follow 
on your Advisory Committee, as I listened to 
that, all of those people were civil servants 
on the Board’s Reactor Safety Advisory Com
mittee. Having once been a civil servant 
myself—well, I will put it this way, some
times discretion is the better part of valour.

The point of raising an outraged cry 
against your government is not the practice of 
civil servants. Again, following Senator Gro- 
sart’s point of view, there are people who are 
scared, perhaps without justification and on 
your Advisory Committee there are people 
who by practice, indeed by law, are not sup
posed to speak against their government, or 
else they should resign.

Would it not necessarily be useful to have 
some people from the private sector?

Dr. Laurence: Mr. Chairman, you will 
notice that in addition to present and ex-fed
eral civil servants there are also provincial 
civil servants and also municipal officers.

Senator Thompson: Yes, I did recognize 
that, but they are all civil servants and the 
point I am making, with the deepest respect 
for the value of the civil servants at any 
level, an advisory committee in this very sen
sitive area I think should include people from
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the public sector, that is, other than the gov
ernment.

Dr. Laurence: I cannot recall any occasion 
on which a question arose in the proceedings 
of this committee which could be regarded in 
any way challenging government policy.

Senator Thompson: Perhaps it should 
have; if it did happen what would be the 
situation?

Dr. Laurence: Our basic guide is the prin
ciples which are recognized internationally, 
or what is regarded as sound practice in engi
neering generally and particularly sound 
practice in the restricted field of nuclear 
engineering.

Senator Grosart: What is the degree of 
independence of government of the Board? Is 
it as independent as the CBC?

Dr. Laurence: I am not sure I understand 
the question.

Senator Grosart: There is a trend today in 
certain fields to give responsibilites to a 
board that has a very high degree of 
independence.

I mentioned the CBC as one for obvious 
reasons. True, that it reports through a 
minister, but the present minister, Mr. Pelle
tier, has made it very, very clear that he 
welcomes the independence of the CBC and 
the CRTC.

The Chairman: I went through this too.

Senator Grosart: Yes, of course; I should 
apologize to you, Senator Lamontagne, 
because I think you are the author to some 
extent of the new look in broadcasting; I will 
say no more than that.

What is your relation to government; to 
whom do you report?

Dr. Laurence: We report to the Honourable 
Mr. Greene as the minister designated for the 
purpose of the Act and not by virtue of his 
departmental portfolio.

The Chairman: Have you always reported 
to the Minister of Energy Mines and 
Resources?

Dr. Laurence: No; there was a time there 
when we reported to the Minister of Trade 
and Commerce. There have been changes over 
the years; it has I think perhaps been a ques
tion of the particular interests of the minister 
in question.
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Senator Grosart: Which minister was that?
I did not get it?

Dr. Laurence: The Minister of Trade and 
Commerce at one time.

Senator Grosart: No, at the present time?

Dr. Laurence: At the present time it is Mr. 
Greene.

Senator Grosart: Mr. Greene?

The Chairman: As Mr. Greene; not as 
Minister of Energy, Mines and Resources.

Dr. Laurence: That is the point that I was 
trying to make, Mr. Chairman. He has been 
designated for the purposes of the Act.

The present reading of the Act is:
‘Minister’ means the Chairman of the 

Committee of the Privy Council on Scien
tific and Industrial Research as defined in 
the Research Council Act, or other mem
ber of the Queen’s Privy Council for 
Canada designated by the governor in 
council as the Minister for the purposes 
of this Act.

The Chairman: There are a lot of words.

Senator Yuzyk: Perhaps we should go on to 
some other fields here too; I have a question 
about the permit system, since this is I think 
the way that you are carrying out your func
tion, through the permit system and then 
another comprehensive licensing system.

Could you just explain, have you set up 
certain standards, is that it, in licensing and 
issuing permits, that are known?

The Chairman: To the general public?

Senator Yusyk: I would say to the general 
public mostly here, yes.

Senator Grosart: Or that are a matter of 
record?

Dr. Laurence: To begin with, there are the 
regulations; these lay down the basic princi
ples of care and protection against radiation 
and handling of these materials. These are in 
our regulations.

Senator Grosart: Mr. Chairman, I wonder if 
I could suggest that Dr. Laurence might let us 
have those regulations; I think it would be 
very useful to have them as part of our 
record.

This is really what we are talking about; 
what are the regulations?

Senator Yuzyk: This is carrying out policy 
and I think this is important for us.

Dr. Laurence: It was my intention to dis
tribute, I am not sure if this has happened or 
not, copies of our last annual report, which 
does contain our Act and the regulations.

Senator Grosart: I think that would be
sufficient.

The Chairman: Will you make that availa
ble to Mr. Pocock?

Dr. Laurence: Yes. In regard to reactor 
safety, it must be understood that the tech
nology here has been changing so rapidly 
that it is quite impossible to draw up a set 
of rules. Almost every reactor brings along 
new problems and all we can do is rely on 
the good judgement of the experts on our 
committee.

Senator Yuzyk: Which leads me to this 
question which I was going to ask anyway: 
Do you spend any money on research your
selves, research on safety, safety factors, safe
ty devices and improvement?

Dr. Laurence: Mr. Chairman, you may 
gather from Dr. Dewar’s expression that he is 
very pleased that that question has been 
raised; we have not been.

Now, as has been pointed out in this report, 
an important part of our budget is money 
which is intended for the support of research 
in universities and in our submissions on 
behalf of this budget allocation it has always 
been understood that this was for research on 
basic science or closely applied science, but 
not for this particular purpose that you 
mentioned.

The Chairman: Why is this, you being a 
control agency and having two very impor
tant regulatory functions, that you are 
involved in assisting pure science research in 
universities?

Dr. Laurence: I think, Mr. Chairman, it is 
mainly because the importance of this other 
matter has not impressed itself on our con
sciousness until quite recently, but now there 
is a feeling that we should budget for it, 
mainly because it may be neglected other
wise; we should budget for research directed 
directly towards safety matters and also safe
guarding matters.

Senator Grosart: Dr. Laurence, you used 
the phrase “this money in your budget is 
intended,” then I think you said “it has
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always been understood;” this disturbs me a 
little, because I see this trend right through 
the whole R and D picture, that there are bits 
and pieces of R and D allocations from all 
sorts of departments and we have not had 
any evidence before this Committee yet that 
they are really co-ordinated.

I wonder if this is not something that has 
developed politically over the years, that gov
ernments have said you give a little to uni
versities, you give a little to somebody else 
for basic research, because it is incredible 
when you look over the whole picture to see 
the number of decision makers there are add
ing up to the final decision as to our total 
public investment in R and D.

I would say it is impossible to co-ordinate 
the proliferation; we should have a non
proliferation treaty in R and D grants.

This brings us right down to the question 
you have just been asked: we have discussed 
this and we have been amazed to find that 
you were letting ou this very, very impor
tant function. You speak in your brief of the 
requirement of better instrumentation, 
proved and more sophisticated instruments 
for detection, and so on, and yet you are 
using the research money for grants—I am 
not criticizing you, because I know how these 
things develop; I know how hard it is to 
change a vote in the estimates.

The Chairman: Or even the legislation in 
this case.

Senator Grosart: Yes; perhaps we should 
come to that: Does the legislation require you 
to make up your estimates in this particular 
fashion? That is to say, does the legislation 
require you to let out or to allocate this very, 
very large proportion of your budget to other 
R and D entities?

Dr. Laurence: Mr. Chairman, the relevant 
paragraph in our Act is paragraph 8; I will 
not read it in its entirety, because it deals 
with other matters as well.

To quote:
The Board may, without limiting the 

generality of any other provision of this 
Act, establish, through the National 
Research Council or otherwise, scholar
ships and grants in aid for research and 
investigations with respect to atomic 
energy, or for the education or training 
of persons to qualify them to engage in 
such research and investigations.

29343—2à

The Chairman: This is on page 6, as you 
know, of the memorandum.

Dr. Laurence: Now, the language there has 
a strong suggestion that this aid should go to 
the universities for the fostering of research 
there. That, of course, does not exclude the 
possibility of research on safety matters, and 
so on, in the universities.

Senator Grosart: Do you take the wording 
it “may” as meaning it “shall”?

Dr. Laurence: No, no, indeed not, but it 
does indicate an intention or a possible desire 
on the part of those who framed the 
legislation.

Senator Grosart: We have had lawyers tell 
us in other contexts that “may” means 
“shall”; that is why I asked the question.

I have never understood why any lawyer 
contorted the simple English language that 
way, but they do, I am glad to see you do 
not.

Dr. Laurence: Mr. Chairman, I have just 
been reminded that I should point out that 
this is “may" with the approval of the Cabi
net, of course.

Senator Grosart: Yes; you say you are 
authorized to?

Dr. Laurence: Yes.

Senator Yuzyk: I have one more question: I 
was reading a very interesting article in the 
International Research and Technology Jour
nal by T. B. Taylor and I must confess that 
he almost scared the daylights out of me in 
dealing with the problems of nuclear energy. 
I am just going to quote two pertinent 
sentences:

While the special nuclear materials 
required for nuclear explosives are rapid
ly accumulating throughout the world, 
the knowledge required for the construc
tion of nuclear explosives is also spread
ing rapidly.

And he deals with the fact that individuals 
can now use some of these materials for their 
own purpose; then, a little later on he states, 
and this is regarding the United States:

Nuclear explosives secretly placed in 
several large cities could be used for 
blackmail to force city, State or federal 
governments, perhaps more than one, to 
take certain actions and also that non
national organizations, perhaps even.
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existing criminal organizations are likely 
to be tempted to divert or openly steal 
special nuclear materials for an interna
tional illegal market—,

And so forth. In other words, we have got 
ourselves now to the stage where the control 
has to be greater than ever before, because 
once it gets out into the public and there are 
interests and subversive interests involved, 
this becomes a very serious matter for the 
country and for the governments.

My question is this: you must be discussing 
this situation; perhaps it is not very apparent 
in Canada, but it does not take very long for 
this knowledge, or some of these materials 
that could be stolen, and it explains here how 
easily it could be done, that these materials 
could be brought into Canada and could be 
used to threaten our very government and 
way of life.

My question is, are you giving considera
tion to these possibilities in the very near 
future in order to do as much as possible to 
prevent such action of organizations or 
individuals?

Dr. Laurence: The answer in brief is, yes, a 
great deal of consideration has been given to 
this.

Now, to elaborate the answer a bit, it is 
just for the reason that you have pointed out 
that the non-proliferation treaty makes no 
distinction with regard to the control that is 
to be exercised over nuclear weapons or the 
materials that go into their construction and 
explosive engines for civilian purposes.

That is why there is so much attention, so 
much importance has been attached to that in 
the discussions that let to the drafting of the 
non-proliferation treaty.

Again I would stress the point that the 
device which you use for a nuclear explosion 
for civilian purposes is a nuclear military 
weapon used for a civilian purpose; it is the 
same kind of device. It requires the same 
kind of materials; it has the same technology 
and knowledge behind its construction.

Senator Yuzyk: How much can be done to 
detect, say, the theft of these materials that 
could be used by individuals or organizations, 
undesirable individuals and organizations?

Dr. Laurence: It is the purpose of safe
guards inspection to make it as difficult as

possible to divert materials to such uses as 
you mentioned.

Senator Yuzyk: I have one more question 
and this is the last. Following this up, do you 
not think it is very important to have funds, 
special funds allocated to make this system of 
detection as foolproof as possible?

Dr. Laurence: Yes.

Senator Grosart: How much does it cost to 
develop nuclear capability to the explosion 
point?

Dr. Laurence: It depends a bit on what you 
start with.

Senator Grosart: Well, how much would it 
cost in Canada, starting from scratch?

Dr. Laurence: Not enough to make it
prohibitive.

Senator Grosart: Is that so?

Dr. Laurence: For Canada.

Senator Grosart: Millions, hundreds of 
millions?

Dr. Laurence: It would be the scale of $100 
million I should think; is that a reasonable 
guess?

Dr. D. J. Dewar. Chief Scientific Adviser. 
Atomic Energy Control Board: Less than that, 
if you just wanted a few weapons.

Senator Grosart: I think what is worrying 
Senator Yuzyk is that that might not be 
beyond the capability of the Mafia.

Senator Yuzyk: No; I am convinced from 
this article that it can be done, that they can 
assemble their materials and all that they 
need to do is to steal, is it plutonium or some 
of these other materials, and then just bring it 
into their own machinery, which can be built 
up secretly.

This is what worries me and I understand 
that that would not be too costly and that a 
Mafia certainly can handle such a problem.

Dr. Laurence: He needs the materials and 
he needs the knowledge.

Now, as you know, there are two nuclear 
explosive materials which have been used in 
the weapons so far: uranium 235; separation 
of this explosive material from the natural 
uranium is a rather expensive process. The 
other material is plutonium and that is pro
duced in most kinds of nuclear power sta-
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tions. It is produced in our Canadian nuclear 
power stations and many of the nuclear 
power stations in other parts of the world. 
This material can be obtained; at the moment 
it is a waste product from these plants, or has 
been so regarded. It is carefully stored, partly 
for safety reasons, but it is there.

Senator Thompson: And this would apply 
also to any nation which might set up a 
nuclear reactor, for example? Very easily and 
quickly they could turn this into a nuclear 
bomb?

Dr. Laurence: Mind you, it requires consid
erable technical knowledge to fabricate an 
effective and efficient nuclear weapon.

Senator Grosart: You do not just have to 
read papers?

Dr. Laurence: If you can get hold of the 
right papers it would help a great deal, but 
even so you might want to do a few experi
mental explosions.

Senator Grosart: The treaty seems to insist 
that all information be shared in common. It 
seems to be one of the strongest features of 
the treaty, requiring complete international 
sharing of all information even at the explo
sion level.

Dr. Laurence: I think there may be some 
misunderstanding here, Mr. Chairman: infor
mation on how you use the device is to be 
shared, but not on how you make the device.

You might make a comparison with a stick 
of dynamite; it is one thing to tell a person 
how to use a stick of dynamite in an engi
neering operation, but an entirely different 
thing is to tell him how to make a stick of 
dynamite.

Similarly, may I say carrying the comparis
on further, it is as if there was indicated a 
readiness to tell people how to use dynamite, 
but not how to make it.

Senator Grosart: Article 5 reads in part:
Potential benefits from any peaceful 

applications of nuclear explosions will be 
made available to non-nuclear weapons 
states party to this treaty on a non-dis- 
criminatory basis and the charge for such 
parties for the explosive devices used 
will be as low as possible and exclude 
any charge for research and development.

Now, this seems to contemplate making 
available explosive devices, subject to the 
International Agency, of course.

Dr. Laurence: Under safeguards to ensure 
that the control over them is maintained.

What I might well imagine would happen is 
that the nation which produces these things 
would take these devices into the country 
where they are to be used and maintain 
direct control over them until they are de
stroyed through their use, so that the control 
did not fall out of their hands.

Senator Grosart: I could see your Board 
having a very important function, both inter
nationally and domestically. It is not very 
often that a parliamentary committee is wor
ried about an agency of the government not 
spending enough money to do its job, but I 
think we are a little worried.

Could I ask you this question: Having in 
mind your recent experience that you have 
mentioned, is it your view now that the 
Board should be provided with the capability 
of doing more research in this particular field 
of safeguarding?

Dr. Laurence: It is my opinion that funds 
should be provided for the doing of this 
research, not necessarily by the Board, if we 
can contract to have it done by somebody 
who is engaged in research.

The Board all along has avoided becoming 
involved itself in research, and I feel myself 
it should continue not to get involved in 
research, but the time has come when we are 
very conscious of the need for developing and 
perfecting instruments of this kind.

Just at the present time discussions are 
going on about the possibility of investiga
tions of this kind, discussions looking into the 
possibilities from a technical point of view 
purely at the moment, but I could well 
foresee that we may soon need funds, may 
soon want fund for such a purpose.

The Chairman: You do not feel at present 
that as the Act stands now you are in a 
position to contract out research in this field?

Dr. Laurence: No; I see no difficulty there 
under the Act of providing funds for such a 
purpose.

The Chairman: You can provide funds, but 
it depends on the method; you see, grants and 
aid usually are awarded on the basis of 
application, while the power to really ask 
people to do that kind of research on a con
tract basis I do not think would be covered 
by the Act as it stands now.
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I am not a lawyer, but the reference here is 
to scholarships and grants in aid for research 
and investigations.

I suppose that that is wider in scope; in 
any case you feel that you could at the 
moment within the scope of the present Act 
contract out research for the purposes of your 
activities and responsibilities?

Dr. Laurence: I am not sure of the answer 
to that question, Mr. Chairman. One of the 
provisions in the Act is that the minister may 
undertake or cause to be undertaken resear
ches and investigations with respect to atomic 
energy, so I feel that ways and means could 
be found to provide for this research on a 
contractual basis.

Senator Yuzyk: But you would have to go 
to the minister in this case and convince the 
minister that this was necessary; would it not 
be better to have it within your powers?

Dr. Laurence: In any case we would have 
to go to the Treasury Board.

Senator Grosart: They are the science poli
cy decision makers at the moment.

Senator Giguere: The USA and Great Brit
ain must have significant programs; do you 
have access to that information?

Dr. Laurence: There are certain agreements 
between the government of Canada and 
their governments dealing with the exchange 
of information in certain areas.

Senator Grosart: How many entities 
attached in one way or another to the Canadi
an government are involved in this problem 
of nuclear development?

You mentioned the AECL and there is the 
section, or whatever it is, in External Affairs; 
there is the NRD. Is there anybody else?

Dr. Laurence: Eldorado, of course, and 
some of the sections of Mines, Energy and 
Resources that has been involved; the Geolog
ical Survey; the Mineral Resources Division.

The Chairman: Trade and Commerce.

Dr. Laurence: On the export and import, 
certainly; yes.

Senator Grosart: And on the safety side 
you have got a couple of hundred in the 
pollution area. I was reading some evidence 
given before the Commons Committee and I 
started to write down the number of agencies 
engaged in the anti-pollution business and I

ran off the page, which raises this question: 
Have you any constitutional problems? Per
haps not to make it a leading question I 
would like to quote you from evidence given 
by Dr. Price, the Director of Inland Waters of 
Mines, Energy and Resources, who made this, 
to me, amazing statement. It occurs at page 
55 of the Minutes of Proceedings of the 
Standing Committee of the House of Com
mons on National Resources and Public 
Works.

Dr. Price said:
The question of radioactive waste again 

falls under federal jurisdiction, but even 
that I believe in the case of Ontario has 
been passed over to the province for 
enforcement.

Now, I take it that I “believe” is rhetorical, 
because it would seem incredible that some
body like Dr. Price would not know whether 
the jurisdiction in the matter of radioactive 
waste had been passed over to the Ontario 
government. Have you any problems in this 
area?

Dr. Laurence: It has been in general our 
practice, and I mentioned this earlier, to avail 
ourselves of assistance of departments which 
have regulatory responsibilities that are close
ly related. We do this by nominating some of 
their officers as inspectors on behalf of the 
Board; in this way we bring them directly 
into these problems.

Senator Grosart: And this is not passing 
over your jurisdiction?

Dr. Laurence: This does not pass over our 
jurisdiction, but it does mean in effect that 
they do the job on our behalf.

Senator Thompson: But on this point I 
have been interested on this question: I notice 
the composition of your Advisory Board on 
Safety Regulation includes municipal, provin
cial and federal. Now, in the question, say, of 
transportation of radioactive material the 
province would have some jurisdiction con
cerning roads and the size of vehicles, and so 
on, water pollution, as I understand it, and I 
have just a little background in connection 
with various situations that happened at 
Elliot Lake and at Port Hope.

When there was an initial scare about the 
situation, that they had fish and so on in 
these lakes affected, there was a test force 
then sent up which was made up of deputy 
ministers of the province of Ontario. They 
were going to examine the situation, but I
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would have thought in view of your constitu
tional prerogative that you would have been 
the people to examine this and then tell them 
what should have been done.

Dr. Laurence: We carry the responsibility 
in this matter but since we have asked the 
provincial departments to co-operate with us 
in the way that I indicated, that is having 
their officials act on our behalf, we try not to 
interfere in the detail. That is, we, having 
delegated a certain responsibility, stand 
behind it so far as enforcement is concerned, 
but we do not complicate things by sending 
in other inspectors acting directly on our 
behalf.

Senator Thompson: Could I just take that 
one example; I would like to go back to 
transportation again, the example of say El
liot Lake, the municipality is concerned. 
This was about six years ago; the municipal
ity is concerned because it is adverse publici
ty to their tourist trade.

Dr. Laurence: I have just realized what 
committee you are referring to here. I was 
present in the important discussions of that 
committee which bore on this matter and par
ticipated in it. Also on occasion one or two 
other of our officers were with me.

Senator Grosart: There is no doubt in your 
mind that you have jurisdiction, in spite of 
the oft-repeated dictum almost of the prov
inces that if pollution originates on shore it is 
their responsibility; it is only a federal re
sponsibility if it originates in navigable wa
ters.

There is no question in your mind of your 
jurisdiction in this whole field of safeguard
ing the public from nuclear hazards?

Dr. Laurence: Our jurisdiction applies to 
the operation of the mines or the other facili
ties that might be the source of this pollution. 
We can exercise control within the fence and 
that is usually where the control has to be 
exercised, but it does call, of course, for close 
collaboration with the provinces and it is 
always our policy to consult with them and 
make sure that we use our authorities in a 
way which meets their normal needs.

The Chairman: Atomic energy in all its 
aspects, as you are aware, has been declared 
to be in the general advantage of Canada, so 
it comes exclusively under the federal 
responsibility.

Senator Grosart: My understanding of what 
Dr. Laurence just said is that if it is “in
fence” it is a federal responsibility, but if 
your measures prove ineffective and it gets 
outside, then it is not your responsibility; am 
I correct?

Dr. Laurence: No; I am not a lawyer but 
there is a famous case which affects our poli
cies there.

Senator Grosart: The Americans have some 
trouble in this too, but you are relying 
largely on the readily-given co-operation of 
the people in the provinces having responsi
bility in this area?

Dr. Laurence: Yes; indeed, I do not see 
how we could do otherwise.

The Chairman: If you were to establish 
your own services then it would be largely a 
case of duplication of services I suppose?

Dr. Laurence: Yes, indeed.

Senator Thompson: When you said in fence, 
do you mean by that within the site of a mine 
or actually on the site of a mine?

What about transportation of radioactive 
materials; do you set down a requirement 
across Canada?

Dr. Laurence: May I, Mr. Chairman, before 
answering that just make one further remark 
bearing on the previous question: it does 
seem to me that whether or not our officers 
were the ones who did the actual inspection 
and were directly instrumental in this control 
problem of relating it to what gets beyond the 
fence it would still call for that kind of collab
oration with the provincial authorities, 
because they are the ones who are interested 
in what is happening on these waterways.

Senator Grosart: I raised the question 
because we have had over the years some 
rather horrendous examples of important 
problems falling between the two jurisdic
tions. A classic case is perhaps farm marketing 
boards where for years we could not have a 
farm marketing board because there was 
both divided and interlocking jurisdiction.

Senator Thompson: Could I come back on 
transportation which would be outside the 
fence: Do you have a common regulatory 
requirement across Canada with respect to 
transporting radioactive materials and the 
handling of such when the material is taken 
off a truck, or whatever it is taken off?
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Dr. Laurence: I am going to ask Dr. Dewar 
to reply to this question, because he is closer 
to it. It is a rather complicated one because 
there are a number of different authorities 
involved.

Dr. Dewar: Perhaps I might say, Mr. Chair
man, that there are federal regulatory author
ities for transport by air, by rail and by sea, 
and these are very definitely federal.

In the case of transport by road, neither 
the federal nor provincial have taken any re
sponsibility in any field except explosives, for 
which there is a federal act.

Senator Thompson: Does this come under 
explosives?

Dr. Dewar: No, this does not come under 
explosives.

Senator Thompson: In other words, we are 
completely open?

Dr. Dewar: It is open in all dangerous com
modities. The Board has stepped in in the 
field of radioactive material; we have dealt 
with our licensees, the people who are using 
this material, and having imposed certain 
conditions on them which are as much as 
possible uniform with the standards that are 
being applied particularly in the rail trans
port, where they have very detailed 
regulations.

We have invoked these standards for road 
until such time as there is some road trans
portation authority set up, either federal or 
provincial.

Senator Thompson: How much of the mate
rial is transported by road today in Canada?

Dr. Dewar: Quite a good bit.

Senator Thompson: What about in the han
dling when they are taking it off the truck, I 
presume it comes in by truck, are there regu
lations that you impose?

Dr. Dewar: Yes, our regulations are imposed 
on the people who are normally handling it, 
our licensees type of thing, who are using it, 
but our controls have been exercised mainly 
in the proper packaging and proper labelling.

In this I might say we have been guided by 
proposed international regulations which were 
drawn up by the International Atomic Energy 
Agency. An officer of our Board was the 
Canadian adviser on these and he has, on the 
basis of this, drawn up certain sort of draft 
regulations which are being recommended to

the various transportation authorities in 
Canada.

Meanwhile we are holding the nettle on 
this and insisting on proper packaging, prop
er labelling and so on.

Senator Thompson: But as far as road pre
cautions, do you feel this is something that 
should be acted on quickly?

Dr. Dewar: We firmly believe that action 
should be taken on not only radioactive 
materials, but all dangerous commodities. I 
mean the shipment of chlorine or the ship
ment of anything like that is home free; there 
are no regulations now.

Senator Thompson: If you feel a need for 
this what is your procedure to get action?

Dr. Dewar: We have reported this in our 
annual report, sir, I think for three or four 
years.

Senator Grosart: There is no better way to 
bury it.

Dr. Dewar: I am afraid so.

Senator Grosart: On this question you spoke 
of imposing regulations on your licensees; I 
think what we are all trying to get at is 
whether your Board promulgate safeguard 
regulations in this field that are applicable to 
everybody anywhere in Canada and, if so, 
what authority is there behind those regula
tions and what statutory penalties are there 
for infractions? Do we have any?

I was looking at where you speak in your 
brief at page 7 of trying to persuade people 
to be good:

Applicants for reactor construction 
permits are persuaded to carry out 
research and investigation that will give 
adequate support to the claims they make 
for the safety embodied in their reactor 
designs.

Persuaded.

Dr. Laurence: The word persuaded was 
used because this is not the kind of action 
that you can bring about through regulations 
I think, but what it implies is that the appli
cant is trying to make a case, he is trying to 
persuade the Committee that this is a safe 
plant. The Committee says to him in effect, 
well, we want to be shown.

Now, that is an invitation to do an investi
gation and prove that their claims are all that 
they say they are.
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Now, behind that there is the authority of 
the Board to grant or not to grant a licence.

Senator Grosart: Is there any statutory 
obligation to provide proper safeguards for 
this hazard for all Canadians?

Dr. Laurence: The regulations apply to all 
Canadians.

Senator Grosart: And they have the author
ity of the Act?

Dr. Laurence: The authority of the Act 
stands behind them and there are penalty 
provisions in here; they certainly are used 
and, in fact, we have had on rare occasions to 
bring people into court; I think we have 
always won our case.

Dr. Dewar: Well, I think the most recent 
one involved a penalty of a $3,000 fine.

Senator Grosart: For a breach of the 
Board’s regulations?

Dr. Dewar: Yes.

Senator Thompson: Could I come back 
again to the Port Hope situation, for example, 
where when the Eldorado mines were present 
they admitted that they thought it was useful 
that this Toronto university professor should 
come out and he had suggested that they 
should be more diligent in their precautions. 
They pointed out that one of the things that 
they noticed was that their signs, whether 
they fell down or not, or what happened to 
them, were insufficient and it was suggested 
that I should bring the question to you.

What are the penalties attached for not 
sufficient precautions and signs, and so on?

Dr. Laurence: We usually bring pressure 
through the implied threat that licensing may 
be in future restricted. This seems to be the 
most effective way of dealing with situations 
of this kind.

The example that you cite was a reminder 
to us that safety does require constant vigi
lance and fences out in the back pasture may 
be neglected.

Senator Thompson: Following on that 
remark, constant vigilance: How many in
spections are made, for example, by your peo
ple or people delegated by you to checking 
the proportion of radioactivity in water near 
plants? Is this a daily thing, six months, a 
year? Throughout all the uranium areas?

Dr. Laurence: There is a very extensive 
continuing survey being carried out by the 
appropriate departments, mainly the Depart
ment of Health in Ontario, in the Elliot Lake 
area and the federal departments.

Senator Thompson: Do we have other 
uranium mines in Canada as well as in the 
Elliot Lake area?

Dr. Laurence: Yes, there are the mines in 
Saskatchewan.

The Chairman: Beaverlodge.

Senator Thompson: Are the precautionary 
methods carried out by the province of Sas
katchewan on a similar basis to those carried 
out by Ontario?

Dr. Laurence: The problem has not been 
the same out there; there has not been the 
same pollution problem that has existed 
around the concentration plants in the Elliot 
Lake area.

Senator Thompson: I am talking of the 
check that is made; you mentioned that it is a 
constant check. What I am getting at is if 
each province has the authority to look after 
the check, one province may feel that this is 
an expensive proposition to them and they 
will not be doing as concentrated an effort as 
in another province and therefore it would 
seem to me that you would have to set a 
standard saying that we want this checked 
every week, or every month, or whatever 
scientifically you feel that it has to be 
checked.

Is there such a standard made?

Dr. Laurence: This is not a thing which 
lends itself to the setting of standards. The 
degree of inspection that may be required 
and the frequency of inspection must be 
appropriate to the circumstances of the exist
ing conditions; it must relate to the amount of 
material that is being stored, where it is 
being stored, what is the nature of the water
ways in the area, what precautions are being 
taken, what use is made of the water.

All of these things come in; I do not think 
you could set up any set of rules which would 
give you general guidance. Each case has to 
be judged on its merits.

Senator Thompson: Of course this creates, I 
would think, a great deal of difficulty, if you 
do not have a set of rules in the sense of 
giving a sense of security to the public if 
there are definite rules.
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I appreciate what you are saying, but on 
the other hand I would have thought that 
there are certain basic standards which you 
would require with respect to this.

Dr. Laurence: The basic standard that 
guides us is the recommendations of the 
International Commission on Radiological 
Protection, that international body to which I 
referred a while ago.

For example, they recommend that water 
which is used continually, day after day, for 
domestic purposes should not contain more 
than certain concentrations of certain radio 
isotopes. That is the basic standard that 
guides us.

Now, in setting that standard, as you can 
see, one takes into account the use that is 
made of the water. The level that we would 
wish to maintain in Elliot Lake water, which 
enters the water supply of the town of Elliot 
Lake, would need literally to meet that 
requirement, but some tiny pond out near a 
mine head where nobody goes except occa
sionally fishermen who therefore are not 
going to be using the water continually, but 
only perhaps occasionally at the most, it is 
possible there to tolerate a much higher level.

So a certain amount of judgment has to 
come into this if you are not going to impose 
unreasonable restrictions on mining operators.

Senator Kinnear: I am so interested in the 
whole of the idea that radioactivity is at the 
base of all our trouble and that we are hoping 
that we are safe from radiation. I think that 
that is what it is coming down to, that the 
average Canadian is so worried and you just 
answered my question several times and 
especially when you said in Saskatchewan in 
some pond they can have a lot of radiation 
and it will not make any difference because 
there is nobody there, only once in a while, 
but it is the once in a while that I might be 
there, or somebody else, that frightens me.

Senator Grosart: Or you might get a fish 
from there.

Senator Thompson: Or water might flow 
into another pond.

Senator Kinnear: That is the point; I am on 
a polluted lake, Lake Erie, and we find so 
much pollution that I am very worried when 
we do not announce publicly the great safety 
that you seem to think is built into your 
process of protecting the public.

So my question would be: What is the diff
erence between Saskatchewan and Ontario, 
but you have answered that. My full concern 
is safety from radiation.

Dr. Laurence: Perhaps to be definite on the 
record, I had not been comparing Saskatche
wan with Ontario; I was talking about the 
hazards in the Elliot Lake area, and compar
ing the water supply of the town of Elliot 
Lake with the possible concentration which 
you might have close to a mine head which is 
remote from a centre of civilization.

Now, in view of the concern which mem
bers of the Committee have been expressing 
regarding the radioactive hazard I think, Mr. 
Chairman, I should say a little more in this 
regard.

The recommendations of the International 
Commission on Radiological Protection 
regarding permissible concentration in water 
which is used for domestic purposes every 
day are the recommendations of very cautious 
people. There is no sharp margin between 
what you can call dangerous and what is not 
dangerous; it is a relative matter, just like 
the dangers which we encounter in everyday 
life and every kind of human activity. It is a 
question of what is reasonable to accept and 
what is unreasonable and unnecessary 
cautiousness.

Radioactivity is not an important source of 
pollution in Canadian waters today compared 
with the other sources of pollution in the 
rivers and lakes of this country; I consider it 
entirely negligible.

Senator Grosart: What is fearsome and ter
rible is that it happens.

Dr. Laurence: Yes; this is certainly true, 
but some of these other things which we have 
accepted, merely because we have become 
accustomed to accepting them before we real
ized the hazard, can be just as terrible.

Senator Grosart: But you do not get accus
tomed to radioactive hazards, or do you?

Dr. Laurence: Earlier we talked about 
familiarity breeding contempt and there is 
the danger that the user can get careless; this 
is the thing that our Board and agencies that 
help us try to watch out for.

Senator Grosart: Have we got a fall-out 
problem in Canada? That is fall-out from 
external explosions?
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Dr. Laurence: The amount of radioactive 
material that has fallen out has gone up and 
down following the ups and downs and the 
frequency of these experiments.

It is correct, is it not, Dr. Dewar, that it 
has never exceeded the limits recommended 
by the International Commission?

Dr. Dewar: I think it has always been well 
below.

Senator Grosart: What is the NRC division 
of radiobiology doing? Are they in this field?

Dr. Laurence: They are studying the effects 
of radiation; I am not very familiar with just 
what they are doing.

Dr. Dewar: This is radiation on the 
individual.

Senator Grosart: Yes.

Dr. Dewar: The director was a former 
officer from Chalk River.

Dr. Laurence: Yes, Dr. Gordon Butler.

Senator Grosart: But surely they are not 
working independently of your Board, are 
they? Are they not in the same field?

Dr. Laurence: In the same field and any 
information which would have a bearing on 
these basic standards would certainly be of 
very great interest to us and we would know 
about it, but what their present program is, I 
do not know.

It must be realized that this is quite a new 
branch; it is starting out and just getting 
organized.

Senator Thompson: What about miners, for 
example, working in the uranium mine? Are 
these constantly being watched from the clin
ical point of view and are you aware of the 
findings that are taking place?

Dr. Laurence: The answer is yes.
Senator Thompson: Could I ask a question 

with respect to page 10. It says:
An important and immediate need in 

the technical development for which 
budget provisions should be made next 
year is better instruments to assist the 
Board’s safeguards inspectors in identify
ing fissionable materials and estimating 
their composition.

I have two questions: The Board’s safe
guards and inspectors, do you have a number 
of men who are inspectors?

Dr. Laurence: We have three officers who 
act as inspectors from the point of view of 
safeguards.

Senator Thompson: And really in this you 
are saying that you need better instruments 
in order to evaluate this; would this be some
thing again coming back to your research that 
you could be putting into research or have 
you already done that?

Dr. Laurence: No, we have not. This has 
become much more important to us in the last 
year or so. The prospect of the non-prolifera
tion treaty has been one of the factors that 
has increased the importance of safeguarding.

The safeguards inspector’s task is quite a 
difficult one; he is called upon to assess the 
quantities of material, to account for the 
material that has been shipped and to assess 
these quantities to make sure that they are in 
agreement with what was shipped and to 
make sure that they are the same material. 
For this he needs instruments to help him 
and there is great room for improvement in 
the instruments which are available to him.

Senator Thompson: But coming back to 
research, you are considering putting 
research money into this?

Dr. Laurence: Yes; we do not have money 
this year to do it, but we would like to have 
money for that purpose, but I think it has to 
be specially allocated for that purpose in our 
budget.

I would not want to see it lumped in with 
our university grants, because I do not think 
the universities are the best people to put on 
the job of developing these instruments; there 
are people existing in other organizations 
which have a background of experience 
which I think would be more appropriate.

Senator Thompson: Are there other coun
tries which have better instruments than we 
have? Does the United States have better 
instruments?

Dr. Laurence: No; any instrument which is 
developed in one place is available to people 
elsewhere.

Senator Thompson: Are they doing 
research on instruments?

Dr. Laurence: Yes they are.

Senator Thompson: Would this mean that 
you would not need to do research on them?
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Dr. Laurence: This brings up the old ques
tion of duplication in research. I am not sure 
there is any such thing as duplication in 
research. Research, after all, is a kind of 
search and two searchers are better than one, 
but apart from that I think that through a 
co-operative program with the United States 
we could probably bring to bear on such a 
problem some of their resources and some of 
ours in a way which would be better than an 
independent effort.

This is something that I think we should 
look into, the possibility of a co-operative 
effort here.

Senator Thompson: How can three inspec
tors possibly cover this field?

Dr. Laurence: They have their difficulties.

Senator Thompson: How many would you 
want?

Dr. Laurence: One is always tempted to 
mention a certain number which would be 
ideal, but you cannot find and train suitable 
people as quickly as you would like to do it, 
so any estimate that I would make there is 
always tempered by the practical considera
tion of how rapidly we would be able to train 
them and use them.

I would like to see this increased now at 
the rate of something like 50 per cent a year 
from now.

Senator Grosart: What level of scientific 
capability have these people? Are they 
Ph.D.’s, your inspectors?

Dr. Laurence: They are generally engineers 
chosen because of their background of experi
ence after graduation in the relevant tech
nology; experience here counts for a great 
deal.

Senator Thompson: Do we have a break
down of what you spend your two and a half 
million dollars on research on?

Dr. Laurence: It is in one of the appen
dices, yes.

Senator Thompson: There is nothing that 
you could re-allocate to this protection 
approach?

Dr. Laurence: Not this year, certainly not. I 
beg your pardon, I should correct that: there 
is a small margin of it that is not committed 
but I would have a certain hesitation in doing 
that because at the time that amount was 
budgeted it was the understanding of the 
Treasury Board that this was intended for 
support of research in the universities, for 
the training of graduate students, and all that 
is involved in supporting university research, 
so that I would not want to do it without 
consulting at least with the Treasury Board.

Senator Thompson: You have in this, for 
example, on page 7, section 16:

Applicants for reactor construction 
permits are persuaded to carry out 
research and investigation that will give 
adequate support to the claims they make 
for the safety embodied in their reactor 
designs.

How many of them are doing research? All 
of them?

Dr. Laurence: Oh, yes.

Senator Thompson: And to what extent are 
they doing this?

Dr. Laurence: An important part of the 
research and development work which is 
done by Atomic Energy of Canada Limited in 
preparation and during the course of the 
design of their nuclear power stations is the 
result of questions of safety that we have 
raised. I don’t know what the proportion 
would be, but it is considerable.

Senator Thompson: What part of that 
research is funded by the Board?

Dr. Laurence: None of it; they pay for it. 
That is part of their development costs in 
designing the plant.

The Chairman; Thank you very much, Dr. 
Laurence, Dr. Dewar and Monsieur Hamel.

This was a very useful afternoon I think.

Dr. Laurence: Thank you, Mr. Chairman; if 
there is any further information we can pro
vide we will be glad to.

The committee adjourned.
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PART I
ORGANIZATION AND FUNCTIONS OF 

THE ATOMIC ENERGY CONTROL BOARD
1. The Atomic Energy Control Board is one 

of the three Federal Government agencies in 
Canada specifically concerned with atomic 
energy.* The Board is mainly a regulatory 
body. Its chief purpose is to control nuclear 
and radioactive materials and nuclear energy 
equipment in the interest of national security 
and of safety from radiation hazards. Al
though the Board is not itself engaged in 
research and development, it is one of the

* Eldorado Nuclear Limited, a Crown company, 
is engaged in the mining, extraction and processing 
of uranium, and in the manufacture of nuclear 
fuels, and does some pertinent research and devel
opment.

Atomic Energy of Canada Limited is a Crown 
company engaged in research and development 
in the field of atomic energy and the design of 
nuclear reactors and power stations, and the 
preparation and sale of radioactive materials.

agencies through which the federal govern
ment supports research by grants to 
universities.

ORGANIZATION
2. The present members of the Board are:

G. C. Laurence, President and Chief 
Executive Officer;

H. Gaudefroy, former Dean, Ecole Poly
technique, Montreal, now Director-Gen
eral Liaison and Evaluation, Canadian 
International Development Agency, 
Ottawa;

W. M. Gilchrist, President, Eldorado Nu
clear Limited;

J. L. Gray, President, Atomic Energy of 
Canada Limited;

W. G. Schneider, President, National Re
search Council.
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3. The Board’s staff consists of 28, of whom 
13 have professional qualifications, most of 
them being engineers. The extraordinarily 
rapid development of peaceful uses of atomic 
energy and of the application of radioactive 
materials has brought about a corresponding 
increase in the activities of the Board. These 
functions are described in the following sec
tion. The increasing demand for its services 
has been more rapid then foreseen with the 
result that in recent years the Board has been 
understaffed.

4. The Board’s Financial Statement for the 
Fiscal Year 1967-68 will be found in Appen
dix I.

FUNCTIONS

Strategic Atomic Energy Materials
5. In the interest of national security, all 

dealings (as defined in the Atomic Energy 
Control Regulations) in strategic atomic ener
gy materials, such as uranium, thorium, 
plutonium and heavy water, are controlled 
under a permit system. Exports and imports 
of these materials are controlled in coopera- 
t.on with the Department of Trade and Com
merce and the Department of National Reve
nue. During the last fiscal year the Board 
issued 169 permits for export and 50 for 
import. In the same period, the Board issued 
70 permits for uranium exploration and 3 for 
uranium mining.

Radioisotopes

6. Dealings in radioisotopes are controlled 
by the Board through a comprehensive licens
ing system. Licences are issued only after 
the Board and its advisers are satisfied that 
the proposed use can be made without undue 
danger of injury or damage. If the use is for a 
medical purpose the application is reviewed 
by the Department of National Health and 
Welfare’s Committee on Clinical Uses of 
Radioisotopes and is checked to ensure that 
the material requested complies with the 
requirements of the Canadian Food and Drug 
Regulations. Periodic inspections are made, 
usually by officers of the Department of Na
tional Health and Welfare, on behalf of the 
Board, to ensure that the health and safety 
provis ons of the regulations and any licens
ing conditions are being followed. During the 
last fiscal year 16,152 shipments of radioactive 
isotopes were licensed.

Reactor Safety
7. Permission from the Board is required 

for the construction and operation of nuclear 
reactors in Canada outside of federal govern
ment establishments. In the granting of such 
permits the Board has the advice of its Reac
tor Safety Advisory Committee, which was 
established in 1956. Five Scientific Advisers 
of the Board’s staff follow the design, con
struction and operation of these reactors from 
the point of view of safety, act as inspectors, 
and assist the Reactor Safety Advisory Com
mittee generally. The Reactor Operators 
Examination Committee examines the 
qualifications of proposed operators of 
nuclear reactors on behalf of the Board.

Accelerator Safety
8. The Accelerator Safety Advisory Com

mittee, established in 1962, enquires into the 
hazards associated with the operation of the 
atomic energy research equipment in univer
sities that have been financed with the assist
ance of grants through the Atomic Energy 
Control Board, and, on request, the radiation 
hazards in operating similar equipment 
financed from other sources. The committee is 
assisted by one of the Board’s Scientific 
Advisers.

Special Fissionable Substances
9. The fissionable substances Uranium-235, 

Uranium-233, Plutonium and substances con
taining them in unnaturally high concentra
tion, are capable of producing a dangerous 
uncontrolled chain reaction under conditions 
which might occur accidentally outside 
nuclear reactors unless precautions are taken 
to avoid them. In 1962 the Board instituted a 
licensing control system which, through its 
provisions, allows the Board to satisfy itself 
of the adequacy of the safety and protective 
measures used in handling these materials. 26 
such licences were issued during the last 
fiscal year. The review of the protective meas
ures and the inspection is an important part 
of the duties of one of the Board’s Scientific 
Advisers.

Transportation of Radioactive Materials
10. The Board provides technical advice to 

the regulatory authorities for rail, sea and air 
transportation in connection with the packag
ing and shipping of radioactive materials. The 
Board itself has served as the regulatory au
thority for the transport of radioactive materi
als by road, pending the promulgation of dan-
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gerous commodities transport regulations that 
would be applicable. It also advises packaging 
designers, shippers and carriers regarding the 
regulatory requirements for the transporta
tion of radioactive materials. It endeavours to 
promote uniformity in the regulations appli
cable internationally and domestically.

International Activities
11. The Board supplies scientific and engi

neering advice on the various aspects of 
atomic energy to the Department of External 
Affairs. During the last year negotiations 
leading toward safeguards agreements were 
carried out with Brazil, Argentina and 
France. Discussions were held with the USA 
on the general safeguards and reporting 
procedures to be applied to uranium of 
Canadian origin which is to be toll enriched 
in the USA and re-exported to a third 
country.

12. To contribute to the development of 
effective safeguards procedures, Board officers 
took part in the deliberations of a working 
group established by the International Atomic 
Energy Agency to formulate special proce
dures for the extension of the Agency’s safe
guards system to nuclear fuel conversion and 
fabrication plants. Officers of the Board took 
part in other international conferences and 
metthings dealing with the various aspects of 
atomic energy.

13. Officers of the Board have performed 
safeguard inspections in the Federal Repub
lic of Germany, Switzerland, Japan and 
India to confirm that nuclear materials sup
plied by Canada were being used for peaceful 
purposes only. When the Non-Proliferation 
Treaty becomes effective the scale of safe
guarding inspection throughout the world will 
greatly increase and Canadian inspectors will 
be involved. The Board’s officers will also be 
called upon to provide the liaison in the 
application of international safeguards in 
Canada to our nuclear energy activities.

Grants in Aid of Research in the
Universities
14. In addition to its activities in formulat

ing with the approval of the Governor-in- 
Council, and administering, regulations in the 
field of atomic energy, the Board is author
ized to “establish, through the National 
Research Council or otherwise, scholarships 
and grants in aid for research and investiga
tions with respect to atomic energy, or for the

education or training of persons to qualify 
them to engage in such research and investi
gations.” Its grants are spent mainly in 
defraying the cost of acquiring atomic energy 
research equipment, in maintaining and oper- 
rating such equipment, and in defraying the 
other expenses involved in its use. Further 
information on the Atomic Energy Control 
Board Research Grants is given in Appen
dices II and III.

PART II

DEPENDENCE OF ATOMIC ENERGY 
CONTROL BOARD ON SCIENTIFIC 

RESEARCH AND ADVICE 
FROM EXTERNAL SOURCES

15. It has been the policy of the Atomic 
Energy Control Board to avoid establishing 
research facilities of its own. It receives con
siderable assistance in scientific advice from 
research personnel in other government 
organizations, including Atomic Energy of 
Canada Limited, the Department of National 
Health and Welfare, the National Research 
Council, Eldorado Nuclear Limited, the Geo
logical Survey of Canada, and the Mineral 
Resources Division of the Department of 
Energy, Mines and Resources. Sometimes 
research is undertaken to provide the infor
mation. Even when new research is not 
required by it, the advice needed calls for the 
kind of detailed scientific knowledge that 
research scientists are most competent to 
provide.

16. Scientific advice is sought on many 
questions that arise in assessing the safety of 
proposed nuclear reactors for licensing pur
poses, and in the safe handling of fissionable 
materials and radioactive substances. The 
help of scientists in the National Research 
Council and the Department of National 
Health and Welfare is particularly valuable to 
us in this regard. In the course of the reactor 
safety reviews, questions arise that can only 
be resolved by experiment. Applicants for 
reactor construction permits are persuaded to 
carry out research and investigation that will 
give adequate support to the claims they 
make for the safety embodied in their reactor 
designs.

17. Important technical assistance is provid
ed by the Radiation Protection Division of the 
Department of National Health and Welfare, 
some of whose officers act as inspectors on 
behalf of the Board to verify that radioactive 
materials licensed by the Board for use in
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hospitals, industry, universities and other 
places are handled in compliance with the 
Board’s regulations with respect to safety and 
other requirements.

18. Advice is often sought also in regard to 
scientific problems that could arise in connec
tion with the inspection of atomic energy 
facilities abroad, to confirm that nuclear 
materials exported from Canada are used for 
peaceful purposes only in compliance with 
the treaty obligations of the receiving nations.

19. Members of the staff of some of the 
federal organizations mentioned above, as 
well as provincial civil servants and scientists 
from the universities, are members of the 
Board’s Reactor Safety Advisory Committee 
and Accelerator Safety Advisory Committee, 
and their contribution in this regard is very 
valuable to the Board.

20. The Board, owing to its concern for 
protection of the public from the hazards of 
radiation exposure, is particularly aware of 
the need for the extension of scientific knowl
edge in regard to some of the biological 
effects of radiation, the uptake of radioactive 
contaminants in rivers and lakes by plants 
and animals, the retention and localization in 
the human body of particular radioisotopes 
that have been inhaled or ingested, and other 
relevant questions. There is considerable re
search in these subjects throughout the 
world, and the results are eagerly followed.

21. The greatest difficulty in assessing safe
ty of a nuclear power station is in estimating 
how much radioactive material might escape 
from damaged nuclear fuel in the event of an 
accidental equipment failure, and escape from 
the equipment, escape from the building, and 
be carried as dust in the air or as solution in 
rivers so that it would endanger health at a 
distance from the plant. Where there is un
certainty it is the practice to assume the worst, 
which leads to costly protective measures. 
Research investigations intended to reduce 
these uncertainties are very important 
because they would provide the justification 
for reduction is safety precautions. Examples 
of studies of this kind are the survey of the 
movements of water in Lake Huron close to 
the Douglas Point Nuclear Power Station con
ducted by the Great Lakes Institute under 
contract to Atomic Energy of Canada Limit
ed, and experiments at the Idaho National 
Laboratory as part of the collaboration pro
gram of Atomic Energy of Canada Limited 
and the United States Atomic Energy Com

mission to determine how much radioactive 
iodine accidentally released from damaged 
fuel in certain circumstances could escape 
from the reactor building.

22. Atomic energy technology is developing 
rapidly and subject to continuing change 
which is followed closely by the Board’s staff. 
Such change leads to important new problems 
for the Board, particularly in regard to 
its inspection and licensing activities. An 
important and immediate need in technical 
development for which Budget provisions 
should be made next year is better instru
ments to assist the Board’s safeguards inspec
tors in identifying fissionable materials and 
estimating their composition.

PART III

ENCOURAGEMENT OF APPLIED RE
SEARCH AND FUNDAMENTAL RESEARCH 

IN ATOMIC ENERGY IN CANADA

23. The Atomic Energy Control Board, 
through its regulatory and advisory activities, 
has associations with all aspects of the devel
opment and use of atomic energy in Canada. 
Some of its impressions regarding the prob
lems of encouraging research and develop
ment in atomic energy in Canada, reflected in 
the following comments, may, therefore, be 
of some interest to the Senate Committee on 
Science Policy.

Applied Research
24. It has been the policy of the federal 

government, particularly through the efforts 
of the Atomic Energy of Canada Limited and 
Eldorado Nuclear Limited to encourage as far 
as possible the participation of private corpo
rations in the building up of a nuclear indus
try in Canada.

25. Experience in atomic energy develop
ment in Canada has brought out very clearly 
the difficulties in fostering nuclear research in 
small industrial corporations. The disadvan
tage of small company size is not limited to 
the nuclear industry. It is a matter of concern 
expressed in the recent study of the Commit
tee for Science Policy of the Organization for 
Economic Cooperation and Development car
ried out in its member countries. They recog
nize that corporations of moderate size are 
often able, through their own efforts in 
research and development, to produce a 
successful product when the unit costs are 
relatively small and the quantities are large.
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However, where the unit costs of the finished 
product is high, as in the so-called heavy 
industries, the large corporation has a great 
advantage because it can invest the larger 
sums in research and development that are 
necessary before profits are realized, and it 
can accept the capital risks involved. Not sur
prisingly, it is chiefly in these areas that 
Canadian industry is least well equipped for 
research and development.

26. A nuclear power station is a product of 
very high unit cost. The number that can be 
marketed is relatively small. Canada very 
wisely concentrated on the development of 
only one type, and the choice of the natural 
uranium heavy water concept is proving to be 
sound. The United States has devoted most 
development work to two other types and 
already about a dozen have been built and 
put into operation and nearly forty are under 
construction. For the nuclear energy program 
in Canada, which is so much smaller, the 
research and development costs are, conse
quently, a greater relative burden, and longer 
time is needed for development.

27. A major difficulty in an industry deal
ing with very few and very large contracts is 
the fluctuation in the workload which affects 
even research and development. It is difficult 
to maintain an efficient research organization 
intact in the intervals between contracts. 
Although AECL has made great effort to 
assist private industry in building up research 
and development competence by contracts, 
and by encouraging some of the best of its 
own employees to find employment in the 
companies concerned, private industry in 
Canada has hesitated to establish research 
organizations suitable for nuclear energy 
problems. Two of the companies which did so 
a few years ago have practically abandoned 
their efforts to continue research in the field. 
It appears that the financial resources of gov
ernment are needed to provide for very large 
investment in research and development 
where there are such very large fluctuations 
and irregularities in financial returns.

28. Of course, “innovation" involves more 
than research. The process of innovation may 
progress through many stages before the prod
uct is ready for marketing; the idea, an out
line conceptual design, testing to find suitable 
materials, trials with models or mockups, 
redesign in the light of that experience, con
struction of a prototype, and elimination of 
faults by cut and try changes. Even when 
little or no research is involved, progress

29343—3

through these stages often requires considera
ble knowledge of the background science and 
technology. Such knowledge is most likely to 
be found in corporations that have an 
imaginative research staff that is able to 
maintain close contact with those engaged in 
the other aspects of innovation, and with 
management.

29. Effective use of scientific knowledge 
and research talent in industry requires con
siderable understanding by senior manage
ment of what research is, how it fits into the 
innovation process, and how scientists and 
research engineers think and work. This is 
one of the difficulties in encouraging research 
and development capability in companies 
where there has been little use of research in 
the past. Confidence in research and develop
ment comes from experiencing its successes.

30. It is unlikely that any radical change in 
policy or practice would quickly overcome 
these difficulties. There has been great 
progress since the war; further progress will 
continue to depend on government spending, 
on our efforts to keep abreast in scientific 
programs, and not least on the efforts of 
Canadian industry to stimulate and to exploit 
innovation.

The Role of Fundamental Research
31. In nuclear energy development, the 

contribution of scientists whose backgrounds 
were in basic science, working in collabora
tion with applied scientists and engineers, has 
been indispensible. In other industries as 
well, it is noticeable that large corporations 
that are particularly successful in innovation 
are also highly competent in research of a 
fairly fundamental nature. The laboratories of 
the Bell Telephone Company and the General 
Electric Company have provided many 
examples of achievement in basic science. 
The Ford Motor Company also is becoming 
very active in fundamental research. Funda
mental scientists were the first to see the 
possibilities of application that led to atomic 
energy, high speed computing devices, tran
sistors, etc. The nations that are industrially 
highly developed are just those nations that 
have reason to be proud of their achievements 
in fundamental science.

32. Concern has been expressed that our 
universities, by their emphasis on basic 
research, are neglecting training specifically 
for applied research. It is true that many 
research scientists would benefit from more
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training in some engineering subjects. 
However, knowledge and skill in the applica
tion of science can develop on the job, but 
the foundation of basic science that is needed 
is not so easily acquired after leaving the 
academic environment. Students with the 
kind of curiosity that is required for research 
are usually attracted first by fundamental 
science. Later with greater experience and 
new responsibilities, the interest of many of 
them turns to application. They would not be 
scientists at all, fundamental or applied, if 
they had not been first attracted by funda
mental science. This is one of the important 
reasons for the emphasis on fundamental 
science in our universities.

33. The urge to do research in the physical 
sciences and engineering stems from a great 
curiosity about materials and processes. The 
good applied research specialist, through his 
work, often becomes aware of gaps in scien
tific knowledge that excite his curiosity, even 
though the commercial application is not

obvious. If he is discouraged by short-sighted 
cost-benefit accounting practices from occa
sional digression away from immediate 
application, his keenness will be destroyed or 
he will be frustrated to the point of seeking 
employment elsewhere. Applied research 
inspires fundamental research, just as funda
mental research arouses interest in applica
tion. The two are complementary and thrive 
better together. This is true in government 
laboratories as in industrial laboratories.

34. The Atomic Energy Control Board is 
wholly in sympathy with the current efforts 
to build up competence in applied research in 
Canadian industry. In the present emphasis 
on applied research, however, there has been 
some tendency to regard basic research as a 
less worthy competitor—not as an essential 
partner. The preceding paragraphs are 
prompted by concern that support of funda
mental research may suffer unduly in 
consequence.
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APPENDIX I

ATOMIC ENERGY CONTROL BOARD 
FINANCIAL STATEMENT FOR THE YEAR 1967-1968

RECEIPTS

Parliamentary Appropriations—

Vote 1 (Administration Expenses A.E.C.B.)............... $ 301,717

Vote 5 (Research and Investigations with Respect
to Atomic Energy) .............................................. $2,500,000

$2,801,717

EXPENDITURES

Administration Expenses A.E.C.B.—
Salaries and Wages ........................................................... $ 255,071
Professional and Special Services ........................... 340
Travelling Expenses ............................................................ 25,224
Postage ...................................................................................... 366
Telephone and Telegrams ................................................ 4,976
Publication of Annual Report and other material . . 1,108
Office Stationery, Supplies and Equipment ................ 10,117
Expenses of Board Members ............................................
Sundries .................................................................................... 4,515

$ 301,717
Grants-in-Aid

(Research and Investigations with Respect to Atomic
Energy)—

Capital and Annual Research Grants............................. $2,500,000

Total Expenditures ........................................................... $2,801,717
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APPENDIX II

ATOMIC ENERGY CONTROL BOARD RESEARCH 
GRANTS TO UNIVERSITIES

1. The Board’s grants in aid of research within the last five years were distributed to Canadian universities 
as indicated in the following table:

AECB Research Grants to Universities 
Expressed in Thousands of Dollars

(NRC Grants for Nuclear Particle Accelerators are shown in Parentheses)

1962-63 1963-64 1964-65 1965-66 1966-67 1967-68

U. of Alta............................................ ............ 73.0 73.0 93.0 105.0 160.0 254.0
(226.0) (226.0) — — — —

U.B.C................................................... ............ 120.0 150.0 235.0 270.0 320.0 321.0

Laval U................................................ ............ 34.0 34.0 79.0 190.0 270.0 362.0
— (275.0) (65.5) — — —

U. of Manitoba.................................. ............ 95.0 120.0 140.0 180.0 2,50.0 298.0

McGill U............................................. ............ 125.0 140.0 155.0 170.0 200.0 234.0

McMaster U........................................ ............ 140.0 170.0 180.0 185.0 200.0 226.0
— — — — (.540.0) (580.0)

U. of Montreal................................... ............ 33.0 33.0 33.0 25.2
— — (75.0) (316.0) (414.8) (635.0)

Queens U.............................................. ............ 55.0 55.0 55.0 130.8 69.0 120.0

U. of Sask............................................ ............ 95.0 125.0 280.0 345.0 431.0 481.0
(250.0) (250.0) — — — —

Ottawa and Carleton U................. 81.0
— — (250.0) (25.0) (39.9) —

Toronto U............................................ 23.0
— — (550.0) (125.0) (200.0) (320.0)

Triumf.................................................. 100.0 100.0
— — — — (20.6) —

AECB Total .................. ............ 770.0 900.0 1,200.0 1,600.0 2,000.0 2,500.0

NRC Total........................ ............ (475.0) (750.0) (940.5) (466.0) (1,202.7) (1,535.0)

2. The National Research Council also 
makes grants for a similar purpose. These are 
included in the tabulation in parentheses in 
order to provide a more complete picture of 
the distribution of federal government sup
port of atomic energy research involving 
large research installations in the universities. 
It does not include a number of comparative
ly small grants to some individual scientists, 
and NRC scholarships to graduate students 
who make some use of the equipment 
financed by these grants. The two agencies

consult and collaborate closely in making 
these awards and the fact that a particular 
university is supported by one agency or the 
other is merely a matter of administrative 
convenience. It is the total to a particular 
university from both agencies that is 
significant.

3. All of the funds available to this agency 
for support of scientific activities was actually 
expended during each of the fiscal years 1962- 
63 to 1967-68. The percentage of the total
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funds requested that was actually granted 
was as follows:

1962-63 ............... ............... 77.0%
1963-64 ............... ............... 83.6%
1964-65 ............... ............... 78.4%
1965-66 ............... ............... 82.7%
1966-67 ............... ............... 83.4%
1967-68 ............... ............... 86.3%

4. A large part of this expenditure on 
nuclear energy research in the universities is 
for the construction and use of “particle 
accelerators” and the associated equipment. 
Particle accelerators are large electrical 
devices which accelerate electrically charged 
parts of atoms, called “ions” or “particles”, to 
very high energies. These particles, travelling 
at very high speed, can be thought of as 
probes with which the scientists investigate 
the structure of atoms. Most of our under
standing of nuclear energy phenomena has 
been gained through their use.

5. The higher the energy of the particles is 
the more effective they are in revealing fine 
details in the atom. This has led to the 
proposal for the so-called TRIUMF particle 
accelerator which is much more powerful 
than any at present existing in Canada. It is 
expected to cost $19,000,000 to build, and 
thereafter $4,000,000 per annum to operate it 
and the associated research laboratories. 
Although located on the campus of the Uni
versity of British Columbia, it is intended to 
serve in addition the Universities of Victoria, 
Simon Fraser and Alberta.

6. TRIUMF is not designed to compete with 
the much larger and more costly particle 
accelerators in other countries that are used 
in the search for not yet discovered kinds of 
elementary particles and the study of their 
properties. TRIUMF is of intermediate size 
and is intended chiefly for a different kind of 
research, that is, research in important areas 
of nuclear physics that have yet scarcely been 
explored. It would give Canadian scientists 
the advantage of opportunities of research in 
this field that would be almost unique in the 
world.

Approval of Applications for Grants
7. Application to the Board for a grant in 

aid of research is made by the scientist who 
assumes responsibility for its conduct. He is 
usually the head of a university department 
or the leader of a small group of scientists. 
The application is accompanied by considera

ble information regarding the design and 
expected performance of any new apparatus 
as well as the kind of research problems to 
which it will be applied. Information also is 
provided regarding the scientific careers of 
the applicant and his associates. Information 
is provided on the intended use of the funds, 
detailed under such headings as maintenance, 
ancillary equipment for special experiments, 
general laboratory supplies and replacements, 
salaries of technical staff and operators, pow
er, etc. A report is required on the research 
conducted during the previous year and on 
the future program.

8. These applications are reviewed by a 
small committee* which includes scientists of 
established reputation in nuclear energy 
research, and, for liaison reasons, the Presi
dent of the AECB. This committee, called the 
AECB/NRC Visiting Committee, reports to 
both the AECB and the National Research 
Council. Thus, by bringing the applications to 
the two organizations under review by the 
same committee, a common standard is estab
lished and duplication is avoided. Each 
recipient is visited about once a year by at 
least one of the committee and from time to 
time by the committee as a whole.

9. Obviously the award of the grant and its 
amount depends very much on the judgment 
of the committee in its assessment of the 
abilities, judged by past performance, of the 
applicants and of the scientific investigations 
they propose to undertake. There appears to 
be no other practicable way of assessing the 
promise of fundamental research than the 
judgment of specialists in the field, but it is 
remarkable in practice how closely the judg
ments made quite independently by good 
scientists agree in such appraisals.

10. In recent years, the Board has 
endeavoured to avoid encouraging the estab
lishment of new centres of atomic energy 
research in Canadian universities, believing 
that funds available for nuclear energy 
research are better spent by building up the

* Members of the Committee are:
Dr. L. G. Elliott, Director of Research, Atomic 

Energy of Canada Limited—Chairman;
Dr. G. Griffiths, Professor of Physics, University 

of British Columbia;
Dr. E. P. Hincks, Professor of Physics, Carle- 

ton University;
(Alternate: Dr. J. T. Sample, Professor of 

Physics, University of Alberta) ;
Dr. G. C. Laurence, President, Atomic Energy 

Control Board;
(Alternate: Mr. P. E. Hamel, Assistant Scien

tific Adviser—Accelerators, AECB).
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strength of existing centres, and that less universities to be strong in nuclear science; 
benefit will result if they are spread too some universities should be encouraged to 
thinly. It is not necessary or possible for all excel in other branches of physical science.

APPENDIX III

BRIEF COMMENTS ON RESEARCH 
SUPPORTED BY THE 

ATOMIC ENERGY CONTROL BOARD

L. G. Elliott*

1. The following eleven universities have 
major installations in nuclear science and 
receive grants in aid of research from the 
Atomic Energy Control Board:

McGill University, Montreal,
The Foster Radiation Laboratory
2. The main research facility at this labora

tory is a 100 MeV proton synchro-cyclotron. 
The machine began operation in 1950 and is 
still the highest energy proton accelerator in 
Canada. Centered about this accelerator is a 
well-conducted and active program in nuclear 
structure and cross-section studies. Of par
ticular note, internationally, was the discov
ery and competent study in this laboratory of 
a series of nuclear species which emit delayed 
protons. About 7 professors, 3 post-doctorate 
fellows, and 19 graduate students are using 
this facility at the present time.

University of British Columbia,
Vancouver—Physics Department
3. Low energy nuclear physics research is 

carried out at this University using a 2.5 MeV 
electrostatic generator which came into full 
operation in 1952. This machine provides 
beams of protons, deuterons, He-3, and He-4 
ions, and a detailed and worthwhile study of 
nuclear reaction mechanisms is being carried 
out. About 7 professors, 3 post-doctorate fel
lows and associated graduate students are 
presently using this facility. It is anticipated 
that this machine will phase out of use during 
the next five years as the TRIUMF facility 
(described below) comes into operation.

4. Several small scale experiments in plas
ma physics research are being supported in 
this University and a significant research con
tribution is being made by a team of about 5 
professors, 2 post-doctorate fellows and 20 
graduate students.

* Dr. Elliott is Chairman of the AECB/NRC 
Visiting Committee (see page 20).

McMaster University, Hamilton
5. The operation of a nuclear research reac

tor is supported at this University. This reac
tor began regular operation in 1960 and is the 
only reactor on a Canadian university campus 
at the present time. Strong research pro
grams, also supported by the NRC, are direct
ed by some 25 university staff members in 
the fields of Biochemistry, Biology, Chemistry, 
Chemical Engineering, Geology, Metallurgy, 
Nuclear Engineering, Nuclear Medicine and 
Physics.

University of Alberta, Edmonton,
Nuclear Research Center
6. Nuclear physics research was started at 

this University using a 2 MeV electrostatic 
accelerator and was expanded in 1964 when a 
5.5 MeV electrostatic accelerator was 
acquired. The research group, consisting of 
some 6 professors, several post-doctorate fel
lows, and associated students, have a produc
tive program on nuclear structure and reac
tion studies and have demonstrated special 
competence in neutron measurement tech
niques and on-line computer data processing.

Université Laval, Québec—

Laboratoire du Van de Graaff
7. A 5.5 MeV electrostatic accelerator was 

commissioned at this University in 1964. Sig
nificant programs of study of nuclear reac
tions, motions of charged particles in crystal
line solids, and the atomic spectra from mul
tiply ionized atoms have been initiated and 
are growing. About 4 professors, several visi
tors, and 12 graduate students are involved in 
this work at present.

University of Manitoba, Winnipeg,
Cyclotron Laboratory
8. A spiral ridge cyclotron with an intense 

beam of 50 MeV protons was constructed in 
this laboratory and in 1964-65 came into oper-
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ation. During the past three years an effective 
research team of about 6 professors, several 
post-doctorate fellows, and associated gradu
ate students has been assembled and several 
advanced techniques in nuclear structure 
studies are now being exploited.

University of Saskatchewan, Saskatoon,
Physics Department
9. In 1950 a 25 MeV electron betatron was 

acquired by this University and notable 
pioneering work in photonuclear studies was 
carried out over the next decade by a team 
of about 3 professors and associated students. 
In 1965 a 140 MeV linear electron accelerator 
was commissioned and an active team of 
about 3 professors, several post-doctorate fel
lows, and associated students have now devel
oped a significant program in studies of 
nuclear structure and the interactions of high 
energy electrons with nuclei.

10. Several modest experiments in plasma 
physics research are being supported at this 
University and a worthwhile contribution is 
being made by a team of 3 professors, 3 post
doctorate fellows, and associated graduate 
students.

Queen’s University, Kingston,
Physics Department
11. A 70 MeV electron synchrotron was 

used for about fifteen years in a modest 
nuclear physics research program at this 
University. This facility has now been aug

mented by a 3 MeV positive ion accelerator 
which became operational in 1966. A team of 
about 5 professors and associated graduate 
students are now developing a program of 
nuclear structure studies with this accelerator 
and with larger accelerators at Chalk River 
Nuclear Laboratories and the University of 
Toronto.

University of Ottawa and 
Carleton University—

Dynamitron Facility
12. An intense 3 MeV positive ion accelera

tor was commissioned at the University of 
Ottawa in 1967 and is intended for joint use 
by the Physics Departments of the University 
of Ottawa and Carleton University. About 5 
professors and associated students intend to 
use this facility in nuclear structure and reac
tion studies.

University of Alberta,
University of British Columbia,
Simon Fraser University and 
Victoria University
13. A new project known as TRIUMF, with 

the joint participation of the above four uni
versities, has recently been initiated. A strong 
team of scientists has now been formed and 
has commenced the design and development 
of an intense 500 MeV proton spiral ridge 
cyclotron for use as an effective research tool 
in the developing field of intermediate energy 
nuclear physics.
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ORDERS OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday Sep
tember 17 th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by the 
Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider and 
report on the science policy of the Federal Government with the object of 
appraising its priorities, its budget and its efficiency in the light of the 
experience of other industrialized countries and of the requirements of 
the new scientific age and, without restricting the generality of the fore
going, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the Fed
eral Government in the fields of physical, life and human sciences;

(c) federal assistance to research and development activities 
carried out by individuals, universities, industry and other groups in 
the three scientific fields mentioned above ; and

(d) the broad principles, the long-term financial requirements 
and the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such coun
sel, staff and technical advisers as may be necessary for the purpose of 
the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to ad
journ from place to place;

That the papers and evidence received and taken on the subject in 
the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 

Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”

Extract from the Minutes of the Proceedings of the Senate, Thursday, Sep
tember 19th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the 

Honourable Senator Benidickson, P.C.:
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That the name of the Honourable Senator Robichaud be substituted 
for that of the Honourable Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER, 
Clerk of the Senate.
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MINUTES OF PROCEEDINGS
Thursday, November 21st, 1968.

Pursuant to adjournment and notice the Special Committee on Science 
Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Belisle, Hays, 
Kinnear, Robichaud, Thompson and Yuzyk. (7).

In attendance:
Philip Pocock, Director of Research (Physical Science).

The following witnesses were heard :
DEPARTMENT OF AGRICULTURE:

Sydney B. Williams, Deputy Minister;
James C. Woodward, Assistant Deputy Minister (Research) ;
Bert C. Migicovsky, Director-General, Research Branch;
Glen R. Purnell, Director-General, Economics Branch;
Arthur J. Skolko, Research co-ordinator (Plant Pathology), Research 

Branch;
Kenneth F. Wells, Veterinary Director- General ; and H. Ronald Manery, 

Programme Co-ordinator, Economics Branch.

(A curriculum vitae of each witness follows these Minutes.)

At 12.45 p.m. the Committee adjourned until 3.30 p.m. this day.

AFTERNOON SITTING

The Committee resumed at 3.30 p.m., the Chairman, Senator Lamontagne, 
presiding.

Present: The Honourable Senators Lamontagne (Chairman), Belisle, Hays, 
Kinnear, Robichaud, Thompson and Yuzyk. (7)

In attendance:
Philip Pocock, Director of Research (Physical Science).

The witnesses at the morning sitting were further questioned.

The following is printed as Appendix No. 10:
Brief submitted by the Department of Agriculture.

The Department has also submitted 19 appendices in support of their 
brief. These have been retained by the Committee as Exhibits.

At 5.45 p.m. the Committee adjourned to the call of the Chairman.

ATTEST:
Patrick J. Savoie,

Clerk of the Committee.
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Purnell, Glen R. B.S. (1952) Utah State; M.S. (1953) Montana State; Ph.D. 
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Skolko. Arthur J. B.Sc.F. (1935) Toronto; M.A. (1939) Toronto; Ph.D. (1943) 
Toronto; 1939-46, Forest Pathologist, Division of Botany and Plant Pathology, 
Canada Agriculture; 1946-48, Head, Forest Pathology Laboratory, Fredericton, 
N.B.; Honorary lecturer, Biology Department, University of New Brunswick; 
1948-55, Head, Seed-borne Diseases Unit, Division of Botany and Plant Path- 
alogy; 1955-58, Associate Chief, Division of Botany and Plant Pathology; 1959, 
Research Coordinator (Plant Pathology), Research Branch.

Wells, Kenneth F. D.V.M. (1939) Guelph; 1939, Lecturer, Macdonald Col
lege; 1940-45, Contagious Diseases Control Division, Canada Agriculture; 1945- 
47, Supervisor, Pullorum Control and Hatchery Sanitation; 1947, Health of 
Animals Branch; 1952, Chief Veterinarian, Health of Animals Branch; 1955, 
Veterinary Director-General.

Manery, H. Ronald B.Sc. (1947) Alberta; B.Litt. (1954) Oxon; 1947-51 and 
1954-55, Economist, Economics Branch; 1956-57, seconded as Agricultural 
Economist to Development and Welfare Organization, British Colonial Office; 
1958-59, Economist, Economics Branch; 1960-66, Chief, Publications Section, 
Information Division; 1967, External Aid Assignment to Trinidad and Tobago; 
1968, Programme Co-ordinator, Economics Branch.

Curriculum Vitae

Williams, Sydney B. B.S.A. (1934) McGill; M.Sc. (1936) McGill; 1935-52, 
Research officer, Animal Husbandry Division, Canada Agriculture; 1941-45, 
Canadian Army; 1952-59, Superintendent, Experimental Farm, Nappan, N.S.; 
1959, Director of Administration, Research Branch; Director of Administration, 
Department of Agriculture; 1960-62, Director-General, Production and Market
ing Branch; 1962-67, Assistant Deputy Minister (Production and Marketing) ; 
1967, Deputy Minister; 1962, Chairman, Agricultural Stabilization Board.

Woodward, James C. B.S.A. (1930) McGill; M.S. (1932) Cornell; Ph.D. 
(1934) Cornell; Post-doctorate transfer (1948) California; 1929-31, Assistant 
Agronome, Quebec Department of Agriculture; 1934-37, Research Assistant, 
Chemistry Division, Canada Agriculture; 1937-41, Chemist, Chemistry Division; 
1941-45, Canadian Army; 1946-48, Chemist, Pilot Fibre Flax Mill, Portage la 
Prairie; 1948-49, Head, Plant Chemistry Section, Chemistry Division; 1949-55, 
Chief, Chemistry Division; 1955-59, Associate Director, Experimental Farms 
Service; 1959-63, Assistant Director-General (Program), Research Branch; 
1963-68, Associate Director-General, Research Branch; 1968, Assistant Deputy 
Minister (Research).
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THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE

MORNING SITTING 

(first session)

Ottawa, Thursday, November 21, 1968.

The Special Committee on Science Policy 
met this day at 10 a.m.

Senator Maurice Lamontagne (Chairman) 
in the Chair.

The Chairman: Honourable senators, as we 
are all aware, the Department of Agriculture 
has been one of the oldest research agencies 
in science in Canada and still is one of the 
most important research centres within the 
federal government.

This morning we are very pleased indeed, 
I am sure, to have with us a very important 
delegation from the Department of Agricul
ture, headed by Mr. Sydney B. Williams, the 
Deputy Minister, Dr. Woodward, Assistant 
Deputy Minister in charge of research, 
Dr. Migicovsky, Director-General, Research 
Branch, Dr. Purnell on the extreme right, 
Director-General, Economics Branch, Dr. 
Skolko, Research Co-ordinator, Plant 
Pathology, Research Branch, and, finally, Dr. 
Wells, the Veterinary Director-General.

I am sure that with this kind of delegation, 
sir, all members of the Committee will 
receive full answers to their questions, but 
before we come to the general discussion 
period I understand that Mr. Williams, the 
Deputy Minister, wants to make an opening 
statement which will give us some highlights 
of the documentation which has been sup
plied to the Committee.

Mr. S. B. Williams, Deputy Minister, 
Department of Agriculture: Mr. Chairman, 
honourable Senators, I and my colleagues 
welcome very much the opportunity you 
have afforded us today to appear before you 
and to discuss with you our brief.

As the Chairman has mentioned, we have 
here with us the Assistant Deputy Minister,

who has direct responsibility for research 
across the whole department, as well as the 
three director-generals of the branches in 
which we have our research effort. I will not 
introduce these gentlemen again, this has 
been done, but I would like to say at the 
onset that while I am going to make the 
opening statement I expect these gentlemen 
to bear the brunt of your questioning.

Also we have with us Dr. Skolko, who is a 
research co-ordinator in the research branch 
and whose function was the immediate 
responsibility for the collection and collation 
of the material that appears in the brief. The 
brief itself is the result of a joint effort of a 
committee representing the various fractions 
of the department in which research is 
involved. In carrying out the task of prepar
ing the brief, we have consulted with your 
directors of research and I may say that I 
believe we have honestly made every effort 
to provide information both as to format and 
as to content as set out in your guidelines.

Your Chairman has mentioned the fact 
that the Canada Department of Agriculture is 
one of the oldest research entities within the 
federal service; it was established in 1887 as 
the result of an act that was passed in 1886. 
Originally it consisted of five experimental 
farms and the original work consisted very 
largely of the testing of varieties and the 
testing of practices.

About the mid-thirties the department 
underwent a reorganization and involved in 
this reorganization was the research branch. 
The reorganization was motivated largely by 
the fact that agricultural research was 
increasing in complexity and it was felt 
desirable to emphasize specialization in order 
to attract specialists to various areas.

At that time the service was divided into 
two discreet units, one known as the Experi
mental Farm Services and the other side 
known as the Science Services. This organi
zation continued until 1959 and there was a
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growing feeling at that time that once again, 
and this may sound a little contradictory, but 
we took opposite action because of essentially 
the same facts, but it is not quite as contra
dictory as it may sound, in that the action 
was once again motivated by increasing 
complexity, this time not of the fields of 
study so much as the problems. It was felt 
that the only way that some of these major 
problems could be handled was through the 
team approach. Consequently the Science 
Service, as it was then known, and the 
Experimental Farm Services were amal
gamated into a single branch, known as the 
Research Branch. That organization stands at 
the present time and you do have in your 
documents charts showing the details of 
organization.

In so far as research is associated with 
health of animals and veterinary practice, it 
is maintained as a separate unit within our 
Health of Animals Branch and it supports 
the activities of the Health of Animals 
Branch as well as doing research in the over
all area of livestock health.

Our Economics Branch, while it is a sepa
rate unit that stands by itself, provides 
research and support facilities for the entire 
department.

I would ask you, ladies and gentlemen, to 
examine the brief in the light of the fact that 
agriculture is our most important primary 
industry. It has been and is undergoing 
extremely rapid change. The number of 
farmers has decreased from over 733,000 in 
1941 to just over 430,000 in 1966. During this 
same period the total farm area has remained 
essentially constant at about 174 million 
acres. Obviously with the decrease in the 
numbers of farmers farm size has increased 
proportionately and over the period changed 
from 237 acres to 404 acres.

It is noteworthy that over the same period 
total productivity increased by about 67 per 
cent. Along with the increase in farm size 
and in productivity has come an increase in 
capitalization—land, machinery and equip
ment, and livestock.

Perhaps more important, not only has our 
average Canadian farm changed physically, 
but the complex interrelationships of the pro
duction operations of the farm with the 
manufacturing and distribution of supplies 
and equipment to be used on the farm and 
with the processing and distribution func
tions for farm products has greatly changed.

In 1967 goods and services used by farmers 
in their farm business, as distinct from their 
own living costs, were valued at $2.6 billion 
as compared with $1.4 billion a short ten 
years earlier. On the output side, about 25 
per cent of our manufacturing industries are 
users of raw material of farm origin. In 1964, 
the latest year for which complete informa
tion is available, some 7,400 establishments 
out of a total of 33,000 manufacturing plants 
were engaged in processing foods.

Nor can we forget the impact of the rapid
ly changing agriculture on the consumer. The 
percentage of disposable income used for 
food has decreased year after year from 
about 25 per cent through the early fifties to 
under 20 per cent at the present time. This 
has occurred at the same time that we have 
enjoyed steadily increasing quality, variety 
and convenience in our diet. To put it anoth
er way, an average hour’s earnings by a 
worker in the manufacturing sector in 1946 
bought 1.4 dozen eggs. In 1967 it bought 4.4 
dozen.

However, ladies and gentlemen, your 
assignment this morning is to inquire into the 
research and development activities and 
expenditures of the Department of Agricul
ture and my specific assignment is to high
light the detailed information contained in 
our submission to you. In the administration 
of some 34 acts of parliament and the over
all co-ordination of agricultural effort, there 
are many facets of work in our department. 
Research and development is an integral part 
of the over-all program as our scientists 
attempt to solve problems rather than to 
design procedures to live with them; as they 
attempt to ensure that regulations under the 
acts are based on sound scientific principles; 
and as they are the source of expertise in 
coping with the day-to-day problems present
ed to the department.

Our brief and the appendices are contained 
in the envelope before you. The brief, the 
document in the black cover, is organized as 
laid down in your guidelines. I will attempt 
to highlight each section.

On pages 7 to 22 we deal with the problem 
of organization and here I would wish to 
draw your attention in particular to the role 
of the Canadian Agricultural Services Co
ordinating Committee and its subcommittees 
in co-ordinating the total Canadian agricul
tural research effort, which involves the fed
eral government, the provincial governments
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and universities. In addition, of course, 
industry participates in the work of certain 
of the subcommittees, in particular those 
involved with pesticides and with soil fertili
ty practices.

You will note that the section includes 
detailed organizational charts for our 
research branch, the economics branch, the 
animal pathology division of the health of 
animals branch, the library, and the grain 
research laboratory of the Board of Grain 
Commissioners. It includes also reference to 
the Commonwealth Agricultural Bureaux 
and the Food and Agricultural Organization 
of the United Nations.

The following 30 pages deal with organiza
tional functions. In it our functions and 
responsibilities under our statutory authority 
are described in some detail. The primary 
aim or objective is to improve the efficiency 
of production and quality of agricultural pro
ducts and to develop and modify products to 
meet current and future market require
ments. Our activities towards this aim are 
mission- or problem-oriented but broadly 
founded on basic, applied, and developmental 
research. They include providing leadership 
in the development of a balanced, co-ordinat
ed program of agricultural science in Canada. 
We will require further clarification of the 
role of the Canadian Agricultural Services 
Co-ordinating Committee in the agricultural 
sphere relative to that of the Science Council 
role in total Canadian research and 
development.

The next five pages deal with the questions 
you have raised in respect of personnel poli
cies. Our personnel policies as they relate to 
recruiting, training and development have 
been, we believe, reasonably satisfactory. 
Our most serious limitation has been our 
inability to compete for scarce resources 
because of the inflexibility of federal salary 
scales. Currently, economists, agricultural 
engineers, as well as French-speaking 
Canadians generally are in short supply.

The new research management and 
research scientist classes represent real prog
ress in our view in personnel management. 
We need now such a class for economists, 
where progression will be related to 
accumulated and current productivity rather 
than to establishment.

Following that is the section that probably 
is of greatest significance to us and possibly 
to yourselves; that is the section that deals

with the distribution of activities and the 
allocation of resources.

The distribution of activities in a problem- 
oriented department such as ours is under 
continuing review. We must consider not 
only an organization for effective research, 
but an organization which lends itself to the 
closing of the gap between knowledge and 
practice. The latter is promoted by associat
ing scientists with problems where they 
occur, with the initiator producers, and with 
the provincial staff involved in recommend
ing practices, and in extension.

With improved communication and trans
portation facilities the trend has been to 
concentrate staff at fewer establishments, to 
take advantage of multi-disciplinary capa
bilities and the economy of shared facilities. 
It is our belief that this trend will continue.

Then follow 12 pages of facts and factors 
associated with personnel that are involved 
in our scientific activities. In this you will 
note that some 41.5 per cent of departmental 
personnel are engaged in scientific activities. 
Of these, 26 per cent are in the professional 
category and the remaining 74 per cent are 
in support of the activities of the profession
als. The trend is and shall be towards a 
widening of this one to three ratio of profes
sional to support staff.

I am concerned, particularly in a depart
ment such as ours which I have indicated is 
problem-oriented, that 39 per cent of our 
Ph.D.’s are of foreign birth. This is reflection 
of the supply of qualified Canadians availa
ble at the salary scales which prevailed prior 
to 1968. The supply is related to the number 
of Canadian undergraduates who go forward 
to agriculturally-oriented graduate studies 
rather than to the facilities for graduate 
work. It is our view that the Public Service 
Commission’s new career introduction pro
gram is a step in the direction towards a 
solution to this problem.

We have a short section of two pages cov
ering expenditures associated with our scien
tific activities. I may say that the historical 
expenditures, as contained in this section, are 
not very meaningful unless supported by 
examples in terms of buying power. For 
example, the operating budget of the 
research branch increased from $22.7 million 
in 1961-62 to $34.9 million in 1968-69, or by 
about 54 per cent. The costs in salaries and 
wages per man-year increased 63.8 per cent, 
while costs of non-pay items increased 36.4
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per cent. In 1968-69 the pay component rep
resents 79.6 per cent of the operating costs. 
Thus it is obvious that despite the increases 
in the actual budget, these increases are not 
keeping up with costs.

A major section follows associated with 
research policy; here we have gone into con
siderable detail on our approach to establish
ing priorities, both intramurally and 
extramurally between programs and projects 
and our procedures for authorizing and dis
continuing activities. For many years we 
have operated on a formal project system 
which we believe is probably one of the best 
and most mature and most sophisticated in 
the world. Thus we have a tool for the con
tinued evaluation of our program in the light 
of the changing needs of the industry. It is 
proving invaluable in implementing the new 
techniques of managing by objectives and of 
planning, programming and budgeting. Our 
primary means of adjusting between pro
gram areas is in recruiting replacement 
scientists. For example, in the period under 
review we have been able to completely 
adjust our approach to the chemical control 
of pests largely by replacing economic 
entomologists with pesticide chemists. We 
have built up a sound corps of mathematical 
statisticians to improve our experimental 
designs and permit the exploitation of 
advances in data processing; we have estab
lished our Food Research Institute and we 
are making progress toward strengthening 
our program in agricultural engineering.

We probably should have elaborated fur
ther on our efforts to transfer research 
results to users. One important development 
which is not mentioned is our policy of offer
ing accommodation at our research stations 
to provincial extension personnel. For exam
ple, extension personnel at Kentville, Delhi, 
Harrow and Saskatoon, that is provincial 
extension personnel, are now housed with 
our staff.

In terms of sheer volume the greatest por
tion of your book is taken up with research 
output, which runs to just under 50 pages.

It is easy to list numbers of publications, 
patents, et cetera, as a measure of research 
output. However, our over-all interest is the 
realized and potential contribution to the eco
nomic and social advancement of Canada.

In my opening remarks I mentioned the 
great increase in productivity, the growth 
and development of both the input and out
put industries, and the fact that the consum

er is requiring a continually decreasing por
tion of his disposable income to provide an 
increasingly sophisticated diet. Our research 
and technology we believe have played no 
small part in these developments.

To return to the brief, however, you will 
find several examples of economic and scien
tific contributions. These are taken from 
reports by directors and have been selected 
to give a representative spectrum from high
ly applied research to research in considera
ble depth. If you examine the headings I am 
sure you will find examples that will be of 
particular interest to you.

I may say also that at the end of the room 
we have set up a display of some of the 
publications, both continuing publications 
and specialized publications, as well as publi
cations that are essentially extension and this 
is, I can assure you, ladies and gentlemen, 
only a sample of the type of thing that is 
being put out at the present time and has 
been put out in the past by the department.

Projects: this section, with appendices 11 to 
18, includes our complete lists of projects for 
the years 1964 and 1968. The decrease in the 
number of projects in the research branch 
and the grain research laboratory is due to 
our efforts to consolidate lines of investiga
tion designed to solve a specific problem as a 
single project. For example, in a given plant 
breeding project, we may have grouped the 
work of a multi-disciplinary team of breed
ers, physiologists and pathologists together, 
and included the introduction of genetic 
materials and the testing of selections arising 
from the research. Thus, the trend to fewer 
projects reflects evolution in the development 
of our system. Presently, in implementing the 
new concepts of management by objectives 
and planning, programming and budgeting, 
we are defining objectives and goals and 
grouping projects as activities toward each 
goal. In addition, we are attempting to devel
op a system of cost/benefit analysis to apply 
to these projects.

I think you will be interested in our pro
gram as it relates to the over-all Canadian 
effort. Appendix 2, the small yellow covered 
pamphlet, is a report on our 1966 inventory 
of research projects. The results are summa
rized in Tables 1 to 10.

I would prefer to conclude my opening 
remarks now in anticipation of the questions 
you may wish to raise. I know that agricul
ture has many problems which are attracting 
the attention of the general public and its
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representatives. We are appreciative of this 
opportunity to supply you with the informa
tion you have requested. I assure you that 
Dr. Skolko and his committee have made an 
honest effort to follow your guidelines and 
that the brief has not been biased by my 
opinions or those of any other senior officials.

I would like, however, to qualify one thing 
that appears in the brief, namely the recom
mendation suggesting a nominal growth rate 
of 3 per cent. This relates to growth in man
power. My best information is that it is 
necessary to increase financial support by 
from 10 to 12 per cent per annum in order to 
maintain the established level of activity.

Thank you , Mr. Chairman.

The Chairman: Thank you very much, Mr. 
Williams. Now we will have our usual ques
tion period; I am sure that you will recognize 
the member of the Committee who will initi
ate the discussion this morning, Senator Hays.

Senator Hays: Thank you, Mr. Chairman. 
First, Mr. Chairman and gentlemen, I would 
like to commend the Department of Agricul
ture for the work that is in the brief. I have 
had the opportunity and pleasure to be at 
most of the meetings that we have had of the 
scientific policy committee and I think this is 
certainly comparable with the very best 
briefs. It is well covered. I think it is a real 
honest effort to present all of the problems 
and all of the work that the research depart
ment is doing in the Department of Agricul
ture. I think it would take three or four days 
to examine it properly and I know that we 
just have today and I have a number of 
questions, but it is an excellent brief and I 
want to congratulate you on the brief and 
those who were responsible for putting it 
together.

Some of the questions that I should like to 
ask, and I will give them singly, are old 
programs and how do you decide to get rid 
of old programs? How your costs relate to 
the costs in the United States in so far as 
research is concerned, or how does our budg
et compare with the United States’ budget? 
What we are doing in the field of basic 
research, and all that sort of thing, and inas
much as Mr. Williams, the Deputy Minister, 
was chosen one time as one of our Olympic 
people to go to Finland, I would like as the 
last question to ask him by how many points 
he believes Calgary will beat Ottawa in the 
Grey Cup?

The Chairman: Well, I must say that your 
question would be out of order.

Senator Hays: In connection with federal- 
provincial problems, and you mentioned fed
eral-provincial jurisdiction in the field of 
agriculture and according to the B.N.A. Act, 
it is discussed on page 23 and on page 37 it is 
stated:

Since jurisdiction over agriculture is 
shared by federal and provincial govern
ments, and since jurisdiction over scien
tific activities is not mentioned in the 
B.N.A. Act at all, there would appear to 
be a tremendous field for duplication and 
conflict.

I am going to skip around a bit. On page 
92, paragraph 2, it is stated:

While the responsibility in the field of 
extension of the results of research to 
the ultimate user lies primarily with the 
provincial authority, most provinces 
have not or cannot meet their obligation. 
Even those provinces with the most 
highly developed extension services have 
not adequately exploited the technologi
cal advances provided by research.

In the recommendation we read:
As the programs of the provincial 

governments mature, emphasis by the 
Canada department must be on support
ing rather than usurping or duplicating 
efforts in research, development and 
extension.

Regarding the federal-provincial relations 
in the instituting of crop insurance we read 
on page 153, paragraph 3:

A difficult part of the process was in 
setting up a program which would 
require provincial government adminis
tration but for policy reasons could not 
be discussed with provinces in advance. 
The program had to be one which would 
be acceptable to provinces but one on 
which they could not be consulted.

On page 48, in the Glassco Commission, a 
comment on the Economic Branch:

... with the largest economic analysis 
organization in the government, the 
pressure of ad hoc projects is so great 
that virtually no economic research is 
done, although the agriculture economy 
has undergone profound change in 
recent times and a fundamental under
standing of the process is absolutely 
vital.”
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In regard to this the brief states: “Unfortu
nately, there has been no appreciable 
improvement in the situation since that 
time.”

On page 52 the Glassco Commission recom
mended more funds to be spent in the animal 
sciences and the brief states:

We envisage some redistribution of R 
and D effort in favour of the animal 
sciences. Both the Glassco Commission 
and the Economic Council of Canada 
have suggested that this area of research 
needs more attention.

Now, what is the process whereby the need 
for change in research programs should pro
ceed and more importantly how do you pro
pose that the changes should be implemented?

Mr. Williams: Mr. Chairman, Senator 
Hays, despite the fact that the Chairman 
ruled your question out of order, I think it 
would be a lot easier to answer your question 
with reference to the Calgary-Ottawa score 
than the one that is in order.

The Chairman: That is where you could be 
quite wrong though.

Mr. Williams: But it would be easier to 
answer, sir; I may be quite wrong in both of 
them.

The points that you have raised, sir, are 
points that are of continuing concern to us. I 
think possibly the best way that I can deal 
with them is to try and isolate some of them, 
rather than try to gather them in broad 
generalities.

You first spoke, sir, of the possible difficul
ty facing the department in its relationships 
with provincial governments and the possible 
overlap and the role that the department 
plays in getting its research results to 
farmers.

I mentioned in my opening statements that 
one procedure that we follow is the proce
dure of having people oriented, actually 
located at least on some of our research sta
tions, but I think that if I could take the time 
of the Committee for a moment I would like 
to mention a development that is affecting 
our economics branch, it is affecting our 
research branch, it is affecting our entire 
department, and that is the development of a 
completely new and different concept, and 
that is a complete national farm accounting 
and farm management system.

We have now been working with the prov
inces and within the department for some

three years, or probably a little longer than 
three years, and I am sure Senator Hays 
recalls when this was started, to develop 
such a system. The system is now ready to go 
into effect.

Under it the farmers of Canada will be 
offered a farm accounting and management 
system. The farmer will elect the level of 
sophistication that he might wish to under
take on his own part in order to provide him 
with the necessary accounting and farm 
management analysis.

The allocation of responsibility for it is still 
under discussion; there is a meeting to be 
held next week at which it is expected that a 
temporary allocation of responsibility will be 
made for the next three years during the 
formative and developmental stages of the 
program, but brieflly our thinking runs 
something like this: that the provinces will 
assume responsibility for direct contact with 
the farmer; the federal department will 
assume responsibility for the compilation and 
analysis of the data.

Now, if I might take as I say a moment to 
explain the program: a farmer subscribes to 
this service; he provides certain information 
to a centrally, regionally located computer 
facility; the facility provides him with a 
monthly report on his operating position. It 
can be, as I said earlier, at several levels of 
sophistication, either from an all farm opera
tion or from individual enterprises within the 
farm.

In addition to that, the program envisions 
the input into the system of economic mar
keting research management inputs in order 
that the system will provide him through the 
province and through the provincial exten
sion worker with management alternatives.

We believe most strongly that this system 
represents probably the greatest forward step 
that we could possibly make in bringing 
together federal-provincial interests in the 
area of getting research back to the farmer.

Mind you, it will not be just a question of 
getting research itself back to the farmer; it 
will also provide him, as I said earlier, with 
various economic and management inputs.

Senator Thompson: I wonder, Mr. Chair
man, just to clarify that for myself as a 
layman in farming: to put it in my simplest 
terms, if I had 25 pigs, I am of Irish back
ground, that is why I take that example. I 
ask to be part of this management service. 
You people would have a computer system 
whereby you would first of all suggest to me



Science Policy 1055

the kinds of feed I should buy, the kind of 
increase in weight of the pigs that should 
take place, how much my costs should be on 
buildings, and so on.

Is that the type of thing at its most unso
phisticated level?

Mr. Williams: Yes; I would say basically 
that is the answer. You, as the farmer, pro
vide the computer with certain information 
in respect of your operation; the computer 
maintains a complete record of your entire 
farm operation, of the facilities you have, 
what your crop program is, and I envision it 
first of all, or at least I should not say I 
envision it, it envisions first of all that you 
will have information as to whether or not 
you are making a profit on those 25 pigs to 
start with and will provide you with infor
mation to assist you with your income tax, 
and so forth, but as it develops in sophistica
tion it will provide you with management 
information.

For example, it will doubtless some day be 
able to give you the answer as to whether or 
not the ration you are feeding includes too 
much barley or too little barley, or too much 
protein or too little protein, or whether you 
should buy your own pigs or raise your own 
little pigs, and things of this nature.

Senator Thompson: And the computing 
system is what the Economic Council was 
mentioning in their report that you were 
doing a study on; is this it?

Mr. Williams: That is correct, yes.

Senator Hays: What is the experience of 
the United States in so far as these cost 
benefit analyses are concerned, or have they 
gone into this field, or what countries have?

Mr. Williams: I think I will ask Dr. Wood
ward to speak on that.

Dr. James C. Woodward, Assistant Deputy 
Minister (Research), Department of Agricul
ture: Mr. Chairman, there are a number of 
countries under the OECD studying methods 
for an approach to cost benefit analysis on 
research, but they are finding this is a very 
difficult field, particularly in government 
laboratories, because the government must be 
prepared to consider factors other than 
straight economics, such as social factors and 
also factors that are protecting a particular 
market, factors such as the exclusion of a 
disease from Canada so as to protect our 
export markets and also to protect our own 
primary producers. We are making some pro

gress in evaluating the potential benefits of 
research.

This becomes increasingly more difficult as 
research becomes more basic, because it be
comes almost impossible to predict when a 
breakthrough will occur.

Did I cover the field that you were inter
ested in, Senator Hays?

Senator Hays: Partly; are there any coun
tries that you know that have this sort of a 
service now already perfected as you envis
age it?

Dr. Woodward: This relates the CAN- 
FARM system?

Senator Hays: Yes?
Dr. Woodward: Not to my knowledge.

Mr. Williams: I think that Dr. Purnell, the 
Director-General of the Economics Branch, 
could best answer that.

Dr. Glen R. Purnell, Director-General, Eco
nomics Branch, Department of Agriculture: I
do not know of any country as a country 
which has a system of this kind in operation.

There have been systems developed by 
various states in the United States and by 
various other portions of other countries, but 
one of the problems that they have run into 
is that the farmers in a state commence to 
want to compare themselves with farmers in 
another state, with farms of a similar type 
and nature and there is a definite lack of 
uniformity in the system in the approach to 
analysis, in the approach to the record-keep
ing in the physical input data that is 
required in the various states, so it is impos
sible for farmers to make a direct comparison 
and it is impossible for researchers to make 
direct comparisons.

In order to overcome this type of problem 
in Canada, the co-ordinated effort was ini
tiated in 1962 to establish a uniform record
keeping accounting and analysis system that 
would be made available in Canada across 
the country so that all farmers who wished 
to voluntarily participate could do so through 
their provincial extension service and 
throughout Canada in a centralized analysis 
program.

One of the real benefits of the CANFARM 
type of operation is the establishment of the 
national data bank. This national data bank 
then provides information which can be used 
as a comparison of the same type of farm 
from one area to the next.
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The data bank will also provide informa
tion to policy makers and researchers as a 
means of evaluating problems and developing 
programs and policies that can help farmers 
of similar types all across the country.

So this is the situation in Canada as com
pared with other countries in the experience 
in these other countries.

Senator Hays: This is not a related subject 
really: In the Department of Agriculture how 
do you handle the priorities in so far as 
research, and this is a great problem, and 
how do you propose to do this in the future?

I am thinking about applied research, 
research that is needed immediately in so far 
as basic research is concerned.

How do you wash out old programs? How 
do you get rid of them? When do you say 
well, this is enough?

Mr. Williams: Well, first of all, as you 
quite rightly say, sir, it is an on-going and 
extremely difficult problem. The formal 
method is through our project review system 
that requires periodic reviews of projects for 
productivity. It requires that all projects 
other than certain trial projects, shall I say, 
must receive formal approval before people, 
no matter where they are located in Canada, 
can proceed to make any major expenditures 
on them.

So we do have a formal system of review, 
analysis and consideration of all projects, 
both on a continuing basis and on a basis of 
initiation.

The question of establishing priorities I 
think is one that is receiving a great deal of 
attention with us at the present time. The 
way that we are trying to approach this 
problem is first of all through the develop
ment of cost benefit techniques; and secondly 
we are developing a group within our Eco
nomics Branch who will have responsibility 
for working directly with our researchers, 
that is our agricultural research groups, in 
order to, shall I say, ensure that the econom
ic philosophy is brought to the research 
people.

These people will be located on our sta
tions and will be involved in all phases and 
all stages in the planning and development of 
projects.

Senator Hays: Can you give us some 
examples of how you propose to do this with
in the department now with certain projects?

Mr. Williams: I think I will ask Dr. Migi- 
covsky to answer that.

Senator Hays: I do not know whether, doc
tor, you are still trying to make Holstein 
cows out of chromosomes and genes or not; I 
am kind of relating it to that.

Dr. Bert B. Migicovsky, Director-General, 
Research Branch, Department of Agriculture:
Yes, but won’t you be surprised when we 
succeed?

Senator Hays: I presume that it is still 
going on?

Dr. Migicovsky: It is still going on, to a 
degree.

This question on introducing economic 
thinking into our projects is quite obviously 
a great necessity in many of the areas.

For example, turning the range land of 
Saskatchewan into pasture represents a prob
lem that we have had over the last number 
of years. The question arises, of course, 
whether doing this would be economically 
feasible, or an economic advantage, and 
before we could do it do the necessary scien
tific work to indicate how we can do it, and 
in fact most of that has been done and has 
now been completed. It now depends upon an 
economic analysis to see whether in certain 
areas this is really going to be a pay-off.

You can tell the farmer how to do it, but 
he is going to ask you is it worth my while 
and before you tell him you need to make an 
economic input into this kind of study. This 
is the kind of thing that we are planning, 
that we have economists working with our 
research people right at the Swift Current 
research station, for example. It goes on in 
any other area of work where you are going 
to introduce a certain type of control. For 
pest control we might work out all the tech
niques necessary to say control the coddling 
moth in B.C. Now it is a question whether 
with the type of input required after we 
work out the techniques the results obtaina
ble would be worth while.

This requires obviously economic study; 
the price of a product would enter into it; the 
market for the product, because of the input 
into introducing control.

We might discover for example, a chemical 
that would be very, very effective in eliminat
ing pest damage on a certain crop but the 
cost of the chemical might be so prohibitive 
that scientifically it would be a very success-
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fui project but economically a complete flop. 
There is where the economist has to come in.

There are many factors that enter into 
deciding whether introducing a research 
result is going to pay off, not only strictly 
cost of input. There are many factors 
involved and this is where we hope the 
economists coming in and working with our 
research people will guide us. What we 
would like to see is the economist right in at 
the bottom of a project right when the proj
ect starts to try and predict whether it is 
going to be worth while to really carry on 
the work. This is where the really big diffi
culty comes in, because of our inability to pre
dict completely what is going to happen with 
the scientific aspect of the project and make 
an economic prediction as to what is going to 
happen within five years when the cure is 
ready to be applied.

There are difficulties, obviously; if it was 
easy we would not have any problems, but 
because it is difficult is where we need the 
best brains that we can get to work on this 
type of thing.

Senator Hays: Then Mr. Chairman I would 
like to go back to this program that we were 
speaking about, your cattle program: Do you 
know how much money that you have spent 
on that program now and in so far as eco
nomics are concerned what it will prove in 
the future?

Dr. Migicovsky: We could get the cost 
input; are you talking about the dairy cattle 
project?

Senator Hays: Yes.

Dr. Migicovsky: We have the cost input on 
this. Now, if you are asking for a benefit 
analysis at this point in time we cannot give 
you one.

Senator Hays: Would some of these pro
grams not be better done by other countries 
that have more money in this sort of thing 
and that we should be using our money 
probably where we would receive more eco
nomic benefits in the short term?

The Chairman: Could we have a descrip
tion; of course, Senator Hays, you know all 
about it.

Senator Hays: Well I really do not know 
about it; that is why I am trying to find out. 
I never could find out. I thought this would 
be a good opportunity.
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The Chairman: Could you give us a 
description of the research program?

Dr. Migicovsky: The dairy cattle breeding 
project is one that goes back for a good 
number of years; that the plan is to increase 
the efficiency of milk production in effect.

The use of the old techniques of using the 
purebred and selecting on the basis of con
formity and the various factors and charac
teristics of a dairy cow has led us to a pla
teau with respect to our ability to increase 
efficiency of production. Our geneticists have 
set to work and have dreamed up and have 
proceeded to work on this dairy cattle project 
which introduces other techniques and other 
means of selection.

In many cases it would appear that some 
of the time the characteristics important to 
the breeder have been shown to be possibly 
of less significance; therefore it enables selec
tion to be more efficient.

This project has been going on and obvi
ously in any kind of genetic project with an 
animal the size of a cow the numbers 
required are quite great and obviously the 
expense considerably high.

The success to date: this project is now 
under review and the review will be com
pleted some time in January, we hope, at 
which time we will take a good look at this 
project and see whether changes should be 
made in it, whether it should be eliminated, 
or whatever might be the advice of our 
experts.

The Chairman: When was it initiated?

Dr. Migicovsky: I do not quite remember, 
but I think it was initiated way back in ...

Senator Hays: 1956.

Dr. Migicovsky: Before 1956; some time in 
the early fifties.

The Chairman: It is really a long term 
project?

Dr. Migicovsky: Any genetic project with a 
large animal is, of necessity, a long term 
project, because the gestation period of a cow 
is nine months.

Senator Hays: Well doctor, I am glad you 
are reviewing it.

Mr. Williams: I think, Mr. Chairman, that 
the point Senator Hays made is a very- 
important one; as I said earlier, it is one that 
concerns us greatly.
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It is our most sincere hope that the 
approach that we are putting into effect at 
the present time will try to evaluate the 
potential success, not only of the project as a 
scientific endeavour, but also as a success in 
terms of value for money spent.

Senator Hays: May I ask one other ques
tion, and I direct this to Dr. Wells: I notice in 
the brief somewhere the work that you have 
done on bluetongue and being able to estab
lish the fact that you can segregate it. As you 
know, Australia will not permit any livestock 
in; we do not have bluetongue but we are 
not allowed to export because they think 
maybe that we have bluetongue, or we buy 
cattle from the United States and they have 
bluetongue.

How do we become involved in world pro
grams so that countries do accept that we do 
know what we are talking about and that it 
is meaningful and that sort of thing, or how 
do you resolve these problems?

Dr. Kenneth F. Wells. Veterinary Director- 
General, Department of Agriculture: Mr.
Chairman, first of all we do with respect to 
our need to keep Canada free of serious 
animal disease keep a very, very close study 
and watch on animal diseases in all countries 
throughout the world. This is becoming par
ticularly important because of increased 
international trade and the possibility of 
introducing these diseases through this trade. 
Thus we maintain a very close contact with 
all countries in the world.

When situations such as this come up we 
do our utmost to establish firmly in our own 
minds and conclusively that the disease 
situation as it exists in Canada is well known 
to ourselves and can be proven. Then 
through our international contacts and 
through the International Office of Epizootics 
in Paris we attempt to convince the particu
lar country concerned, such as the example 
you give with respect to Australia, that we in 
fact are free of bluetongue.

We have talked to the Australians with 
respect to this particular matter and they are 
rather adamant; in fact, because of blue
tongue they simply reject the importation of 
any ruminants into that country. This is 
based not as much on scientific fact but on 
the simple premise that if anything were to 
happen in so far as the introduction of blue
tongue into Australia it would eliminate to a 
great extent their sheep industry which, in 
fact, would take their basic industry from 
them. Therefore they simply sweep the entire

North American continent into one large pot 
and say that we reject all the sheep and 
cattle from that continent because of the 
existence of bluetongue in the United States, 
and because of the interchange of cattle and 
sheep between the United States and Canada.

Senator Hays: In the field of research as 
far as animal diseases are concerned then 
there is a great problem of getting these 
people to accept the fact that we do know 
what we are talking about and that we have 
isolated this sort of thing.

Dr. Wells: No, it is not a great problem, 
Mr. Chairman; generally throughout the 
world as a matter of fact we in Canada 
because of the health status of our livestock 
can and do ship livestock to more countries 
in the world than any other single country 
and this is because we are accepted on a 
world wide basis as a very efficient country 
in so far as the control of animal diseases.

Senator Hays: Yes, I realize that.

Dr. Wells: Australia is one nut that we 
have been unable to crack.

Senator Hays: It is probably a political 
problem; maybe you had better not answer 
that.

Dr. Wells: Britain, as an example Mr. 
Chairman, is recognized as totally free of 
blue-tongue and yet because the British 
import cattle from Canada recognizing our 
position with respect to bluetongue the Aus
tralians in turn refuse the importation of the 
livestock from Britain to Australia.

Senator Hays: The other two questions I 
had, Mr. Chairman, one was the related costs 
of research in the agriculture department 
with the United States; I think you said ours 
was $38 million?

Mr. Williams: No; I said our operations 
and maintenance services was $34.7 million.

Senator Hays: That is of about $50
million?

Mr. Williams: For the current year it is 
about $42 million, I believe.

Senator Hays: And what is the United 
States?

Mr. Williams: I am afraid we will have to 
report on that, sir.

I might say it is a somewhat different 
situation; it is not quite as simple a question
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as that, because of the varying responsibili
ties at the federal and the state level and at 
the university level, and the way their re
search is deployed as compared with ours, but 
we will obtain that figure.

The Chairman: The contribution of indus
try in the United States is much more impor
tant than here.

Mr. Williams: That is correct, yes sir.

Senator Hays: The other question I should 
like to ask is about information to the farm
ers: the Department of Agriculture does a 
fantastic job in so far as insecticides, new 
varieties, and all of the sciences. I think that 
we do in Canada about as good as anyone, 
but we are not getting this across to our 
farmers at all. For instance, I think Manitou 
wheat is a good example, or Galt barley; it 
takes us years and years to get through to 
these farmers. Even though they might 
benefit by ten or fifteen bushels to the acre, 
the mass media do not get this through, the 
research people do not get it through, the 
provinces who are charged with this respon
sibility apparently are ineffective. It has been 
reported in some American journals that 
most of it is done by neighbours and I 
believe this is true. If you have a leader in a 
community it still takes two or three years 
for it to dribble through.

How can we resolve this position with all 
the money we are spending and we are not 
getting it through to these people? How do 
you propose to attack that? You mention it in 
your farm management service; this may be 
it.

Mr. Williams: Well, sir, I think that the 
approach that we follow and that we have to 
continue to follow varies greatly from prov
ince to province. The extension services, and 
I believe it is mentioned in the brief, vary in 
sophistication and efficacy depending on the 
province. There are provinces in which one 
could go at the present time and you would 
find that the federal people were doing a 
considerable amount of extension; in other 
provinces, where the extension service is 
more highly developed, our people are only 
very marginally associated with extension 
operations.

The approach that we are trying to follow 
is that we are working with the provinces 
through our co-ordinating committee on 
agricultural services to try and with them 
determine what their major problems are; we 
recognize that extension is a responsibility of
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theirs and I may say one that they guard 
rather zealously. We are working with them 
to try and see how we can best co-ordinate 
our effort with their effort and, as I men
tioned also, at some places we do have their 
extension people located on our research 
stations.

Our information division is now taking 
part with joint committees with the prov
inces as to how best feed the information to 
the farmers’ advisers.

We have a continuing co-ordinating effort 
through the biannual meetings of senior 
officials of the provincial and the federal 
departments at which these matters are con
sidered and at which we try to fit in with 
their plans.

I may say, sir, that we have considered 
other approaches and we do in some areas 
follow these approaches, depending upon the 
attitude of the province and depending upon 
the resources that we have. We make our 
people available to the provincial people, 
through the provincial organization. Our spe
cialists are available at all times; they attend 
meetings; they speak to farmers’ groups. We 
have groups that visit our farms, that visit 
our research stations.

I would think that I would have to say 
however, and I do no more than agree with 
you, that there is a problem here and it is a 
problem we are working on, but as yet we do 
not have any one really satisfactory solution 
to it.

I think that the situation is improving as 
communications improve, but I think I have 
to go back to the fact that probably our 
biggest area, the biggest means by which we 
can contribute will be through this new 
national farm management service that will 
be implemented, as I said earlier, brought 
into effect on a trial basis next year.

Senator Hays: Thank you, Mr. Chairman.

The Chairman: But has there been any 
research devoted to this problem? I suppose 
that it would be mainly experimental 
research on the best ways of communicating 
with the farmer?

Mr. Williams: Dr. Purnell, will you answer 
that, please?

Dr. Purnell: I will try. Mr. Chairman, the 
sociologists and agriculture economists have 
teamed up to do research on the adoption of 
innovations, adoption of new technology and 
human beings with the nature that they have
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are reluctant to adopt immediately new prac
tices, even though they are proven to be 
economically sound in experimental pro
grams.

They take the attitude that it looks good on 
paper but we want to see it work out in the 
commercial sector. The studies have shown 
that farmers are adopting new practices at a 
much more rapid rate today than they did 
when, for example, hybrid corn was devel
oped and distributed to farmers.

We get about 25 per cent of our farmers 
that will adopt a practice in a general sense 
within the first five years. Now, I am sure 
that Senator Hays feels that this, and we as 
well feel, that this is rather slow. The other 
75 per cent of the farmers adopt even at a 
slower pace and that really is a relatively 
slow pace.

The Chairman: But what are the motiva
tions? For instance, if what Senator Hays 
said a moment ago is true, that most of the 
diffusion happens through advice from a 
neighbour, then it would seem to me that all 
the money you spend for instance on com
munications and on your radio broadcasts, 
and all this, may be just a waste.

Dr. Purnell: If I might comment on that: I 
would just say that the early adopter or the 
innovator must hear of it first, and this 
department then and the provincial depart
ments of agriculture are certainly instrumen
tal in getting this information to these early 
adopters, the innovators.

The Chairman: Who is that innovator? 
Would you describe him?

Dr. Purnell: They are the more aggressive, 
advanced type of farmers, who are looking 
for new ideas. Many of them are not really 
willing to wait for the extension worker to 
bring him information; they come to the 
research worker to find out even before per
haps the research results are really available.

Some of these people come right to the 
research worker to obtain this type of infor
mation; they go out, put this information into 
use, the neighbours observe and in years 
hence have similar practices.

Senator Thompson: If you accept this 
premise of Senator Hays that it is true that it 
is through a neighbour or a leader in the 
community, why do you bank so much on 
your computer where you are going to get a 
national look at the picture, I presume; you 
mentioned it had comparisons.

Why do you consider that this is going to 
be so effective in helping efficient farm man
agement? Surely it would be, if you are 
saying that a leader or a neighbour does it, 
much better to be working with the individu
al prominent leader in agriculture through 
the personal contact of extension workers?

Dr. Purnell: Mr. Chairman, to a degree 
that is definitely correct. However, I did 
mention that even the early adopters, that is 
this 25 per cent, take several years in some 
cases and depending upon the type of tech
nology that is available to them, to adopt this 
practice, then the others follow even later on.

Now, if we have a personalized service in 
the form of a national farm management 
electronic accounting program, this means 
that an individual who may have previously 
waited for the early adopter to pick up the 
practice and put it into use will have an 
opportunity to have his own operation eva
luated to determine what weaknesses and 
strengths he has in his decision-making prac
tices, his management abilities on the farm, 
and he will be able to see after the evalua
tion of his records comes back to him and in 
co-operation with the adviser, just exactly 
what he needs to do to improve at an early 
date.

Senator Thompson: I have a little farm 
outside Toronto; I really could not classify 
myself as a farmer.

The Chairman: You are in the category of 
Mr. Walter Gordon.

Senator Thompson: No, I am in no way in 
that category.

The Chairman: Except that he raises sheep.

Senator Thompson: I would like to be; but
I remember when I was asking, I grow trees, 
so you realize the category I am in and I 
hope you will not be too scornful of me in 
spite of my trees, but when I asked for 
advice on the management of this I must say 
I was very gratified to have a small army of 
people come out to advise me personally with 
respect to this. I feel that that to many farm
ers, if that personal touch by the agricultural 
representative is not getting through, I fail to 
see how we can place our hopes on the cold, 
sterile computer reports.

Mr. Williams: I think probably one of the 
most important points about the approach 
that I have spoken of in the farm accounting 
and mangement system is that there would
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be a continuing personal contact with the 
farmer. We are not expecting under this sys
tem that the farmer is simply going to mail 
off reports and get back, as you say, cold, 
hard statements printed out by some comput
er without anybody being there to interpret 
them for him. There will be a continuing 
personal contact by a man trained to assist 
this farmer with his problems and we believe 
that through that means the objective that 
you are mentioning will be reached. There is, 
of course, a very serious problem of 
resources here.

While we are still on this subject, Mr. 
Chairman and gentlemen, I would not like to 
leave the impression that the Department of 
Agriculture feels that the farmers of Canada 
are by and large a backward group who are 
not willing to learn, who are not willing to 
take research findings into effect. This is not 
the case in our view.

There are problems in this area but I think 
that Canadian agriculture has proven itself 
in the world; we export about 30 per cent of 
our total agricultural production; we have 
probably the least subsidized and least pro
tected agriculture of any advanced country 
in the world. I think the problem here is that 
of our 430 odd thousand farmers, I think it is 
65,000 of them in the last census were clas
sified as commercial farmers. So we do have 
a vast number of people living on the land 
who are technically farmers and who cer
tainly farm and certainly produce a consider
able amount of agricultural produce, but 
whose own resources cause them problems in 
respect of taking into effect innovations.

It is difficult to tell a man whose economic 
position is, shall I say, pretty well towards 
the bottom of the ladder, that he must buy a 
new sprayer and use a new spray technique, 
or use a new spray material when he is 
having difficulty feeding, clothing and edu
cating his children.

So, while I am saying that we do have 
problems reaching the great mass of farmers 
with our research results, the problems are 
not all associated with the system in terms of 
the extension system.

I just felt that I should say that; we do not 
feel that our farmers are backward by any 
stretch of the imagination. We feel that those 
farmers that fall in the classification of com
mercial farmers are probably the most for
ward looking and most efficient of any farm
ers of any country in the world.

The Chairman: But you are spending, I 
understand, $1 million on information each 
year?

Mr. Williams: That is correct, sir.

The Chairman: Do you evaluate, for 
instance, or try to measure the ratings of 
your broadcasts?

Mr. Williams: Yes, sir.

The Chairman: Are they fairly high?

Mr. Williams: In our view, yes sir; we 
have done some studies, for example, on 
where the farmer get his information, what 
motivates him to take action, to undertake an 
innovation. I think that almost without 
exception the farmer himself finds it very 
difficult to reach the decision as to which 
media motivated him, that it is a series, it is 
a build-up to information. His neighbour 
may say something to him; he may hear it on 
the radio; he may see it on the T.V.; he may 
read it in a bulletin. He may do it all four 
ways, or any combination of them before he 
finally takes the step.

In the studies that we have done, sir, we 
have found that he finds great difficulty in 
saying which one really motivates him to 
make a change.

The Chairman: But surveys of that kind 
have been made?

Mr. Williams: Yes, sir.

The Chairman: It would be interesting to 
get the results of this; is there any publica
tion?

Mr. Williams: Yes I can provide the Com
mittee with a publication in respect of the 
dairy industry in one area of Canada, where 
a survey was conducted and certain specific 
innovations were illustrated and the farmer 
was asked to indicate if he had done this, if 
he had a bulk tank, for example, was one of 
the questions and if he did have it, why he 
had it and what made him make the decision 
to get it.

Senator Thompson: And where he got the 
information.

Mr. Williams: That is the sort of thing, yes.

Senator Thompson: I take it Farm Forum 
and the CBC program, it seems to me they 
sort of linger to a dying death.
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The Farm Forum, for example, is this still 
used? Have you examined the effectiveness 
of this?

Mr. Williams: The Farm Forum is not one 
of our programs.

Senator Thompson: I appreciate that, but 
you would use it as an information source.

Mr. Williams: As an information source, 
yes. The Farm Forum program I think is 
officially dead at the present time.

In respect of the $1 million expenditure on 
information, I might say that this is not all 
on the promulgation of research information. 
We spend a great deal of our—I should not 
say a great deal; we probably have a break
down of the costs, but I do not have it with 
me at the present moment, on the explana
tion to farmers of the various policies and 
regulations that affect him, as well as the 
research findings. We have a very major side 
of our department, for example Dr. Wells’ 
health of animals people have much informa
tion they put out to the farmers that is not 
research findings; it is instructions to him.

A short recess.

Upon Resuming:

The Chairman: Senator Belisle.

Senator Belisle: Mr. Chairman, I want to 
thank you for giving me the opportunity to 
ask a few questions. May I be permitted to 
say that you are such a hard worker that 
you are piling onto us many very important 
briefs with which we should have more time 
to deal in order that we might do full justice 
to them. It is not only a question of having 
time to read them but also having time to 
digest them.

The Chairman: Your criticism is noted.

Senator Belisle: Nevertheless our distin
guished guests will understand our many 
other obligations, including social obligations, 
and they will give us their kind co-operation 
even if we ask questions which may not 
really be in the light of great wisdom or 
knowledge. May I repeat that this is a com
plete brief and I am very pleased to say that 
you gentlemen made a good job of it. Natur
ally, it is my job to try to put a few holes in 
it, and I will try my hardest to do so.

First, let me deal with the current investi
gation into agricultural research. I will try to 
make my question as detailed as possible. 
Who is co-ordinating this investigation?

Aside from the Senate committee’s investi
gation, which it undertakes as part of its 
study on science policy, there are two major 
studies of agricultural research. First there is 
the Science Secretariat agricultural study 
which was set up in order to obtain an objec
tive examination of the status and structure 
of research in agriculture and to set guide
lines and recommendations for its future 
direction. The study group is charged with 
appraising, evaluating and making recom
mendations on the current status and 
adequacy of agricultural research in Canada; 
assessing the trend and needs of Canadian 
agriculture and making recommendations on 
the allocation, organization, management and 
co-ordination of the national effort including 
all components.

Secondly, there is an agricultural task 
force which was set up by the federal Gov
ernment with the concurrence of the prov
inces in 1967. The result of its examination 
of Canadian agricultural goals and policies 
will be published early in 1969. This is 
referred to in your brief at page 43, section 45.

This study will include the detailed assess
ment of Canadian policy in regard to 
research and education as well as many 
other items.

My first question is this: are these studies 
co-ordinated? If so, by whom?

Mr. Williams: In so far as the task force on 
Canadian agriculture is concerned, sir, they 
are co-ordinated through a committee of 
Cabinet that was established when the task 
force was first authorized. This committee, 
which meets on approximately a monthly 
basis, has reviewed all aspects of the work of 
the task force to try to insure that not only 
did it meet its objectives, or was it aimed 
towards its objectives, but that it also would 
not interfere or overlap in other areas of 
study.

The Chairman: What is the name of that 
committee of Cabinet?

Mr. Williams: It does not have a formal 
name, sir. It is just a Cabinet committee. I 
could name the ministers who are on it. 
There is an interdepartmental committee as 
well which meets under the committee of 
Cabinet.

The other group to which you refer, sir, is 
one that is established by and reports to 
Privy Council. I am afraid, sir, that it is not 
within my competence at this moment to say
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where its orientation fits in with the task 
force, other than to say that the task force is 
dealing with the broader area of agriculture 
as a whole, with research being a portion of 
this, whereas the group set up under the 
Privy Council is dealing solely with agricul
tural research.

Senator Belisle: Is there any possibility of 
duplication of research?

The Chairman: You mean of research on 
research?

Senator Belisle: Who co-ordinates the 
co-ordinators?

Mr. Williams: I think probably the best 
answer I can give you is this: The task force 
and the other group, the one under the 
Science Council, do have one senior member 
common to both. Thus it would appear to me 
at least that the possibility of overlap of 
work is reduced to a minimum. Each one is 
well aware of the work that the other is 
doing, and I can only presume—and I am 
afraid this must be a presumption on my 
part—that the actual work they have 
instituted is not in fact a duplication. I have 
not seen the reports of either one, so I cannot 
answer it fully as to whether this will or will 
not be. But I know they are in close com
munication. However, to give a hard answer 
to your question, there is no formal co
ordinating body.

The Chairman: Who is in charge of the 
task force?

Mr. Williams: The Minister of Agriculture. 
By that I take it you mean who is the 
chairman.

The Chairman: And who are those who are 
doing the work?

Mr. Williams: There is a group of five 
employed on a professional service basis. It 
consists of Dr. MacFarlane, chairman, a 
professor of economics at McGill University, 
Macdonald College. There is Dr. Gilson, head 
of economics branch of the University of 
Manitoba, there is Dr. Ralph Campbell of the 
University of Toronto, there is Dr. Thain of 
the University of Western Ontario and Mr. 
Comtois of a management firm in Montreal.

Senator Hays: Are any of them farmers?
Mr. Williams: No.
Senator Belisle: Does the Minister of 

Agriculture meet with them from time to 
time?

Mr. Williams: Yes, once a month. They 
meet in addition with the interdepartmental 
committee which meets once a month. I 
might say in further explanation that this 
task force is commencing studies and is pre
paring an interim report. This interim report 
is due to be ready next month and the Minis
ter of Agriculture has announced a major 
agricultural conference to be held at the end 
of March. At that conference where there 
will be very large representation from all 
segments of agriculture, including farmers, 
the task force will present its preliminary 
results. Actually they will be presented 
ahead of time. We anticipate having the 
reports out two months ahead of the confer
ence. Based on the conference, the task force 
will then write a final report. Meanwhile 
they have had extensive consultations with 
farmers and farming groups in all phases 
and segments of Canadian agriculture.

Senator Belisle: You may have answered 
this one broadly, sir, but it is not quite clear 
to me yet. Where do CASCC—the Canadian 
Agricultural Services Coordinating Commit
tee—and the Science Council fit in together?

Dr. Woodward: Mr. Chairman, the Science 
Council Committee, of which Dr. Smallman, 
sitting over there, is chairman of the study 
group, is a one-shot ad hoc body set up to 
make a thorough study of agricultural 
research and to bring forward recommenda
tions on it.

The Canadian Agricultural Services Coor
dinating Committee is a continuing one and, 
as you will see in the brief, it includes the 
provincial Deputies, the Deans of Faculties of 
Agriculture, the directors of provincial 
Agricultural Research Councils, and our 
National Research Council. It has carried on 
a continuing study of the needs of agricul
ture and of the needs which require research, 
and it has a continuing overview af the stud
ies that we are doing. For example, our 
inventory was done under the auspices of the 
CASC Committee, and other studies we are 
doing are done under its auspices.

In addition, this committee has the job of 
making all those who are involved really 
co-ordinate the total agricultural research in 
Canada—not just the federal research—and 
to indicate where we should be pulling in our 
horns, where we should be putting more 
effort toward the solution of particular prob
lems, and more work in particular areas. It 
also has the responsibility of putting its 
finger on where there are serious gaps in our
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present program. So, it is really a continuing 
group.

Dr. Smallman’s committee has had an 
opportunity, and has certainly availed itself 
of the opportunity, of discussions with and 
reference to all the records and reports that 
have emanated from CASCC, which is doing 
a continuing job, while Dr. Smallman’s 
assignment is to take a look at agricultural 
research at this particular time.

Senator Belisle: The reason I asked this 
question, sir, is in light of the evidence, that 
you said on page 1 of the brief:

Clarification of CASCC responsibility 
in the agricultural sphere relative to 
that of the Science Council is also re
quired.

And the brief is not clear. I believe those who 
wrote the brief were not clear in their think
ing as to what they meant.

The Chairman: You were not clear about 
the clarification!

Dr. Woodward: If I may, I think what we 
were really thinking of here is that the 
Minister of Agriculture has a total package 
for agriculture, of which research is a very 
important integral part; and that we cannot 
isolate agricultural research and consider it 
just in relation to the resources we are com
mitting on Space and Defence research. 
Agricultural research must be considered in 
relation to the overall needs of the agricultur
al industry, irrespective of what we are doing 
in Space research or in Defence research. I 
say “irrespective.” I am talking about a mis
sion-problem oriented-line department such 
as the Department of Agriculture.

The Chairman: Surely, you must adjust to 
overall Government policy.

Dr. Woodward: Of course, what comes in 
here is what the Government can afford to 
spend, but I do not think we should look at 
this simply—after all, there is a need for 
agriculture, and there is the total package for 
agriculture. As Mr. Williams, pointed out, 
there are many facets to the work of the 
department, and many things involved, and 
there must be a relationship here as well as a 
relationship between agricultural research 
and space research.

The Chairman: But to come back to Sena
tor Belisle’s question, what is the clarification 
that is required in the relationship between 
CASCC and the Science Council?

Dr. Woodward: I think the relationship 
requires us to know how much responsibility 
CASCC will have in recommending how 
much effort should be put into research as 
compared to the total agricultural effort...

Senator Hays: Are you talking about the 
Agriculture Task Force?

Mr. Williams: No, the Canadian Agricultur
al Services Coordinating Committee.

Dr. Woodward: —as compared to the 
Science Council’s responsibility in recom
mending how much money should be spent 
on agricultural research as compared to, say, 
defence research.

Senator Hays: But, you have a man con
cerned with agricultural research on the 
Science Council?

Mr. Williams: No, not on the Science 
Council.

Senator Hays: But on the N.R.C. you do?

Mr. Williams: No.

Senator Hays: Do you recommend that? Do 
you think that should be?

Mr. Williams: I do not think there is any 
particular problem there, in that we do have 
the N.R.C. represented on the Canadian 
Agricultural Services Coordinating Commit
tee. If you turn to page 9 of the brief I think 
you will see that the role and function of 
CASCC is clarified there. CASCC itself has no 
statutory authority. It is a group that meets 
voluntarily, and it consists, as you will note, 
of the deputy ministers of agriculture, federal 
and provincial, the deans of the faculties of 
agriculture and veterinary medicine, the fed
eral assistant deputy ministers of agriculture, 
the directors-general of our branches, the 
director of the agricultural division of the 
Dominion Bureau of Statistics, the director of 
bio-sciences of the National Research Council, 
the director of the Agricultural Research 
Institute of Ontario, and the president of the 
Quebec Agricultural Research Council, and as 
observers, there are people from the Science 
Secretariat.

Now, CASCC itself co-ordinates a great 
deal more than simply research. All phases of 
agricultural policy are dealt with in this 
group. This group makes recommendations to 
meetings of the federal Minister of Agricul
ture and the provincial ministers of agricul
ture, who meet at least twice a year.
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I think that what we are trying to say here, 
sir, is that we believe that the role of CASCC 
is to co-ordinate agricultural research, and to 
make recommendations through the Minister 
of Agriculture, and through the provincial 
ministers of agriculture, in respect of direc
tion and amount of agricultural research. We 
feel that the role of the Science Secretariat— 
if I may be pardoned the liberty of comment
ing on that—should be to recommend the 
allocation of resources between agriculture 
and other segments of science activity. This is 
the role we would like to have clarified, sir.

Senator Belisle: Mr. Chairman, my other 
question is this—and I am referring to page 
44 of the brief, where it is stated:

In the Grain Research Laboratory, 
there has been a series of four Review 
Committees appointed by the National 
Research Council at the request of the 
Board of Grain Commissioners.

In the light of what you said, and what is 
said in the brief, how do CASCC and the 
Science Council fit in? In other words, who 
co-ordinates the co-ordinators?

Mr. Williams: If I could talk about this 
problem in respect of the grain research 
laboratory, one has to go back into history a 
little. The grain research laboratory has not 
always been with the Department of Agricul
ture; it was with the Department of Trade 
and Commerce, and it was at that time that 
those committees were set up. At the present 
time the approach is that these committees 
established under the National Research 
Council, because of the changed responsibility 
of the Board of Grain Commissioners, are 
now being transferred to the Department of 
Agriculture and will be co-ordinated through 
CASCC.

The Chairman: If I understood you aright, 
you would like the Science Council to more 
or less define the size of the total pie, and 
then also more or less divide that pie into 
different sectors of research, and once a 
budget for research in agriculture has been 
determined by the Science Council you as a 
department with CASCC would like to be left 
alone to be able to determine the utilization 
of that sum in terms of your research pro
grams and projects.

Mr. Williams: Putting it very briefly, yes, 
other than this, that I think we would also 
like to have some say in making recommen
dations on the cutting up of this pie. In addi
tion to that, I do not think we want to be

quite left alone in that sense of the word. We 
wish to have them continue with our CASCC 
in the role of observers. We are not trying 
to do the work in darkness or anything of 
that nature.

The Chairman: You have a representative 
on the Science Secretariat but you do not 
have any representative from CASCC on the 
Science Council.

Mr. Williams: That is correct, sir.

The Chairman: The Science Council, under 
the terms of its own act, has the responsibili
ty of advising the Government on the overall 
final policy.

Mr. Williams: That is correct, sir.

The Chairman: So there is no direct link 
between CASCC or the Department of 
Agriculture and the Science Council?

Mr. Williams: That is correct, no direct 
link, sir.

Senator Belisle: I should like to ask a sup
plementary question on what Senator Lamon
tagne, our Chairman, has said. You suggested 
that you would like to have some say in cut
ting the pie. Do you have a direct way of 
suggesting how much of the ingredients 
should be put in the pie, or more plainly how 
many dollars you request to make the pie, 
apart from the Minister of Agriculture?

Mr. Williams: I guess my answer would 
have to be no, we do not have any direct 
way.

Senator Belisle: Your only connection with 
the Cabinet is the Minister of Agriculture?

Mr. Williams: That is correct, sir.

Senator Belisle: And they are at liberty to 
accept or reject recommendations made by 
these three councils; you do not make them 
apart from to the minister?

Mr. Williams: I am sorry, I do not follow 
the question.

Senator Belisle: You do not make your 
recommendations to any other source than 
the minister.

Mr. Williams: That is correct, yes.

The Chairman: You are the chairman of 
CASCC, of course.

Mr. Williams: That is correct, sir.
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Senator Thompson: I am interested in this. 
There is another co-ordinating body, the Eco
nomic Council, which is taking a look at your 
research and the effect of it, and making 
recommendations. Did you prepare that paper 
for them or did they do it on their own?

Mr. Williams: They did it on their own.

The Chairman: Without any consultation 
with the department?

Mr. Williams: I cannot answer that. They 
have talked to people within the department, 
but there was no consultation at the official 
level.

Senator Belisle: My other question deals 
with the relation between the federal Govern
ment agencies regarding the agricultural 
research. First, on page 2, paragraph No. 11, 
you see:

The major hindrances to more effective 
performance stem from (a) lack of a more 
precise definition of responsibility, (b) the 
demands of informational services and ad 
hoc investigations—

and you continue on. Further down you say: 
the need of a central mechanism—is a 
fundamental requirement for co-ordina
tion of agricultural research and develop
ment—Clarification of CASCC responsi
bility in the agricultural sphere relative 
to that of the Science Council is also 
required.

Could you give me more detail?

Mr. Williams: I think I will ask Dr. Wood
ward, sir, to speak on that matter. What page 
are you referring to?

Senator Belisle: Page 2, article 11, and also 
page 7, paragraph 1 of the recommendations.

Dr. Woodward: Certainly, sir, we were 
thinking here that we have a joint responsi
bility for research between the federal Gov
ernment and the Canadian provinces and I 
think perhaps the term that we used “the 
major hindrances” is a negative term. I think 
what we were trying to get at was we think 
we are doing a pretty good job with CASCC, 
but we think that we should strive to do a 
much better job and that we could do a much 
better job than we are by co-ordination. In 
this particular area, if we are thinking of 
getting on as a line operation with a job, a 
central responsibility is a great asset. Now, 
with the organization in agriculture we have 
a joint responsibility. I think this was the

point, that these recommendations are made 
from the standpoint of research and 
development.

The Chairman: When you were saying 
“lack of a more precise definition of 
responsibility” were you referring to a re
sponsibility as divided between federal and 
provincial governments or division of respon
sibility between the different research agen
cies of the federal Government?

Dr. Woodward: I think we were thinking 
between the federal Government and the 
provinces, sir.

Senator Belisle: The other question is tak
ing you back to page 31.

(i) Federal agencies:
The National Research Council. Rela

tions between the department and the 
NRC during the formative years—

and you continue on. What about the present? 
Are they better?

Dr. Woodward: I think we have excellent 
relations with the NRC today, sir, and we 
have not any of these problems that arose in 
the early days when Mr. Grisdale was taking 
some umbrage at the terms of reference to 
the NRC, because today through precedent, 
we have a working relationship where the 
primary responsibility for agriculture is with 
the department and primary responsibility for 
the secondary industries with the National 
Research Council. For example, let us take 
the field of food research. The primary re
sponsibility today for food research lies with 
the Department of Agriculture for food uses 
of agricultural products. The primary respon
sibility for non-food uses, industrial uses of 
agricultural products, lies with the National 
Research Council.

The Chairman: How can you make that 
distinction operational? It is nice in terms of 
logic, but, in terms of program and projects?

Dr. Woodward: I think we are working 
with the NRC and working with its commit
tees and even more with our day to day rela
tionships between our senior officers and sen
ior officers of the National Research Council 
and also at the working level. Our relation
ship is excellent with the NRC and we do 
support each other in research, for example, 
our use of N.R.C. equipment over the years 
has been of great assistance to us and they 
have the expertise in certain areas which has 
been of great assistance to us.



Special Committee 1067

Senator Belisle: Still on page 31, you say 
“associated committees”. What do these do?

Dr. Woodward: These committees were set 
up a number of years ago. As Mr. Williams 
has pointed out, this was a time when the 
Board of Grain Commissioners was in the 
Department of Trade and Commerce. Origi
nally in the National Research Council there 
was considerable work on cereals which there 
is not today. For example, Dr. Hopkins was 
the leading statistician in the Research Coun
cil and was one of the very able statisticians 
in Canada, and he had compiled valuable sta
tistics in relation to grains.

These committees were set up under the 
auspices of the Research Council to bring 
together the interest of the Council with the 
interest of the universities and the interest of 
the Department of Agriculture and the De
partment of Trade and Commerce. They met 
under the auspices of the N.R.C. As Mr. Wil
liams has said, the Council has asked us now 
to take over these committees and they will 
be coming to the Department of Agriculture 
as of April 1, 1969.

The Chairman: On research devoted to the 
use of agricultural products, how many feder
al agencies are involved in that research? You 
mentioned the Department of Agriculture so 
far as food is concerned and the N.R.C. for 
other uses. I am sure there are other federal 
agencies involved? The Department of Con
sumer Affairs?

Dr. Woodward: No.

Mr. Williams: No, sir, it is just two 
agencies.

The Chairman: Health and Welfare?

Mr. Williams: Health and Welfare, in re
spect of their regulatory work may do some 
research work, not on the utilization of the 
products but to be associated with methods 
for pesticide control and things of that 
nature, helpfulness in the general area. It is 
not a development work aimed at the use of 
products but rather support of their regu
latory obligations.

The Chairman: And the Department of 
Industry? I am sure they are involved, in 
giving grants to industry?

Dr. Woodward: Yes, they have the job of 
promoting development in the agricultural 
industry and they have grants for research, 
for example, on rapeseed.

The Chairman: Is there any co-ordination 
of this work with the Department of 
Agriculture?

Dr. Woodward: Yes, sir. Our experts, of 
whom there are several on rapeseed, have 
been consultants to the Department of 
Industry.

Senator Belisle: How much work in 
agriculture does N.R.C. do and how are these 
associate committees connected with CASCC?

Dr. Woodward: They will be under the aus
pices of CASCC as of April 1969. In the past 
the associate committees, the ones listed here, 
were under the auspices of National Research 
Council and co-ordination with CASCC was 
through common membership of CASCC and 
on these associate committees.

Senator Kinnear: Mr. Chairman, I would 
like to bring this down to a regional level and 
speak of the Niagara area or all of southern 
Ontario.

Over the past few years we have certainly 
noticed in the Niagara area the loss of fruit- 
lands to residential and industrial develop
ment. Have you done any research on soil 
that would be good for growing fruit in areas 
other than the Niagara or southern Ontario 
region? I would like also to mention the area 
along lake Erie, where there is some farm
land where they are growing peaches. I think 
it is so important that we do not lose the 
fruitlands in the Niagara district that 
research should be provided to find whether 
it is possible to grow fruit—specifically, tree 
fruit—in other areas. Have you done anything 
along those lines?

Mr. Williams: Yes. I would say we have 
very extensive knowledge in respect of soil 
capabilities through that entire area. The 
major limiting factor in growing soft fruits is 
climate. We do have very extensive records 
of climate. The problem is largely associated 
not with the average climatic conditions but 
with the extreme climatic conditions, and I 
would say that we do have a background of 
material on that. I am sure that you realize, 
madam, that the locus of soft fruit industry is 
tending to shift at the present time. It is of 
interest to note that even though there is some 
erosion of original lands to uses for industrial 
and residential purposes, our production of 
fruits has not tended to drop off.

Senator Kinnear: Would you care to name 
the areas?
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Mr. Williams: I am afraid I could not name 
them exactly.

Senator Kinnear: I am terribly interested 
in this, as all of Canada is, I am sure, 
because it is information which never gets to 
the public. If there is a possibility of other 
areas, I think we would be very interested in 
knowing where those areas are.

Mr. Williams: We will be pleased to obtain 
that information for you.

Senator Kinnear: Thank you. Now, do you 
consider that pollution is having any effect on 
the cattle industry? There has been consider
able discussion, with reference to the Lake 
Erie area, about animals dying from pollution 
from some of the local factories. Have you 
done any research on that?

Dr. Wells: We have not had brought to our 
attention recently any serious problems in 
that area. A year or two ago there was a 
problem of suspected fluorosis.

Senator Kinnear: What did you find out 
about that?

Dr. Wells: We did not do any specific 
research with respect to it, but what investi
gation we did do did not show that there had 
been any very strong, or even any serious, 
influence with respect to livestock production 
as a result. This is not the case, of course, in 
the northern part of Quebec where there has 
been a considerable problem of fluorosis from 
the aluminum industry. But, even so, this has 
been cleared up to a large extent by the 
actions of the company involved.

Senator Kinnear: I think of course that 
closing down a part of their plant for the 
summertime and when the animals are in 
pasture—and we would like to see something 
done about it so that it is safe to run the 
industry and also allow the animals to 
pasture.

Senator Thompson: Would this come under 
provincial jurisdiction?

Dr. Wells: Pollution doesn’t come under our 
jurisdiction specifically except where it is 
brought to our attention that it does involve 
livestock production. Then we become con
cerned to the point of ascertaining what the 
damage is and what is causing the damage.

Senator Thompson: The reason you had not 
directly done research on this is because it 
didn’t affect livestock production?

Dr. Wells: Yes, but the correction of pollu
tion problems is not, of course, our 
responsibility.

Dr. Woodward: I might add, Mr. Chairman, 
from the research standpoint that we have 
good information on the effect of fluorine on 
the ruminant and we know the levels of 
fluorine that will cause conditions that will 
affect the health of the animals.

Mr. Williams: I might also add that we do 
have research on other aspects of pollution 
such as the flecking of tobacco and the bronz
ing of beans in that area.

Senator Kinnear: The length of Lake Erie 
which is the garden of Canada is such that it 
is important to protect the soil. This refers 
particularly where fruit is involved. It seems 
to be difficult to change over. I think there 
are areas of Lake Erie which would be just as 
good for fruit production as is the escarp
ment.

Dr. Arthur J. Skolko, Research Co-ordina
tor, (Plant Pathology) Research Branch, 
Department of Agriculture: Referring to the 
question of hardiness, we have a very big 
program concerned with peaches and other 
soft fruits at a research station with a view to 
developing this.

Senator Belisle: When you are asked to do 
research in a new field, do you take cogni
zance of the fact that the provincial Depart
ment of Agriculture has probably made a 
very thorough study of that field? And do you 
take advantage of that?

Mr. Williams: Invariably, sir.

The Chairman: Before going on to Senator 
Robichaud’s question referring to this region
al distribution of research effort, you state for 
instance at page 5 that of the total budget 
which is devoted to agricultural research and 
development the universities and the provin
cial governments contribute 25 per cent. I 
wonder if you could obtain for us later—I 
know you don’t have them now—the figures 
as to what is the separate provincial contribu
tion and if it is available by province.

Mr. Williams: We will endeavour to obtain 
that information for you.

Senator Robichaud: Mr. Chairman, I have a 
brief question to ask of Mr. Williams. If I 
understood you correctly, Mr. Williams, you 
mentioned the brief as recommending an 
early increase in staff of approximately 3 per
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cent which will mean from 10 per cent to 15 
per cent more expenditures. We all know that 
in recent months agreements have been 
signed between the federal Government and 
certain provinces under ARDA or FRED pro
grams which will involve major develop
ments. I refer particularly to an agreement 
signed with the Province of New Brunswick 
in the fall of 1966 involving the expenditure 
of some $89 million or $90 million; the one 
signed earlier this year with the province of 
Quebec involving major developments in the 
Gaspe area; and there is one under discussion 
now regarding Prince Edward Island. All 
those programs will naturally involve agri
culture, and will necessarily mean additional 
work from the research staff of the depart
ment.

My question is: Where are the funds which 
will be needed for this additional research to 
come from? Will they come from the appro
priations of the department, or will they be 
provided by special funds made available 
through ARDA for the implementation of 
those FRED programs?

Mr. Williams: The short answer to that is: 
Both. If the program that is required in re
spect of the special development areas to 
which you have referred is one we would 
normally consider as part of our on-going 
program at the research stations in the area, 
or adjacent to the area, it is funded in the 
Department of Agriculture. If there are spe
cial and extraordinary areas of activity 
required that are directly associated with the 
project itself, and cannot be considered to be 
the normal on-going work we would plan for 
in the existing sense of the word, it is funded 
through the FRED fund itself.

Senator Robichaud: Are steps being taken 
to avoid duplication of staff? Is ARDA taking 
full advantage of the staff being made availa
ble through the Department of Agriculture, 
or are they adding to their own personnel, 
particularly in research which is affecting 
agricultural development?

Mr. Williams: I would say that in so far as 
ARDA is concerned the only possible area of 
overlap or conflict, if you wish, is in the 
area of economics and economic studies, but 
in terms of operational and biological 
research, there is no overlap, they do not 
employ personnel in this field. They do have 
economic studies done and economists of their 
own. I think, however, that this overlap
ping—and I must admit there is bound to be 
some—is kept to the very minimum through

the development of liaison groups consisting 
of federal and provincial groups. For exam
ple, I am on the one for the BAEQ area in 
the Lower St. Lawrence. This liaison group is 
responsible for approving all projects within 
it, and the people within it are quite knowl
edgeable in respect of the many programs.

In addition, we do have full-time 
employees, in some cases, of this department 
who are seconded to ARDA for the purpose 
of co-ordinating the work of the department 
and the work of ARDA.

Senator Hays: Has there ever been a study 
done by the Department of Agriculture, or, if 
not, are they equipped to do a study or 
research on the equalization of freight rates 
across Canada for certain agricultural com
modities—say, cheese or beef cattle?

Mr. Williams: To answer the second part of 
your question first, the answer is: No, we 
have never done any study on this matter. 
And to answer the first part of your question, 
I think at the present time we do have staff 
with the capability in this area.

The Chairman: Before we adjourn, I would 
like to refer to page 80 of the report, where 
you say:

It is not possible to break down the 
total expenditures on a scientific disci
pline basis.

I should like to ask two questions about this. 
First of all, I understand that the DBS is 
publishing figures by departments and 
according to disciplines—the two main 
categories of disciplines being the physical 
sciences and the life sciences. So, surely, you 
must have kind of figures on that subject.

Furthermore, I am wondering if you could 
also provide some figures as to the division of 
your research program between fundamental 
or pure research and applied research and 
development work, because again I think 
DBS is publishing figures in this respect on 
the basis of departments, and somebody must 
be supplying DBS with those figures.

Dr. Woodward: Mr. Chairman, our program 
is a problem-oriented program, and we have 
a multidisciplinary approach to problems.

The Chairman: Yes, I know that.

Dr. Woodward: Our whole programming— 
our planning programming, and budgeting, 
and our forecasts—is established on the basis 
of problems in relation to particular animals 
or soils; rather than disciplines.
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The Chairman: I know that, but—

Dr. Woodward: If we are thinking of disci
plines such as chemistry, physics, mathemat
ics, or biology, then our whole approach does 
not lend itself to an accounting on the basis 
of disciplines.

Dr. Skolko: I think DBS shows the amount 
for agriculture not broken down.

The Chairman: Are you sure of that?

Dr. Skolko: Yes.

The Chairman: And there is no distinction 
in the DBS figures between fundamental and 
applied research and development work?

Mr. Arthur Robert Manery. Co-Ordinator 
of Economic Projects, Department of Agricul
ture: I do not think so.

Mr. Williams: What I think we can provide 
for you, however, is an estimate in terms of 
numbers of professional people, and we can 
then apply some sort of figure per profession
al person—that is, those whose background is 
chemistry as opposed to those whose back
ground is entomology. We have those figures, 
and we can lump the biological sciences and 
the physical sciences together in that way, 
and then make a segregation.

The Chairman: At page 5 you say that 14 
per cent of the money you spend is devoted 
to research on general biology. Well, at what 
level of research is this? Is this biology, or—

Mr. Williams: I shall have to ask Dr. Skol
ko to explain that breakdown, and tell you 
what the sub-items within that category of 
general biology are.

Dr. Skolko: These figures were taken from 
the 1966 Inventory of Agricultural Research 
Projects—the yellow booklet—and the general 
category of biology includes the residual 
research that could not be attributed to any 
of the other fields listed here. In other words, 
they were so broad in their application—

Mr. Williams: In other words, they would 
cover work that might involve a complex of 
animals on pasture where part of it is crop 
research and part of it is animal research, 
and it could not be subdivided into the first 
three groups.

Dr. Migicovsky: And cellular research, 
which would be applicable to all kinds of 
plants.

Mr. Williams: We will endeavour to get 
those figures for you.

The Chairman: We shall meet again after 
lunch. Thank you very much. We will 
adjourn until 3.30 this afternoon.

The committee adjourned.

AFTERNOON SITTING
(Afternoon session)

The Chairman: Before we go back to Sena
tor Belisle, I would like to refer to the ques
tions I was asking at the end of our meeting 
this morning.

I have here a DBS publication which shows 
figures for the Department of Agriculture, 
dividing the research budget of the depart
ment between basic research, applied 
research and development for the year 1965- 
66. Since we were told this morning that the 
department had no such figures, I do not 
know where they come from. Could we have 
an explanation of this?

Mr. Williams: Yes, sir; you can have an 
explanation, but not right now, I am afraid, 
because I have not got the figures with me. 
But if those figures were supplied for 1965-66 
we certainly can supply them for the current 
year.

The Chairman: Yes, but we have to assume 
that they come from your department.

Mr. Williams: Yes, sir. I am afraid all you 
can have from me is an apology, not an 
explanation.

The Chairman: So I will have to come back 
to this later, because if you are not in a 
position to comment now on these figures 
since you have not seen them recently, it 
would be difficult to ask you questions on 
them.

Dr. Woodward: Mr. Chairman, there is a 
breakdown in this report on page 76 on disci
plines of recruitment which would partially 
answer your query, but not as regards basic, 
applied, development and research.

The Chairman: Yes; I suppose we will have 
to defer this.

Dr. Skolko: I could refer you to page 80, 
Mr. Chairman, where there is a breakdown 
on intramural R and D and other expendi
tures in the department.
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The Chairman: Yes, but there is no break
down of the R and D figures.

Dr. Skolko: No.

Mr. Williams: We will obtain them for you, 
sir.

Dr. Skolko: The only other reference that I 
can make is on the expenditures based on 
regional and national spending, on page 62. 
These, admittedly, are based entirely on 
whether the expenditure is made at a 
research station or at an institute.

Now, the institutes in general have a more 
basic program of research as opposed to the 
regional research program. This is a very 
approximate figure, of course, because these 
are not strict separations, but it does give an 
indication.

Dr. Migicovsky: I think it should be added 
here, Mr. Chairman, that the terms basic and 
applied research have been used very loosely 
by both DBS and every organization that has 
tried to do any kind of survey of research. It 
has been extremely difficult to get a definition 
that everybody agrees on.

Basic and applied research as we would 
look upon it in agriculture would probably be 
a very different proposition than if people at 
NRC looked at it, or any other departments. 
So I do not think the breakdown is a very 
meaningful one unless it is accompanied at 
the same time by exactly what is meant, 
because we are in a tyranny of words here 
and the semantic problem is the more serious 
one.

I have sat on many committees that were 
trying to do surveys and out of ten people 
sitting at a committee we got ten different 
definitions of what they meant by basic, 
applied, developmental research, and so on 
and so forth.

Therefore, I think the figures you have 
there are not worth very much from the point 
of view of information.

The Chairman: I think it would be highly 
interesting to know this, because if they are 
of no use then we will just eliminate them.

Dr. Migicovsky: They are of no use without 
a definition.

The Chairman: DBS has definitions; I do 
not know if they are accepted by the depart
ments, but if they are not accepted by the 
departments then the figures based on these 
definitions are meaningless, as you say.

I think it would be useful for us to know to 
what extent they are meaningful or not.

Senator Hays: If you had a research pro
gram somewhere in the field, maybe a break
through in cereal grains, or some sort of 
thing that looked as though it was right on 
the edge of realization and that sort of thing 
and it was going to cost $15 million, how 
would you approach this?

In Mr. Williams’ submission he said he 
thought the growth would be 10 to 12 per 
cent per year and I suppose this would look 
after salaries and that sort of thing. You 
would take this to the Treasury Board from 
the Department of Agriculture?

Mr. Williams: The first thing we would 
have to do, sir, assuming the figure was not 
quite as large as the one you suggested, but 
assuming it was a figure within any propor
tion, the research branch themselves would 
have to see what they could do by re-alloca- 
tion of resources.

Senator Hays: Well, the farm management 
one could well be one of those programs.

Mr. Williams: That is correct, yes.

Senator Hays: And it may be very useful if 
you had to spend $25 or maybe $50 million, I 
do not know. We have done crazier things in 
Canada.

Mr. Williams: The procedure that would be 
followed would be that the particular branch 
that had responsibility for the program would 
have to assess their programs to see what 
portion, if any, could be accommodated with
in their own budget by re-allocation of 
resources.

The next step would be at the executive 
level within the department to examine all 
departmental programs to see what priorities 
we are placing on different departmental pro
grams and whether it is possible to re-allocate 
funds and/or people in order to meet this 
demand, presuming the priorities were such 
that we felt that it was at our top priority.

If we were unable to accommodate it with
in that structure we would have to approach 
Treasury Board to seek relief in terms of 
additional resources.

The Chairman: Senator Belisle.

Senator Belisle: I am going to continue the 
questions in relation between the federal gov
ernment agencies regarding the agricultural 
research.



1072 Science Policy

On page 38 you quote there:
The Agricultural Economics Research 

Council, an independent research agency, 
provide ample opportunity for duplica
tion or co-ordination of program with the 
Economics Branch of the CDA.

Who funds the AERC?
Mr. Williams: It is a joint funding, sir, by 

the federal government, the provincial govern
ments, industry and farm organizations. 
Within this department there is a separate 
vote that allows us to match provincial dona
tions, or provincial contributions to this 
organization up to a maximum figure.

Senator Belisle: Thank you. Then another 
one: Does the CASCC not carry out this co
ordination, or the Science Council, or the 
Science Secretariat; could you relocate that?

Mr. Williams: The co-ordination and avoid
ance of duplication in the operations of the 
Agricultural Economics Research Council are 
carried on largely through representation on 
that body of people from the Department of 
Agriculture and from the provincial organiza
tions who contribute to it.

I believe that at the present time we have 
three people from the department who are on 
the Board of Governors of the Agricultural 
Economics Research Council, sir.

Senator Belisle: You referred to provincial?

Mr. Williams: Yes, sir.

Senator Belisle: Would they assist by 10 
per cent, or 15 per cent, or what figure?

Mr. Williams: Representation of people, or 
money, sir?

Senator Belisle: Of money?

Mr. Williams: I think about a third would 
be a fair guess; at the present moment we 
match provincial contributions basically, and 
the remainder comes from the producer 
organizations and from industry.

Senator Belisle: Thank you.
My last one on this subject is on page 48 of 

your brief you say we have indicated to the 
extent of actual and potential co-operation 
among federal departments and agencies with 
interrelated responsibilities. We believe that 
co-operation could be improved by clearer 
definitions of the roles of the CDA and other 
federal departments and agencies whose pro
grams directly affect agriculture.

My question is this: How many federal 
departments or agencies fund agricultural 
research? Is there much overlap in your 
thinking?

Mr. Williams: You are asking there, sir, for 
an opinion as to whether there is much; I 
think my view would have to be that there is 
not much overlap.

I think I indicated this morning that in so 
far as the biological sciences are concerned 
there is essentially no overlap. In so far as 
economic research there is an area in which 
the responsibilities are not as clear as they 
might be.

The responsibility for a major area of pos
sible overlap here lies between ourselves and 
the Department of Forestry in respect of their 
ARDA and FRED operations, where they do, 
either on an inhouse basis or on a contract 
basis, conduct a considerable amount of 
the economic research associated with 
agriculture.

Senator Thompson: Mr. Chairman, my first 
question is really going back to the questions 
raised by some of the others this morning and 
this was the means of changing practice 
where you say you spend a million dollars on 
communications.

I was interested, and I am quoting from 
the Challenge of Growth and Change, the 
Economic Council’s chapter on productivity in 
agriculture and they are describing crop 
yields and they were saying on page 90 that 
faced by excessive production in the late 
1950s the U.S. government paid farmers to 
take land out of grain production. This in 
turn is likely to induce farmers to increase 
crop yields on the remaining acreage and to 
feed more grain to livestock.

Then they state: On the other hand, the 
Canadian government utilized a system of 
grain delivery quotas, essentially based on 
grain acreage, and this in turn may induce 
farmers to increase their farm acreage and 
invest more heavily in mechanization.

Then, as I read on, I find that the U.S. in 
crop yield, that they had accounted for 
over 170 per cent and this had more than 
compensated for the negative effects of acre
age reduction and shifts among crops while in 
Canada that higher crop yields accounted for 
70 per cent of the estimated expansion in 
crop production.

They also in further pages suggest that in 
the U.S. the reason why they are ahead of us 
in crop yield is because of mechanization and
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they list a number of things, greater fertiliza
tion application, better disease and weed con
trol, and areas in which you are far more 
acquainted than I am, but if I could just 
follow on this and with this I would hope that 
perhaps you would comment on it, they do 
make a comparison between the research 
facilities in the United States and in Canada, 
and a suggestion that really perhaps we are 
not putting as much in proportion to the 
United States into wheat or grain research.

They talk, for example, again of continuing 
research in production and marketing of all 
grain crops as needed to anticipate problems 
and find potential solutions before they 
become acute.

I wonder if I could just stop at that and 
ask for your comments on it?

Mr. Williams: In respect to the first portion 
of that statement, I might enlarge on it. This 
is not a matter of research policy, but rather 
a matter of over-all government policy. In the 
United States their program aimed at con
trolling production of the cereal grains is 
associated with taking areas out of production 
and providing a guarantee in terms of price 
on the crop produced on the areas left in 
production. This provides quite an incentive 
for the person that is farming the acres that 
are left in production to farm as intensively 
as possible; in corn they plant rows closer 
together, and the various factors that you 
read in there.

In fact, it tends to move towards a very 
intensive practice in the effort on the part of 
the producer to defeat the objectives of the 
program, namely to control production. Now, 
I should not say that he is doing it conscious
ly to defeat it, but it moves towards the 

! defeat. He is doing it in order to make a 
living really.

In the Canadian scene, however, we have 
not seen fit to control production in this mat
ter; rather we have delivery quotas on cereal 
grains that are imposed by the Canadian 
Wheat Board. However, the delivery quotas 
are associated with what are known as 

1 specified acreage and the more specified acre- 
i age that a farmer has, the greater the amount 

of wheat he can deliver.

Now, this tends to produce an extensive 
type of agriculture as opposed to an intensive 
type of agriculture.
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I must say, sir, that there are benefits and 
advantages to both; I think possibly the proof 
is in the pudding, in that our farmers certain
ly are competing on the world market with 
their wheat at lesser returns, shall I say, than 
their compatriots in the United States.

Senator Thompson: Have we not dropped 
from twentieth in wheat production in the 
world after the war and now I understand 
Canada is twenty-eighth?

Mr. Williams: Sir, it is not a case that we 
have dropped; it is a case that other people 
have increased somewhat. Our relative posi
tion has changed; that is correct.

Now, in terms of yield per acre, while I 
would not want to enter into a public con
troversy with the Economic Council of Cana
da, there is a little problem there in that they 
are lumping winter wheat and spring wheat 
together in both countries.

In the United States spring wheat repre
sents a very small percentage of their total 
crop; in Canada it represents a very large per
centage. If one presents spring wheat yields 
north and south of the border and winter 
wheat yields north and south of the border 
one will find that in both cases Canadian 
average yields are higher than those in the 
United States. However, when lumped togeth
er this does not show in favour of Canada, in 
that winter wheat is a bigger producer than 
spring wheat in terms of yield per acre and 
they have a much higher percentage. So it is 
a question of weighting here.

Senator Thompson: Another point of my 
question was that I can see, at least I sense a 
sort of sense, I will not say of frustration, but 
at least of impatience with respect to trying 
to change techniques by farmers, as indeed in 
any group of people, and you have pointed 
out that with the lack of financial resources a 
farmer has got to be persuaded that he is 
going to get a return before he will pay for 
new techniques, and yet it seems to me that 
where there has been government action, that 
is the United States saying O.K., you are hav
ing a less amount of acreage, there is the 
economic incentive, they are going to work as 
hard as they can to get a greater crop yield.

Can this apply in combination with other 
research, of the findings of research, induce
ment to farmers through government incen
tives to get them to apply the suggestions that 
you develop from your research?
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Mr. Williams: Very much so, sir; I think 
that I tried to point out in my brief introduc
tion that one of the major functions of our 
research branch is to provide expertise and 
advice to the policy-making arm, that is the 
broad agricultural policy-making arm of the 
department, in matters of this nature.

I think, sir, that one problem that we are 
talking about here is that there is no evidence 
that I know of that the United States farmer, 
despite these differences in policies, is able to 
produce a bushel of grain more cheaply than 
the Canadian farmer, despite the fact that 
their policies may have led to a greater pro
duction per worker which is, I think, the 
point that they are driving at there.

I think that what we are trying to work at 
as an ultimate objective is to produce human 
food of a top quality as cheaply as possible, 
not necessarily to feed the population cheap
ly, but in order that the farmer may have a 
profitable enterprise.

I mentioned this morning this difficulty that 
is associated with getting people to develop, 
to undertake improvements that are relatively 
costly to them because of their problems, 
because of their over-all economic position in 
our broad general economic picture. I might 
say as a matter of example when these are 
basically non-cost improvements, or very low 
cost improvements, the picture changes very 
significantly.

I think probably one of the best examples 
is a variety of wheat that was developed by 
our research branch. It is Manitou; it is an 
improved rust-resistant wheat, suitable for 
the rust areas of western Canada. It first was 
put on the market in 1965; in 1965 we were 
able to release 4,600 bushels of it, which is a 
very small amount in comparison to our total 
needs. In this current year some 13 million 
acres of Canada were seeded to Manitou 
wheat; that is better than 40 per cent of our 
total crop and it is estimated that in over 60 
per cent of the area for which Manitou is well 
suited, farmers were growing Manitou wheat.

So you have here an innovation that is a 
relatively low cost one; he buys seed anyway, 
at least a great many of them buy seed. Not 
all of them do, some of them use their own 
seed, but if you have a low cost innovation it 
is taken up relatively quickly.

Senator Thompson: I appreciate this; you 
pointed out in this that the Economic Council

are grouping the spring and winter wheat 
together, that really they have not distin
guished the whole picture in their 
presentation.

Mr. Williams: Yes; I would say, sir, that in 
so far as their presentation is concerned that 
is perfectly correct. There is nothing incorrect 
about their statement. However, if one starts 
to draw certain conclusions from them, those 
conclusions might be misleading.

Senator Thompson: Can I take another 
area, and ask you on it: While the proportion 
of cream shipments varied among provinces 
in all provinces except British Columbia milk 
production per cow is lower than the national 
average of the United States. Do you accept 
that statement?

Mr. Williams: I accept that statement but 
we are into, once again, a very serious prob
lem of definition.

We have in this country and they have in 
the United States beef cows and dairy cows 
and they have beef cows being milked part of 
the year. I think that our dairy industry is 
probably not as advanced as it is in the Unit
ed States as a whole and I suspect that the 
farmer is simply asked do you milk your 
cows. If they milk they are considered to be 
dairy cows.

In some parts of this country where there 
is a very mixed type of farming, these are 
beef cows that are milked for only a portion 
of the year.

I think that when one compares, for exam
ple, the herds that are on record of perform
ance, which are dairy herds that are under 
an official testing scheme where we have : 
accurate knowledge of their actual level of 
production, the comparisons are not invidious 
at all between ourselves and any country in 
the world.

Senator Thompson: Could I just follow this 
one last thing that I noted: it refers to these 
comparisons, and that is comparisons with 
the United States and Canada, it would 
appear that as in crop production yields, 
livestock production is below U.S. levels and 
that in some areas, for example dairy and 
cattle production, the gap is widening. These 
diverging trends probably reflect the many 
factors, including lags in the adoption of 
efficient farm practices and gaps in research 
and development in the livestock sector.
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Animal research efforts in Canadian uni
versities and in federal and provincial 
research institutions are proportionately 
smaller than the United States. Also a rela
tively much smaller volume of research in 
Canada is conducted by private industry than 
in the United States and it is not known to 
what extent this lack of private research puts 
Canadian yield technology at a disadvantage. 
If this gap in yield technology is to be 
reduced its causes must be more carefully 
identified.

Would you agree with that statement, or 
would you comment on it, let me put it that 
way?

Mr. Williams: I would certainly be pleased 
to comment on it and I would be completely 
incorrect if I did not agree with it as a broad 
generality.

I think to deal with the various points that 
are raised there, and I am not sure that I can 
recall them all quickly, in so far as industry 
research is concerned there is no doubt that 
this is a fact. I think that this is a fact that 
stems from our position lying alongside a 
very large neighbour to the south of us with 
much of the industrial research being done in 
the United States and being applied by firms 
operating on both sides of the border with 
their research being largely done at home, at 
home being the United States rather than in 
Canada.

Senator Thompson: Could I just take that 
as the first part: What efforts by the govern
ment, or by your department, are done to 
encourage industry to do research?

Mr. Williams: Our efforts I suppose as 
exemplified within the department are rather 
limited in so far as those products which by 
regulation, by law at least, we are required to 
regulate.

In general we require that the information 
provided to us by manufacturers must be of 
Canadian origin. For example, pesticides 
must be registered by the law of this land 
and must be registered by the Department of 
Agriculture. We will not register pesticides, 
for example, unless we have Canadian evi
dence as to their usefulness and their efficacy 
and safety.

Those are the major factors, but having 
said that, the basic research in developing 
that pesticide probably has been done else-
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where. The other avenue, of course, is grants 
through the former Department of Industry, 
grants and tax concessions that are allowed 
by the Department of Finance in respect of 
research activities of Canadian companies but 
of course these do not come under this 
department.

The other point that you raised in that 
excerpt that you read, Senator, was the ques
tion of large animal research and the 
inadequacy of that. I am afraid, sir, that we 
as a department and the research branch 
must agree that this is correct; we are 
endeavouring to alter this. We are endeavour
ing to place increased emphasis on it, and if 
any of the members of this Committee, sir, 
might wish to do so we are developing a 
major complex just outside Ottawa in the 
green belt aimed entirely at large animal 
research. This is presently in the process of 
development as one step towards rectifying 
this imbalance that has existed in previous 
years and continues to exist I may say.

Senator Thompson: We have discussed 
university limits; would you want to elabo
rate more? They mention, for example, ani
mal research efforts in Canadian universities 
are proportionately smaller than in the Unit
ed States.

Mr. Williams: I think that I would ask Dr. 
Woodward or Dr. Migicovsky to elaborate on 
this.

Dr. Migicovsky: That is true, but the big 
reason is the costliness of large animal 
research. Large animal research is the most 
costly item of any research we do in agricul
ture; there is the reason.

The contributions made to university 
research have been of such a nature that it is 
difficult for any one university to launch a 
large program in animal research.

Senator Thompson: As far as research on 
wheat, and I am sorry I cannot find the actual 
quote on this, but again a comparison was 
made suggesting that wheat is a major staple 
for export as well as internally for Canada 
and yet that in comparison with the United 
States in proportion to acreage that the Unit
ed States, I think, has one scientist, I may be 
incorrect in this, for a million acres, and we 
have a great deal less number of scientists.

The Economic Council is suggesting that in 
view of the importance of wheat to us that
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we should be giving a greater proportion of 
our scientific research to that. We spend more 
on soya beans; you will have to excuse my 
ignorance but, as I understand it, these other 
products than on wheat. Would you comment 
on that?

Dr. Migicovsky: The amount of research 
that should be put on any one product is not 
very well calculated if you simply do ordinary 
arithmetic and you say the gross national 
product is such, or the productivity is so 
great, therefore relatively we should have that 
many officers.

To comment on the comparison between 
the United States and Canada: They may 
have found that they have more problems 
with respect to their research also since they 
have 51 states and their research is more or 
less divided into that many units, the amount 
of research in any one unit could be greater.

Perhaps I could say facetiously that we do 
not need as many because we have better 
research; that may well be the case, but our 
research is devoted to the problems in our 
agriculture and we allocate according to 
where the problems are and how much that 
particular problem requires in terms of 
research.

In our judgment with respect to the 
amount of money available to us we have had 
to allocate it in the manner we have. Perhaps 
if we had more it would go into cereals, ani
mals and engineering, and this is what we 
expect to do.

Our tendency is to put our money where 
our problems are and I think the success of 
our cereal industry, if you will, is a reflection 
of the good research that has been done in 
Canada with respect to cereals.

Senator Thompson: But to come back to 
this figure, that we were twentieth in wheat 
yields per acre after the war of the major 
nations of the world and today Canada is 
twenty-eighth; it was suggested that this is 
not because we are losing in the amount of our 
production, but that others are gaining on us.

I would assume they are gaining because, 
as I say, of improved techniques, increased 
mechanization, and a number of other factors.

Is this not very important to us, that we 
should be maintaining our position, at least at 
twenty-eighth?

Dr. Migicovsky: The position is a relative 
one; now where other countries have come 
into production and increased their produc
tion in part due to the fact that some of these 
new varieties that have come into existence 
are grown in areas that are not nearly as 
severe as those presented by Canada.

In other words, research to increase pro
ductivity in Canada as compared to research 
to increase productivity in the central United 
States, if you were to compare that, the 
amount of research required in Canada would 
be that much greater. It is like taking two 
airplanes, one flying with a headwind and 
one flying with a tailwind.

Because the conditions that face us in 
Canada are of such a nature that it is much 
more difficult to make progress than it is 
when you compare the conditions that face 
the people of the United States in the central 
states, the growing season and so on.

Senator Thompson: Let me take another 
aspect: If Canada has moved from twentieth 
to twenty-eighth, and the reason is that other 
countries are starting to increase their techni
cal abilities to grow wheat and they have got 
better climatic conditions and so on, are you 
doing a study to indicate that we should be 
moving into other areas of crop production 
than wheat?

Dr. Migicovsky: These are always under 
study; opportunities for diversification are 
being looked into; the use of other, different 
varieties of our cereals are being looked into.

These are all being looked at and, of 
course, the entrance of the economists I think 
in greater number will do a great deal 
towards helping to solve these particular 
problems.

Mr. Williams: I think I should, sir, go back 
here at this point to a statement I made 
previously about different types of wheat and 
different qualities of wheat.

I think this is one point that bears on the 
question in hand: In reply to your last ques
tion I suppose that the biggest area that is 
taking our concern at the moment is that as 
to whether or not the very high quality, rela
tively low yield wheats in Canada are the 
kinds that we should continue to produce. 
There are several major studies under way at 
this present time, not only within this depart
ment, but also among other agencies.
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You may recall, sir, that the Minister of 
Agriculture announced a short time ago the 
formation of a National Grains Council. This 
is going to be one of its first jobs, as to 
whether or not we should, with the changing 
world markets, perhaps give some considera
tion to de-emphasizing quality and placing 
more emphasis in our selection program on 
over-all yields.

A further point that I think has altered the 
relative position of Canada is that in many 
countries of the world that were not tradi
tionally wheat producers they have moved to 
a system of subsidized wheat production that 
has in essence brought better lands in that 
country into production than was previously 
the case.

I think probably one of the areas where 
this is most true is in eastern Europe, western 
Europe at least, and in the United Kingdom, 
where a program of subsidization of wheat 
production in order that they might meet 
some of their internal aims in respect of self 
sufficiency, or approaching self sufficiency, 
has resulted in a transfer of lands that for
merly were used for higher priced crops to 
wheat crops.

There are countries in this world where 
wheat is subsidized, for example, at the level 
of almost twice the level that the Canadian 
farmer gets for it. Obviously these people 
devote better resources, or are able to devote 
better resources to it, thus their yields tend to 
go up.

Senator Grosarl: Mr. Chairman, I am sorry 
I was not here this morning but I was attend
ing another committee, as you know; all I can 
say is stop me if you have heard this one.

The first is a specific that I was asked to 
put to the witnesses; it refers to a develop
ment, I believe, in the department of an 
antibiotic called myxin. The information I 
have is that it was hailed as a tremendous 
discovery in the antibiotic field; it was tested 
and found not to live up to expectations and 
was perhaps patented by Canadian Patents 
Limited.

Could you tell us anything about that?

Dr. Migicovsky: Yes, myxin was discovered 
by the Cell Biology Research Institute here in 
Ottawa. It appeared to have on the basis of 
laboratory tests and some very preliminary 
small animal tests efficacy as a very valuable

antibiotic. It was patented and the patent was 
licensed to one of the drug firms in Canada.

It was subsequently found that it could not 
be used as a potent antibiotic, for several 
reasons. One was its insolubility; two, its 
toxicity; and also its efficacy was questioned 
with respect to large animal infections.

It is thought now that it could possibly be 
of use as an antibiotic in terms of some of the 
plant diseases. This is now being investigated.

Like many other discoveries which appear 
in the headlines, and you know that we have 
cancer cures about every other week, I regret 
to say this is probably one of them. Why it 
did not work out and why subsequent tests 
did not show up, these are one of the risks 
we take in terms of research.

In other words, if you throw darts at the 
board and the tenth one hits the bull’s eye, 
we might well ask why did you bother with 
the first nine.

Senator Grosart: It was not meant as a 
critical question; it was just meant to ask for 
information.

You still have some interest in this, and 
some hopes that it may prove useful?

Dr. Migicovsky: That is correct. It is still 
under investigation and I might say that the 
National Research Council came in in co
operation with this work; they did the chemi
cal synthesis work. They have synthesized a 
number of other derivatives which may hold 
promise; I cannot say. Investigations are 
under way.

Senator Grosart: Yes; I notice that in your 
brief you show very little interest in patent
ing developments of your research efforts in 
the department and you give a very good 
reason, but you speak of one very interesting 
patent. This is on page 94; I will not read it, 
but I would be very interested in hearing 
some further comment on the monopoly 
breakthrough aspect of it.

This is the dehydrated potato flakes field. 
What was the nature of the monopoly that 
you broke through?

Dr. Migicovsky: They had a monopoly on 
this process; this is the potato one we are 
thinking of, is it?

Senator Grosart: Yes?

Dr. Migicovsky: They had a process by 
which they had a monopoly on producing this 
kind of product. As a result of this discovery 
which gave us an alternative method we were
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able to patent it, therefore it broke the 
monopoly of the former method.

This is very frequently done in terms of 
patents, as you well know.

Mr. Williams: If I might expand on it a 
little bit, sir, basically the situation was that 
there was a patent; it had very limited lic
ensing in Canada and the main source of this 
particular product, dehydrated potatoes, or 
instant potatoes as they are called, was from 
other countries and were so being sold in 
Canada.

It was fortunate in his case that our people 
were able to develop a patentable process 
that produced a product that we felt was 
superior to the other patent and we made this 
available to Canadian manufacturers who 
wished to use Canadian potatoes to produce a 
Canadian product.

This is the reference here.

Senator Hays: Yes; well, while I see you 
do not go extensively into the patent field, do 
you have a substantial number of develop
ments in your research work that you are 
able to turn over to private industry? Is this 
a common experience?

Dr. Migicovsky: Not really, not very; it is 
not very extensive.

Senator Hays: Not in the veterinary field?

Dr. Migicovsky: No; there are almost so 
few that we can almost name them on the 
fingers of our hand.

Senator Hays: The second part of my ques
tion was taking those outside the patent 
fence.

Mr. Williams: Oh, yes; there are many, 
many of those; many, many of them.

The Chairman: In what particular field, for 
instance?

Mr. Williams: If you are talking about the 
industry as a whole, practices that the farm
ers are using, or are you speaking of the 
industrial end of it?

Senator Grosart: I am speaking now of 
work that you have done that has subsequent
ly become a commercial product.

The Chairman: For the industrial sector?

Senator Hays: Yes; in other words, 
research that you have passed over into the 
industrial sector?

Mr. Williams: For the industrial sector, not 
the production end of it?

Senator Hays: No, the industrial end of it?

Mr. Williams: Yes; I would say they are 
quite numerous. We have many in the area of 
storage; in the areas of transportation; in the 
areas of food processing.

I could go on I think for quite some time 
and name various things, many of the prod
ucts that are presently on the market repre
sent developments that have taken place on 
our research farms and stations.

Senator Grosart: Do you have an innova
tion division, or a marketing division within 
the department?

Mr. Williams: Not specifically, but we do 
have a food processing institute and we do 
have at three separate locations across Cana
da laboratories that are particularly interest
ed in this entire question of food processing 
to put it particularly.

Senator Grosart: When you come up with a 
discovery that seems to have some applica
tion, some industrial application, what do you 
do? Do you go beyond the scientific paper, or 
do you go out and look for firms that might 
exploit it, or might be interested in distribut
ing it?

Mr. Williams: It depends very much, sir; if 
we believe that it needs a considerable 
amount of developmental work and that that 
developmental work will not be carried on 
without a patent, our tendency is to go to the 
Canadian Patents and Developments and seek 
their view as to whether it should be patent
ed and licensed by them, in that in general in 
the food industry people are not particularly 
interested in putting money into development 
unless they have some exclusive right to the 
product for some time, or at least partial 
exclusive right.

On the other hand, if it is an innovation 
that does not require development we simply 
put it in the public domain immediately 
through publications and through contacts 
that the people in the other side of our 
department, that is to say the regulatory side 
of the department, have with the industry.

Senator Grosart: Yes; I was really particu
larly interested in what machinery you might 
have, because we have had evidence that in 
some cases discoveries are made at perhaps 
the basic research level and then because of
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the very high costs of moving that basic 
research discovery level through applied 
science and into technology, that people on a 
pure scientific level tend to forget them.

The question naturally arises, why pure 
science? How do you bridge this gap?

Mr. Williams: Well, I think that I will have 
to say, sir, that we have no formal 
mechanism; we deal with it pretty much on 
an ad hoc basis.

I can name one example, for example Dr. 
Migicovsky who is with us discovered a 
method for removing strontium 90 from milk. 
Very great consideration was given as to 
whether or not this should be patented and 
whether he should go through the develop
mental processes. The decision was made that 
in view of the possible benefits that would 
accrue as compared with the costs we should 
not do the developmental work. However, it 
was taken up by the United States and the 
United States did the developmental work 
and Dr. Migicovsky worked very closely with 
them.

So that I would say that we do not have a 
formal mechanism, sir, and each case is han
dled on its own merits.

Senator Grosart: You do not feel the need 
for one?

The Chairman: But does that not result in a 
kind of isolation in so far as your research 
activities are concerned?

Perhaps these figures are not very good, 
but they show, for instance, that in 1965-66 
out of a total expenditure of $28 million for 
R and D the expenditures of the department 
for development work were only $2.7 million, 
which means that you are not doing very 
much development work within the depart
ment.

On the other hand, private industry is not 
doing very much and you seem also to infer 
that the provinces are not doing very much. 
When you say, for instance, that while the 
responsibilities in the field of extension of the 
results of research to ultimate users lie 
primarily with the provincial authority, most 
provinces have not or cannot meet their obli
gation, so if the provinces are not meeting 
their obligations and if industry does not do 
very much and if you have no direct contact 
with industry and if you do very little devel
opmental work, most of your activities are

concentrated on fundamental or applied 
research, and it more or less ends there. Is 
that true?

Mr. Williams: I suppose, sir, that I would 
have to say that in all these matters we prob
ably could do more. I also think though that 
we have a little bit of a problem here in 
terms of definition, in that developmental 
work in terms of agricultural research, we 
normally do not put anything out as a method 
that is suitable for use in this country unless 
we have done this with the primary producer 
as opposed to the industrial sector, until it 
has been thoroughly tested at our laboratories 
or at our experimental farms.

Now, I am not sure as to the breakdown of 
those figures, so you will have to excuse me 
for that, but I would think that by the com
mon use of the word development as applied 
to other types of research that much of our 
work of this nature would be called develop
mental work.

In other words, our plant breeder finds a 
variety; he considers it as part of his research 
work, the applied research, the testing of it at 
X stations for Y years across all the areas 
that he thinks it might be suitable in. I am 
sure that other people would consider this 
developmental work, rather than research 
work and I would suspect, sir, that a great 
deal of this discrepancy in developmental 
work as opposed to applied and basic 
research falls in this area once again of 
definition.

In so far as industrial processes are con
cerned, we do not specialize in that area; we 
orient towards the producer himself. Obvious
ly we do carry through many products into 
the ultimate utilization, but we do very little 
developmental work in that area and I would 
not argue with anybody, sir, who said we 
probably should do more.

Senator Grosart: I think my questions were 
prompted by two matters arising out of your 
brief: one is the emphasis on the scientific 
papers where this seems to be one of the 
criteria of promotion and pay; the other is 
some rough arithmetic which seems to sug
gest that your scientific manpower may be 
spread pretty thin through your projects.

The rough arithmetic that I have here indi
cates—I refer to page 144, Table 2.9.1—that 
the Research Branch is shown to have 1,417 
projects under way, not including testing and 
adaption trials, for which you have a scien-
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tific and professional staff of 920, which looks 
like a ratio of about one and one-half projects 
per scientific or professional staff.

This seems to be spreading it pretty thin 
and if the mission to which they are orienting 
their work is a scientific paper I wonder what 
time they have left.

That is why I spoke of a mechanism to get 
into the applied field.

Mr. Williams: I think I would ask Dr. Migi- 
covsky to answer this, please.

Dr. Migicovsky: We first have to recognize 
that scientific papers will result from both 
what has normally been referred to as pure 
research and applied research. They all give 
rise to papers. Also what should be called 
development also gives rise to scientific 
papers.

So scientific papers are really not the cri
terion of whether the work is applied— 
because it produces a scientific paper does not 
mean that the work is not going to be applied 
and developed and used by the people for 
whom it was intended. We have to bear this 
in mind.

Scientific papers are a very good means by 
which we get the results of our research dis
tributed to the people who are interested in 
learning about it; it is the only way we really 
have, in terms of science, in doing it and 
therefore it is extremely important.

We do not put all our measurements on 
pure scientific papers; it is only one of the 
criteria that we utilize for promotion, and so 
on, but it is an important one, because that is 
how the scientist shows us what he has done 
and this is what he strives to do, put the 
results of his work on paper.

The Chairman: Is this an answer to your 
question?

Senator Grosarl: A partial answer; one 
always in this field thinks of Malthus, of 
course, who wrote his paper a hundred years 
before anyone paid any attention to it. One 
wonders how much this happens in this area.

Dr. Migicovsky: Not in our organization; 
we review our work constantly. At every 
station and institute there is a director, our 
section heads, who know about the results of 
the work of the people working under them.

It also is brought to the attention of the 
co-ordinators at headquarters and we are

very much aware of all work that is being 
done and we can follow it to see whether the 
results are being followed up or applied, as 
the case may be.

Senator Grosarl: In other words, you have 
perhaps a series of mechanisms?

Dr. Migicovsky: Oh, we certainly do.

Senator Grosarl: Or a policy to bridge this 
gap that I am speaking of?

The Chairman: Would you say that most of 
your research projects originate initially from 
your research workers?

Mr. Williams: Yes; in the formal sense they 
do originate with them and come up, rather 
than start at the top and are forced down. 
They originate basically because there are 
problems in agriculture in parts of this 
country.

I might say in further explanation of the 
last question, I think we have another 
mechanism, sir, that keeps us honest, if you 
will put quotations around the word honest in 
this respect, that is our clientele are very 
close to our research workers. We have advi
sory committees at most of our major stations 
who work with our research people; we have 
our farmers, who are clients into our research 
stations and unless the work there is pretty 
well oriented in the direction that they feel it 
should be going we certainly hear about it 
very quickly.

The Chairman: But once the initial propos
al has been made by the prospective author, 
then it goes through the process which is 
described here in your brief.

Could you say what is the proportion of 
these projects that are approved and rejected 
by this process of examination?

Dr. Woodward: Mr. Chairman, if I may say 
there is a very small proportion that has 
finally come up to the level of authorization 
that are rejected.

The Chairman: A very small proportion?

Dr. Woodward: A small proportion, because 
actually the program areas are assigned by 
the strategy of the executive of the research 
branch and manpower is recruited to pro
gram areas. Then the man who is assigned 
this problem develops his project on the 
problem.

When this project comes forward, if it is 
not satisfactory and does not lead up to the
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goals and objectives that we want to achieve, 
there will be consultation with the director of 
the establishment and the research officer by 
our research co-ordinators, such as Dr. 
Skolko, so that when finally a project comes 
up to the executive for approval there are a 
small proportion that are rejected at that time 
and I think very properly so.

The Chairman: But this is at that stage; it 
seems to me that priority should be applied 
and it may very well be, for instance, that 
the initial proposal was of great interest to 
the researcher himself and may not have the 
same interest for Canada as a whole; how do 
you take care of this?

Dr. Woodward: This is taken care of by our 
executive group and the consultation within 
that group and between the co-ordinating 
group in the research branch where the co
ordinators discuss the relative priorities and 
weights within the resources we can afford to 
put on any particular project.

The Chairman: In any event, they are 
almost all accepted finally?

Dr. Woodward: Only after the co-ordinators 
have negotiated, sir.

Dr. Migicovsky: It is the program area that 
gets the priority; the actual individual project 
has to fit into a program area.

Now, as to how an individual researcher 
can plan his work, he puts the plan forward 
and it is the plan of that individual project 
that comes under examination of the co
ordinators. Now, the program area has been 
decided by the executive as to whether this is 
a priority program area. It might be the case 
of wheat breeding; it might be in the case of 
food technology, a certain area of food tech
nology for apples; or it might be in the case 
of a certain area of agricultural engineering 
which we have been told by CASCC, or some 
other agency, that this is a high priority area. 
We have already decided that it is a high 
priority area.

Now, it is the filling in into that area; we 
also do it by hiring. Where we have a vacan
cy we have to make a decision, are we going 
to hire into agricultural engineering; are we 
going to hire into cereal breeding; or into 
fruit breeding, as the case may be. Naturally, 
this is where the executive has to make a 
decision: What is the highest priority at this 
particular time? Where are we going to put 
our resources?

The Chairman: What do you mean by the 
executive?

Dr. Migicovsky: The executive is made up 
of the Director-General and the five Assistant 
Director-Generals and of course they have 
available to them the research co-ordinators 
in the various areas who advise them on par
ticular problems.

Senaior Grosarf: Do you have any kind of 
on-going technological audit of these projects?

Dr. Migicovsky: Constantly; our research 
co-ordinator is responsible for one or several 
areas of research throughout the branch and 
he is responsible for continually reviewing 
the work being done in that particular area 
and he could suggest changes that should be 
made, perhaps the removal of people, moving 
from one area to another, or where vacan
cies occur whether they should or should not 
be filled, whether the vacancy should be 
moved into another area. This type of thing, 
and the individual projects are reported on 
and continuously vetted by the co-ordinators.

Mr. Williams: There is a formal procedure 
whereby for every authorized project in the 
research branch, a report is required on it 
annually and a review and reassessment of it 
on at least a five year basis. So that these 
things must be reassessed by people as a 
requirement, and our project system forces 
this on the group.

Senator Grosart: Who examines the audits 
over the whole department?

Mr. Williams: The executive of the 
research branch, backed up by the various 
co-ordinators, one or more of the 12 co
ordinators that have responsibilities for dis
cipline groups.

Senator Grosart: Then is there a total 
analysis of this at the executive level? Could 
you look over the whole thing and say there 
are so many abandoned this year; so many 
should be abandoned, so many new projects?

Dr. Migicovsky: This is done, but it is not 
done as simply as that, because you have to 
realize that we have approximately 1,000 
professional people, and there is this number 
of projects.

Senator Grosart: This would seem to make 
it more rather than less necessary.

Dr. Migicovsky: I don’t say necessary—
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Senator Grosart: Your assessment of the 
auditing, the fact that you have “X” people.

Dr. Migicovsky: There is an assessment 
done by the co-ordinators and the executive. 
This is the assessment, and decisions are 
made as to whether you stop or renew or 
start another new one, as the case may be.

Senator Grosart: In this problem-oriented 
area, where you take on projects which are 
specifically related to a problem you have 
discovered or have had reported to you, do 
you make a crude count, say, that “this year 
we solved so many, and we found so many 
insoluble”? Do you make that kind of crude 
count, which you can do in business, because 
your accountability is different, I would 
think. I am an old PR man and if I were your 
PR man I would want to put it out for the 
public that we solved X number of problems 
this year for the farmers.”

Mr. Williams: I suppose we go through that 
each year, when we present a report to the 
Minister of Agriculture in which we are al
lowed to highlight only the accomplishments 
of each branch each year and at that time 
there is a very definite assessment of what 
have been the major areas of progress, but it 
is not quite the type of assessment that you 
are speaking of.

Dr. Migicovsky: We do not make that kind 
of assessment. Each station and institute and 
farm puts out an annual report and you get a 
look at that and see exactly what they have 
done and accomplished. In addition to that, 
we have now embarked on the “management 
by objectives” scheme and we are re-aligning 
all our projects in terms of objectives and 
goals and activities. This will make it easier 
for us to be more efficient, in enabling us to 
assess for each project what has been done in 
this type of thing. This will make it easier. 
We go through this but not in as formal a 
manner as perhaps if you were in business 
and making a single product—how many 
products have you made and how much profit 
from each product, and so on. It does not 
quite fit into that, because not all our benefits 
are monetary.

Senator Grosart: I am not suggesting that. 
You mentioned the annual report. I am not 
greatly impressed with the annual reports of 
any department or of any business, and most 
of us look to the notes to the financial state
ment to get the real facts about the finances.

In your annual report do you, if I may say 
so, boast—and quite properly—about your 
achievements, but do you not give the 
misses—that is what I am interested in. Have 
you made this kind of practical audit?

Mr. Williams: I would say no, sir.

The Chairman: What was the last review 
you made of your different projects? Do you 
do that at the end of the calendar year or 
early in the fiscal year?

Dr. Migicovsky: The research directors will 
start within a matter of less than a month 
writing up the annual review, the report for 
the 1968 calendar year.

The Chairman: For instance, let us refer to 
the last annual review that was made, would 
you have any idea of how many projects were 
stopped at that time?

Dr. Migicovsky: Yes, we would know 
exactly how many were stopped and how 
many were started.

The Chairman: Do you have that figure?

Dr. Migicovsky: Right now, I am afraid 
not.

Dr. Woodward: We do have a continuing 
review, and projects are continually being 
stopped and new ones being started through
out the year, and we do make a monthly or 
quarterly review of all projects being discon
tinued or initiated.

The Chairman: Suppose you stop a pro
gram or project and the staff which was 
engaged on that project does not have any 
other project to undertake in that field in 
terms of your own priorities, what do they 
do?

Dr. Woodward: In good management prac
tice we expect, when we stop a program, to 
have a suggested program recommended as a 
replacement for it. Certainly we have to keep 
everybody busy, to keep up good morale, and 
it is not practical to discontinue a man’s work 
unless you assign him something more 
important.

Senator Grosart: You should tell that to the 
Treasury Board.

Dr. Migicovsky: The difficulty is not in 
finding work for them to do but in selecting 
the ones we want to be working on, for them 
to start on. There is no lack of projects to be 
started. There is no difficulty there at all.
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The Chairman: You seem to have a com
plaint about this on page 2 of your summary, 
paragraph 11. You seem to complain about 
the inflexibility in transferring staff to meet 
changing program requirements. What do you 
have in mind?

Dr. Migicovsky: Let me explain this to you, 
as an example. Perhaps we feel that we want 
to start a project some place in Summerland, 
for example, because of a problem that has 
arisen there and has been brought to our 
attention; and we have to have three 
entomologists and two chemists to do it. But 
we don’t have any new positions. Therefore, 
we have to wait for vacancies that have 
occurred elsewhere, and then we have to find 
and hire new people to put into those vacan
cies to go to Summerland. Or we can find 
people who are now working on other pro
jects, entomologists and chemists, and trans
fer them from, say, Kemptville or Ottawa to 
Summerland.

All this creates a problem. We cannot hire 
people for new positions because we do not 
have that much turnover. The only flexibility 
we have is the amount of turnover we have— 
the number of positions that become vacant 
due to attrition, retirements and so on. This is 
why we do not have the flexibility.

The Chairman: At some stage in the report, 
although I do not have the exact reference 
here, you seem to imply that there is a prob
lem of personnel that may have a political 
aspect to it.

Dr. Migicovsky: Perhaps you are refer
ring to the closing out of the stations.

Mr. Williams: The discontinuing of work in 
certain areas?

The Chairman: At any rate, it would be 
related to this problem of flexibility. Do you 
mean that perhaps you would like to get rid 
of some people but cannot because of the 
axiom that when you are in the public service 
you cannot be fired?

Dr. Migicovsky: I am not criticizing that 
attitude, but it is part of the problem. Obvi
ously, an organization the size of ours would 
always have a small percentage of people 
who are not quite up to snuff. Certainly we 
would increase the efficiency of our organiza
tion were we to replace older people with 
young, bright effective scientists. A man may 
have been with us for 25 years, and may have 
been very effective 15 or 25 years ago,—but

by virtue of the changes that have occurred 
in science it is very difficult for many people 
to keep up. This takes place not only in 
science but in every other walk of life, 
including medicine and law.

Senator Grosart: And politics.

Dr. Migicovsky: Do you fire this man after 
25 years? You do not. You have the problem 
of inflexibility and you deal with it as best 
you can. I think we do so reasonably effec
tively. We get into a lot of problems that do 
not require a high degree of ability and are 
still within the ken of an individual, and we 
try to suit the problem to the man as best we 
can.

The Chairman: We had Dr. Uffen from 
the Defence Research Board before us. He 
told us that, in his field at least, a good 
number of researchers beyond the age of 40 
were more or less obsolete for the purpose of 
research work.

Senator Grosart: In terms of creativity.

The Chairman: Yes, and in terms of new 
research developments in their respective dis
ciplines. Do you find this to be so in your 
area of work?

Dr. Migicovsky: Not to the same degree as 
they do in the physical sciences. Many of our 
people in the applied fields have remained 
efficient to the day of their retirement, and I 
could name them off. On the other hand, 
there are some people who lose their effec
tiveness by virtue of the fact that their 
science has gone beyond them.

Mr. Williams: I might suggest, too, sir, that 
there is probably another place where our 
situation is different from Dr. Uffen’s, in that 
some of these people, while they may lose 
some of their zip—and I think this was a 
reference to research officers—we have 37 
field establishments, and we have many man
agement and operational jobs needed to run 
some of these very large establishments, and 
some of these people fit in very well at super- 
administrative-type jobs. I don’t mean just 
research management, but research adminis
tration, and within a number of these field 
operations we have found these people doing 
excellent jobs for us in some of these areas.

Senator Grosart: Mr. Chairman, a final 
question on personnel; we seem to have start
ed a debate between the Science Council and 
the National Research Council as to whether
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or not we are going to have a surplus of 
Ph.D’s. I was rather surprised to see in your 
table on page 70, which refers to post-doctor
al fellows, that only eight of a total of 125 are 
Canadian. Does this constitute a problem?

Dr. Woodward: It is a problem of a supply 
of Canadians, and the reason that we have 
not had many Canadians as post-doctoral fel
lows is that we have had vacancies which we 
could offer to Canadian Ph.D.’s. Financially a 
man finds coming in on full salary in a per
manent position on a probational basis more 
attractive than the stipend for the post-doc
toral fellows.

Senator Grosart: It seems to be attractive 
to a large number of people from other coun
tries. I see there are 31 Indians, 28 Japanese, 
12 British, nine Czechs, and then we have 
Canada with eight.

Dr. Woodward: This is explained to some 
extent by the difference in the economies of 
the countries and there is also the fact that if 
we have a good Canadian boy he has priority 
for permanent appointment.

Senator Grosart: But it seems that these 
other people are interested in getting their 
feet wet as post-doctoral fellows.

Senator Belisle: I believe it has been said a 
while ago that we had a thousand profession
als scattered all over the place. How many of 
those or what percentage would be Ph.D.’s?

Dr. Migicovsky: According to the break
down there would be approximately 400- 
and-some-odd Ph.D.’s.

Mr. Williams: Five hundred and fifty-one 
out of a total of 1,208.

Dr. Migicovsky: But there are 600 others 
that have Ph.D. equivalent.

Senator Thompson: We are very lucky to 
have people of other nationalities who want 
to come here with their skills. Do you have 
the feeling that you regret that you are not 
able to have the lower institutions and gradu
ate schools and universities in Canada to pro
duce people for you and because there are not 
enough coming through you have to take peo
ple from other countries?

The Chairman: It would seem that we are 
not rendering a very great service to India.

Mr. Williams: Why is that?

The Chairman: Well, we are hiring all 
these Ph.D.’s from India when probably she 
has need of their services herself.

Mr. Williams: In that respect we should 
remember that these people are over here as 
post-doctorate fellows for a definite term and 
for their own educational enlargement. In fact 
many have come under our own External Aid 
and other programs. In that particular table it 
will be noticed that these people are not here 
as employees but are here as an extension of 
their own education. They are fellows. Some 
of them may eventually cease being fellows 
and become employees, but on the table 
shown there they are not members of the 
department. This is an educational program 
being conducted by the department for the 
mutual benefit of students and the 
department.

Senator Thompson: I would like to talk 
about external aid at some point, but I do not 
want to intrude on the others who are follow
ing up in this area.

The Chairman: I still have a few questions 
on personnel. I think we might stay on this 
for a while. Do you have any questions, Sena
tor Belisle, on that?

Senator Belisle: I had one on patents. On 
page 118 you said that a machine was devel
oped regarding root maggots.

A machine was developed for applying 
insecticide and crucifer seeds at precise 
levels in the soil and commercial models 
of the machine are now in use in the 
Maritime Provinces and Northeastern 
U.S.

Is this protected by patents?

Dr. Woodward: No, sir.

Senator Belisle: Where are the commercial 
models manufactured?

Mr. Williams: These particular ones?

Senator Belisle: Yes.

Mr. Williams: I am afraid I cannot answer 
that. Do you know, Dr. Woodward?

Dr. Woodward: No, I do not know.
Mr. Williams: They will be manufactured 

by some farm machinery manufacturer. We 
can get that information for you.

Dr. Skolko: The demands would be in such 
low numbers that it probably would not be on 
a commercial scale.
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Senator Belisle: Was market research car
ried out to assist in assessing the export 
potential? And what is the dollar total of its 
production; and the role of other departments 
in the same field?

Mr. Williams: We will have to obtain that 
information for you. We do not have it here.

Senator Grosart: Are you making enough 
money available in grants to universities— 
which total, I think, about three-quarters of a 
million dollars?

Mr. Woodward: $800,000.

Mr. Williams: Just over three-quarters of a 
million dollars.

Senator Grosart: Is this sufficient to attract 
scientists into this field? You seem to be hav
ing a problem. You say at page 49:

Factors other than supply shortage also 
affect our ability to attract high quality 
scientists. Insufficient financial reward 
and prospects of advancement are dis
couraging to scientists in government 
employ. Complex and restrictive adminis
trative regulations in government proce
dures detract from the freedom and pres
tige that scientists expect and receive in 
the university environment.

It is really so that the university environ
ment is more attractive to scientifically-mind
ed people than mission-oriented projects?

Dr. Skolko: If you look at the number of 
people who have left CDA to go to Canadian 
universities, there must be some attractions, 
and I suspect it is not only a salary 
consideration.

Senator Grosart: It would seem that on 
these projects you could give them all the 
freedom they wanted. I do not understand 
where there is lack of freedom or initiative or 
incentive for a creative scientist in the kind 
of mission-oriented projects you have and 
particularly the problem-oriented ones.

Dr. Woodward: Mr. Chairman, I think we 
have gone through periods when, for exam
ple, conditions in universities were better 
than the conditions in Government, and vice 
versa. Until we got our research scientist 
class and our maturity curve adjusted as of 
April 1, 1968, we really were not presenting 
the salary and career opportunities to our 
officers that they were receiving in the 
universities.

I think one other thing has contributed, 
and that is that the growth of our financial 
resources has hardly kept pace with the 
decreasing purchasing power of the dollar.

Senator Grosart: We all have that problem.

Dr. Woodward: And our officers in some 
places have had their salaries paid, but with 
respect to non-salary operating moneys they 
have had more attractive offers from univer
sities, where they get better financial support 
for the work they want to do.

I am not talking about just equipment and 
buildings; I am talking about supporting peo
ple. We may have a distinguished scientist 
and provide him, for example, with one tech
nician. That is all the support he may have. 
But, he knows that if he goes to a university 
he can attract three, four or five graduate 
students, and that he will have not only those 
three, four, or five youngsters pushing him— 
and, you know, they are at the age when they 
are really striving—but that he will have 
many more strings to his bow. So, I would 
say that the fact that a young man knows that 
he can go to the universities where he can 
persuade graduate students to work for him 
is a great attraction.

Senator Grosart: I am very well aware of 
the general recommendation of the Science 
Council that there should be less public 
money put into in-house government R&D 
than is now the case. The general recommen
dation seems to be that we are in an imbal
ance in favour of in-house R&D as against 
R&D in the universities and industry. I am 
not altogether convinced of that because, as 
my questioning has probably indicated, I am 
strongly of the opinion that the place to do 
research is somewhere as close as possible to 
the practical problem. I am not convinced 
that contracting out to a university is going to 
get you a one hundred per cent concentration 
on the mission. Would anybody care to com
ment on that?

Mr. Williams: Perhaps Dr. Migicovsky 
would comment on it.

Dr. Migicovsky: I think we have to look at 
it in several ways. A comparison between 
university and in-house government research 
has to be very carefully made. Many of the 
comparisons are invalid—

Senator Grosart: I am glad to hear you say 
that.
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Dr. Migicovsky: —because the university 
also has its responsibility to further educa
tion, and some people are more attracted to 
university life by, let us say, the status that a 
professorship gives them, or that living on 
campus gives them. They are more attracted 
to this than they are to working in the prag
matic atmosphere of a research station or 
institute, as the case may be. I do not agree 
with the Science Council that in-house 
research has to be reduced.

Senator Grosarl: Good.

Dr. Migicovsky: But, I do agree that we 
have to increase the activities at universities 
so that they will produce the type of people 
that in-house research requires. I do not 
know where they are going to get the neces
sary help in this except from government, 
but that does not say that you should 
decrease the amount of in-house research, 
because the problems we have to face in 
Canada are still there and will have to be 
solved by a combined effort of the kind of 
in-house research we do and the kind of 
research done by the universities.

The universities are not as well fitted to do 
the kind of research we do in-house, although 
we are hearing today a great deal of the 
research that is done at universities. In my 
opinion, there has to be this complementary 
activity.

The Chairman: Why did they move, then?

Dr. Migicovsky: You have to do it on an 
individual basis, and each man has his own 
reasons. He may for the moment be dis
satisfied with the kind of progress he is mak
ing in his research. His reputation may not be 
growing to the extent that he would like to 
see it grow. He might not like living in Leth
bridge or Swift Current, as the case may be, 
and when the opportunity arrives for him to 
move to Saskatoon or to London, or wherever 
the university is, his wife says: “This is much 
better. You will be known as a professor and 
you will live a better life.” This may be one 
of several reasons. I would say that the num
ber of people who have moved from Agricul
ture to the universities would have any one of 
a hundred different reasons for so doing. I do 
not think you can generalize.

The Chairman: I notice, for instance, that 
at my former university, Laval, a lot of peo
ple have left the department to move to the 
Faculty of Agriculture; about 10 or 12 I think.

Mr. Williams: That is correct, sir. I know 
there is a special situation. The Faculty of 
Agriculture had just been created and we 
were the only concern in Canada to supply 
the staff for the faculty.

Dr. Migicovsky: The research branch has 
often felt that one of its responsibilities to 
Canada is to provide excellent personnel for 
universities so that they can meet the stand
ards we require from them.

The Chairman: That was the main reason 
in this case.

Mr. Williams: It was a very special case at 
Laval, where they created a faculty and had 
to start it overnight, so to speak. When I say 
“overnight”, I mean that we certainly worked 
out a program with them for staffing it.

Senator Grosarl: Maybe you should start 
having your own titles and degrees!

Senator Belisle: Like O.E.C.

Mr. Williams: This is a very valid problem 
that you have raised. It concerns us very 
much. I suppose one of the major problems 
that we face in the research branch is having 
research out close to the problem on the basis 
of being able to keep the research worker 
close to the problem. Certainly the people we 
have to send on the Alaska Highway do not 
care to settle there for very long, or on some 
of our other outposts. It is a constant problem 
and we have to resolve the conflict between 
having the workers at the problem and insur
ing that we have excellent people doing the 
work and that they are happy and satisfied.

Senator Belisle: My question has been part
ly answered but I must disagree with the 
doctor, for one reason. I agree with the 
Science Council, I happen to be chairman of 
the board of a university and I would like to 
see more money in the universities.

The Chairman: You are prejudiced!

Senator Belisle: If you had more money 
available would you spend more because you 
are getting good co-operation from the uni
versities, or would you do it at home?

Dr. Migicovsky: I do not disagree with you. 
I agree that there should be more money in 
the universities. I do not think you should 
give money to the universities at the expense 
of the existing in-house research.

Senator Belisle: But would there not be a 
tendency for duplication?
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Dr. Migicovsky: No, there will be no tend
ency towards that at all. There is so much to 
be done and so few people to do it. We do not 
have to worry about duplication for anyway 
the next 50 years. The branch attempts to 
work as much as possible with universities. 
We encourage our people to take part in the 
university activity. Where we have stations 
near universities relations are excellent; our 
people are doing some teaching and there is a 
great deal of co-operative effort. It may not 
be formal but it goes on. Our policy is to 
increase and improve our relations with uni
versities on research, and even to do some 
teaching. Laval is a good case in point, where 
they are starting from scratch.

Mr. Williams: In further reply to the direct 
question, I would refer you to the table on 
page 86. It shows our grants from extra
mural research have increased from just $20,- 
000 some years ago to $145,000 and on page 89 
the funds allocated for our operating grants 
to the universities in the short time we have 
had those funds have doubled and this year, 
in the year to come at least, I believe our 
item is over $800,000, so they are pretty well 
tripled in four years. We have increased 
definitely.

Senator Grosart: I meant to ask you a ques
tion. What is the reason for the discrepancy 
over the years between the number of 
applications received and the funds request
ed? Are these applications from individuals 
or from universities?

Dr. Woodward: They are from individuals, 
sir.

Senator Grosart: Individuals requesting 
scholarships, bursaries and for specific 
research?

Mr. Williams: A grant for specific research 
proposals. This is not scholarships in the 
accepted sense of the word. This is a grant to 
do a specific piece of work.

Senator Grosart: For example in 1968-69 
you were able to respond favourably to not 
much more than a third; is that right?

Dr. Woodward: That is right.

Senator Grosart: What happens to the other 
projects?

Mr. Williams: Better than half, sir. I meant 
the number of applications. We had 229 
applications and we supported 424 projects.

Senator Grosart: I was thinking in terms of 
dollars. What happens to the other people you 
turn down and the other projects?

Mr. Migicovsky: The national Research 
Council admit they feel they support agricul
tural research to the tune of approximately $2 
million. It is how they break that down. It 
could be argued as to whether it is agricul
tural or whether it is biology. Let us assume 
this figure is correct. This is the figure they 
use. This money goes to the people who apply 
for that part of the $2 million.

The Chairman: We really have there two 
more or less competing for complementary 
programs.

Mr. Williams: We have people sitting on 
the NRC.

Mr. Migicovsky: Sitting also on the 
Agricultural Committee.

The Chairman: Would they normally go to 
your department first rather than NRC?

Mr. Migicovsky: Not necessarily. Some go to 
the NRC first and come to us both for differ
ent parts of projects, the same person. It is 
complementary.

Mr. Williams: I think I should make it 
clear in general, one of the major criteria we 
use in making these operating grants is that 
the work there is to be directly related to 
some work we are doing or should supple
ment or complement that work or else the 
worker is in a field where we feel that we 
need additional workers.

Senator Grosart: I understand that some
thing like 70 per cent of your Ph.D.’s are 
educated outside of Canada. Do you have a 
problem of a lack of Canadian experience 
here? Does it matter where a man takes his 
Ph.D. if he is going to work in agriculture in 
Canada?

Mr. Migicovsky: It is not very serious.

Mr. Williams: I am speaking, not as an 
ex-member of the research branch, but as 
Deputy Minister at the moment. I think it is a 
problem that is growing, not so much where 
he got his Ph.D., but each succeeding year 
our people seem to be a little further from 
the farm and it is a question of understanding 
farm problems. For example, I think we have 
a problem where we have the hire people 
who come from countries where their agricul
ture is very different from ours. I think there
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is a lack of empathy, a lack of understanding 
and a lack of communication sometimes with 
that fellow and our farm and our farmers’ 
problem. I think it is a bit of a growing 
problem, the question of motivating, shall I 
say, Canadian farm boys to go to higher edu
cation in the area of agricultural research.

Senator Grosart: What attracts these 
foreign Ph.D.’s to Canada?

Mr. Williams: Educational opportunities, I 
would say, is probably the biggest thing.

Dr. Migicovsky: Career opportunities.

Mr. Williams: Yes, career opportunities. I 
am sorry—I said educational opportunities.

The Chairman: You acquire foreigners, let 
us say, and you feed the universities.

Senator Grosart: You are running a sort of 
pre-post-graduate school.

Dr. Migicovsky: In some respects, yes. 
What we would like to see is more Ph.D.’s 
turned out by Canadian universities who will 
come to us. I think this is happening now, 
with the very recent growth of faculties of 
agriculture throughout Canada. They are 
turning out more Ph.D.’s and therefore we 
will be able to get our share, I sincerely hope. 
Also, the departments of biology in various 
universities are turning out people who are 
beginning to turn to mission oriented organi
zations, because this has come into vogue 
very recently. A number of years ago a man 
who worked in very erudite pure research 
was a man who was at the top of the totem 
pole. Today, society is looking at it differently 
and the man thinking in terms of applying 
research and looking at it from that point of 
view is rising on his totem pole. The general 
feeling throughout the country is changing in 
this regard, so we will benefit from it.

Senator Belisle: Is there a difference 
throughout the country, according to the civil 
service scale, is there a difference between 
Ph.D.’s working for you and Ph.D.’s working 
for the Department of Education or 
Agriculture.

Mr. Williams: This is a see-saw. Our salar
ies go up and we find they are followed by a 
change in professorial salaries at universities.

Senator Belisle: My question is, is there a 
difference in the Government...

Mr. Williams: Not in the federal Govern
ment, but between the Department of Educa
tion and the federal Government, because the 
departments of education are provincial.

Senator Belisle: That was my question— 
within the federal Government it is all the 
same?

Mr. Williams: You could always get argu
ments as to whether or not in some depart
ments the salaries are as high as ours. The 
same salaries apply across the country in re
spect of agricultural research officers, but we 
are almost the sole employers.

Senator Grosart: But this would not mean 
that every Ph.D. gets the same salary.

Mr. Williams: No, quite the opposite.

Senator Grosart: That is it.

The Chairman: Studies have been made in 
the United States tending to show that in 
general and this is a general proposition, the 
Ph.D. people tend to be perhaps less interest
ed in the innovation process than in the M.A. 
or those who have the Bachelor degree. Do 
you find this in your field? Do they tend to be 
more attracted by pure science or fundamen
tal science and to be rather disinterested 
about. ..

Mr. Williams: I think you are asking a mat
ter of opinion and my opinion would be “no” 
but I would like other people to answer the 
question also.

Dr. Woodward: My opinion would be “no” 
because we associate our people in our mis
sion-oriented program with the problems and 
I am sure that they are as much interested in 
innovations and in getting their findings into 
use in Ph.D.’s as in Bachelor’s or Master’s 
degree. On the average, the Ph.D.’s work 
from a broader base and on the average their 
contributions exceed those of the others.

The Chairman: From a broader base or 
from a more specialized base?

Dr. Woodward: They have more tools in 
the bag.

Senator Grosart: There was an MIT study 
recently which seemed to show that Ph.D.’s 
were not too effective in technological 
innovation...

The Chairman: Or not too interested.
Senator Grosart: ... compared to the B.Sc. 

and M.Sc. That is a broad generality.
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Dr. Woodward: For example, at our Sum- 
merland research station we have developed 
approximately 90 new products that have 
gone into use in the fruit industry in the 
Okanagan Valley, and these products have 
come from a team of Ph.D.’s, bachelors and 
technicians. Certainly, they have been under 
the leadership of Ph.D.’s.

Dr. Migicovsky: Generalizations are very 
dangerous.

Senator Grosart: I agree, but it comes back 
to the point I was making earlier about the 
bridge between the discovery and solution of 
a problem and its move into some kind of 
technological effectiveness.

Dr. Woodward: I might give one example, 
sir. Dr. Keith Downey of Saskatoon received 
from the Public Service Commission the high
est level of merit award of anyone in our 
department.

Mr. Williams: It is the highest that has 
been given: $2,500.

Dr. Woodward: He developed much of the 
research, and went right through the develop
mental stage of the development of the rape- 
seed industry in western Canada.

The Chairman: Dr. Woodward, do you 
think that your research operation as such 
could be better organized, more flexible, and 
more efficient than it is, if it were to operate 
outside the authority of the Public Service 
Commission?

Dr. Woodward: I think it would be 
extremely difficult, sir, to conduct a mission- 
oriented program outside the segis of the 
department which is responsible for the 
agricultural policy and programs.

The Chairman: Take the Defence Research 
Board. They are mission-oriented too and 
they are directly related to the Department of 
National Defence. But they have a different 
status, and with that different status they 
have more flexibility for purposes of recruit
ment and other things. I see here, for 
instance, and again on page 2 where you list 
your grievances, that the demands of infor
mational services and other investigations 
pre-empt more important research programs. 
As you are just a branch in a department, I 
am sure that the deputy minister can call you 
on the phone and say “Give up this important 
research; it is long-term; I have a big prob
lem for today.”

29370—4

Mr. Williams: You attribute to me, sir, that 
which I do not possess.

The Chairman: I thought deputy ministers 
were all-powerful.

Dr. Woodward: We have to consider here 
that the federal Government needs a source 
of expertise. The Department of Agriculture 
does. I do not think you can maintain experts 
unless you have some involvement in 
research. For example, it is our research peo
ple who know where the frontiers of knowl
edge are; they know what is going on around 
the world. Unless you have some research 
yourself you cannot transplant advances in 
other parts of the world into your own coun
try so that—and I know this is not answering 
your question about the Public Service Com
mission—but if you had asked me this ques
tion a few years ago I would have probably 
said “Yes”. We would have more flexibility 
because we would be able, perhaps, to make 
better use of the merit system in promotion 
and in employment of people and also that it 
would be easier to keep salaries modern and 
relevant to the economy. But we have now 
our interdepartmental research scientist class. 
I think we now have an excellent class under 
the Public Service Commission and we have 
the tools to keep the salary scales modern and 
we will have more tools when collective bar
gaining comes in. Also this class is based 
strictly on the merit system so that as far as 
our research scientists themselves go I think 
we will be able to accommodate them very 
well under the Public Service Commission.

Mr. Williams: If I might add a word there 
which, while it is not relevant, is partially 
relevant—I would think it would be extremely 
difficult to operate the Department of 
Agriculture without supporting research and 
direct involvement of supporting research 
people. I realize co-operative plans can be 
developed in some areas. Perhaps I can best 
illustrate this by something that is going to 
happen as of the 1st of January. We have 
been responsible in the Department of 
Agriculture for the grading of agricultural 
products. In the hog industry we are starting 
to face problems based on the grading system 
we used for evaluating hog carcasses. Compe
tition was increasing from the United States. 
We were having some trouble with our 
markets, and it was felt we should have a com
plete review and reappraisal of our hog grad
ing system. Our people who have the régula-
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tory responsibility, which is the other side of 
the department, worked very closely with the 
Research Branch, and the Research Branch 
devoted resources to it, and they undertook 
very basic research work—“basic,” in the dic
tionary sense of the word—to investigate the 
relationship between various external charac
teristics of hog carcasses and the overall qual
ity of the hog carcasses in terms of consumer 
acceptability and desirability in terms of the 
market.

As a result of this research, that has been 
published and so forth, we have now devel
oped a completely new approach to hog 
grading, probably the most advanced in the 
world, which will go into effect on the 1st 
January, and I think we would have had 
great difficulty doing it had not the control of 
the research agency and the regulatory agen
cy been under one body, so they could be put 
to work together with great facility and 
rapidity.

The Chairman: They do not seem to have 
any problems in the Department of National 
Defence from that point of view.

Mr. Williams: I cannot speak about that, 
because I do not know their problems.

The Chairman: How are you going to solve 
the grievance you have outlined in the brief, 
the demands of the informational services 
tending to override your research activities?

Dr. Woodward: I think this is perhaps 
related to the priority a research worker puts 
on his time as compared to the priority the 
department puts on his expertise. This is a 
debatable question, and it would vary from 
case to case, but you must have a source of 
expertise in the department, and the greater 
the expertise the more a man is going to be 
consulted. This is perhaps unfortunate from 
the research standpoint, but it is a fact of life 
that the only person not consulted is the per
son who has not anything to give out.

The Chairman: So it is not really a griev
ance which is expressed here.

Dr. Woodward: This affects the productivi
ty of our research scientist as compared to 
that of a research scientist who is quite free 
from any departmental responsibilities. I 
think that is what Dr. Skolko’s committee was 
getting at.

Dr. Skolko: I think the disadvantage of 
having this extension of responsibility would 
be automatically taken care of if the provin
cial department, which has primary responsi
bility, were to assume its responsibility, free
ing our people for research; and this is one of 
the recommendations contained in the report. 
At the present time we are performing, in 
effect, a double function; and research, being 
our primary function, is interfered with.

The Chairman: It is not with the other arm 
of the department you have problems?

Dr. Skolko: No. This may apply in certain 
areas where, for example, the economist is 
continually under stress from the department 
to gather information, which detracts from 
the time available to him for his research 
function.

Dr. Purnell: This problem is relevant to the 
Economics Branch, which has dual functions. 
One is to assist in the policy advisory area; 
and the other, to carry out research to pro
vide a sound information base from which 
this service can be carried out, and also to 
carry out inter-disciplinary research work, as 
was discussed previously today. But when 
you have demands for service and advisory 
assistance on urgent problems of the day, the 
research, which is on-going, can generally be 
set aside and tends to suffer.

The Chairman: I suppose this is more true 
of the Economics Branch than the Research 
Branch?

Mr. Williams: Much more true, I would 
say, sir, but I was going to say that it sounds 
as though everything I am saying means that 
we have a solution just over the hill some
where. I do not think that is quite correct, 
but our approach at the present time is, that 
our Dr. Purnell, who has recently come to the 
department, is reorganizing our Economics 
Branch, and is trying to assign certain people 
who have certain skills to a research section 
where they will be immune from the day-to- 
day demands of the department. Whether that 
is possible depends upon the demands made 
by the Government, and it remains to be 
seen, but I hope that that will solve in part 
the problem that Dr. Purnell has enunciated.
It is a real problem. It is a real problem to 
have to say to the Government: “Well, that 
fellow is working on a research problem, and 
we cannot tell you what you should be doing 
about wheat policy or wheat statistics now.” f.
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The tendency is to solve the immediate prob
lem, and leave the longer term problems for 
solution at a later date. However, we do hope 
to meet it in that way.

Dr. Purnell: The idea is that we should 
insulate, rather than isolate, the research peo
ple from our service work, because research 
and service are interrelated.

The Chairman: How many people do you 
have in the Economic Research Branch?

Dr. Purnell: We have 126 individuals, but 
75 of those are professional agricultural 
economists.

Mr. Williams: That is both research and 
service. We do not have an economics 

i research branch per se. It is in the overall 
service.

Dr. Purnell: This includes headquarters and 
field officers as well.

Dr. Woodward: I think that this is an indi- 
I cation of the great demand for agricultural 

expertise, and the problem is one that all 
bodies are faced with, that of equating the 
important against the urgent.

The Chairman: Probably there are more 
people there than there are in the Depart
ment of Finance preparing the budget.

Senator Grosart: The question is which is 
more important—the Government or the 
farmer.

The Chairman: Senator Thompson?

Senator Thompson: I was given some 
material by our secretariat, of which I read 
some over the weekend. I read the report of 
the President’s Science Advisory Committee 
entitled “The World Food Problem”, at the 
end of which is a quotation that I should like 
to read:

... and he gave it for his opinion, that 
whoever could make two ears of corn, or 
two blades of grass, to grow upon a spot 
of ground where only one grew before, 
would deserve better of mankind, and do 
more essential service to his country, 
than the whole race of politicians put 
together.

That is taken from Gulliver’s Travels by 
Jonathan Swift.

I do not want to elaborate on the statistics 
: concerning the world’s food problems because 

I am sure you are well acquainted with them,

but as I understand it we have pretty nearly 
exhausted the supply of open farmland, and 
there is the terrible threat of a rising popula
tion—the Malthus theory that was mentioned 
before—and as a layman I thought that this 
very complex problem could be answered by 
looking at the matter of distribution. I read 
with interest about the work being done on 
fish flour, various oils, and so on, in order to 
increase the food supply. I realize that it is a 
very long term proposition, and one that 
requires almost personal incentives to 
individual farmers in these countries. You 
have to encompass a great variety of social, 
cultural, economic and political implications 
in order to get anywhere. Yet, obviously, this 
is something we have got to do immediately, 
and something we have to work at, because 
we are behind on the whole situation.

Then, I read your report. I appreciate that 
we are trying to answer questions we are 
interested in, but in your report I saw that 
you had representatives in various countries, 
and then I saw it mentioned that you are 
thinking of sending a team of specialists, 
rather than individuals, over to the under
developed countries. I notice in The World 
Food Problem it says that a tour of one and a 
half to two years by specialists left a perma
nent mark of culture that has been evolving. 
I wonder if you could tell us what we are 
doing in research in this area. There are such 
subjects as temperate and tropical technology. 
It says that Canada, in giving surplus wheat, 
is really endangering, crippling or weakening 
the farmers of these underdeveloped coun
tries from moving on themselves. What is 
being done in this area?

Mr. Williams: I think it would take more 
time that we have available to outline in any 
detail our total effort here. We have a major 
effort in this field in the Department of 
Agriculture through the Bureau of Develop
mental Aid, which was formerly the External 
Aid Office. We are doing two things. First, we 
have a continuing program of endeavouring 
to train people from these countries within 
our own organization. Secondly, we have a 
program under which we send people to these 
countries.

In general, we do not send people to these 
countries to instruct the producers. We send 
them for one of two reasons. We send teams 
who set about solving technical problems, 
which may be the development of a disease- 
resistant variety suited to the area. We might

29370—4}
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send a technical team to assist in developing 
in a program for the beter storage and pres
ervation of their resources. The teams and 
people we have sent out cover the whole 
gamut.

In general, I think we must agree with the 
statement to which you just referred—other 
than the reflection on politicians, sir!—that to 
send people, or a team of specialists, to talk 
to the farmers and try to persuade them to 
change their ways is pretty well a useless 
procedure. We try to emphasize the basic 
approach of sending people to help improve 
their problem-solving capabilities. I do not 
know whether you would like me to expand 
on that. Those are the two approaches. This is 
outside our food aid program, which is ori
ented towards supplying what the country 
does want.

One of our major projects is through the 
World Food Program, and it is basically proj
ect oriented; the food is used as an ingredi
ent of a project; that is to say, the food goes 
to people who are building a road or a school, 
or it may go for resale to provide funds. We 
indicate to the World Food Program what 
type of food and in what quantities we might 
be prepared to supply, and they in essence 
draw against this sort of cupboard or food 
basket that we provide. We do not send our 
food indiscriminately. It is based on the needs 
and requests of the country concerned.

Senator Belisle: Also in co-operation with 
the United Nations Food Fund.

Mr. Williams: With the world food program 
which is under the food and agricultural 
branch of the United Nations.

Senator Thompson: I have a lot of 
questions.

The Chairman: I think, in view of the fact 
that several members of the committee could 
not attend today because of the meeting of the 
Finance Committee, which was especially 
important today, we will adjourn. If you 
allow me, sir, our staff will communicate 
with you again to find another mutually con
venient date so that we can meet again. You 
have spent a lot of time in preparing this 
material and we would like to go over it as 
thoroughly as we can ourselves.

Mr. Williams: We are at your call, sir, and 
will work it out with your staff.

The Chairman: In the meanwhile I want, 
on behalf of the members of the committee, 
to express our thanks to you and to all the 
others and your colleagues who have been so 
patient with us.

Mr. Williams: Thank you.

Hon. Senators: Hear, hear.

The committee adjourned.
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SUMMARY

1. Agriculture is the most important primary industry in Canada. It employs 

over a half million people at the farm level. Farm products are valued at 

$4.4 billion. Canada exports almost a third of its agricultural produce or 

an average of 18% of total exports.

2. A large part of the increased productivity of Canadian agriculture, estimated 

at 5.5% per year, can be attributed to the substantial public investment in 

research.

3. In 1966, Canadian agricultural R 5 D represented 1.9% of Gross Farm Product 

compared with 1.33% for total R § D of Gross National Product.

4. In Canada, industry participation is estimated at about 10% of the agricul

tural research effort and the federal share at about 65%. In contrast, in 

the U.S., industry supports about 54% of the agricultural research while 

the federal share is about 20%. University and provincial (state) share is 

about the same in both countries, about one-quarter of the total.

5. In the Canada Department of Agriculture there are five units responsible 

for scientific activities : Research Branch, Economics Branch, Animal 

Pathology Division, Grain Research Laboratory, and Library.

6. The Canadian Agricultural Services Coordinating Committee is comprised of 

representatives from all provincial departments of agriculture, all uni

versity agricultural and veterinary medicine faculties, and representatives 

of the federal department of agriculture, as well as provincial research 

organizations and other federal departments. CASCC serves as the coordinat

ing body for agricultural research in Canada and reports to the federal 

Minister of Agriculture.

7. CDA derives its statutory functions and powers with respect to scientific 

activities from four Acts : The British North America Act; The Department 

of Agriculture Act (1868); The Experiment Farm Stations Act (1886); The 

Canada Grain Act (1930).

8. The Department's policy on scientific activities which has evolved under its 

broad statutory authority may be defined as follows:

To keep its scientific activities 'mission- or problem-oriented' but 

broadly founded on basic, applied and developmental research.

To carry out the bulk of the program as in-house research, supplemented

by extramural contracts.
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To direct its research activities to the solution of problems of the 

primary industry (farm problems).

To cooperate with other federal and provincial agencies and universities 

in research where the Department has joint interest.

To withdraw our research effort on local problems as appropriate local 

agencies are able to assume responsibility and increase attention to national 

and international long-term research.

To provide leadership in the development of a balanced, coordinated 

program of agricultural science in Canada.

9. CDA maintains research relationships with several federal agencies, includ

ing the National Research Council, the Department of Forestry and Rural 

Development, the Atlantic Development Board, the Department of Trade and 

Commerce, the Dominion Bureau of Statistics, the Department of Transport, 

and the Canadian Transport Commission; with industry, universities, arid 

provincial agencies; with the Agricultural Economics Research Council.

10. In addition to a continuing internal review of operational effectiveness, 

three external investigations have been commissioned: Price Waterhouse and 

Co. Ltd. (1963-64), Peat, Marwick, Mitchell and Co. (1966), and an 

Agricultural Task Force (1967).

11. The major hindrances to more effective performance stem from a) lack of a 

more precise definition of responsibility, b) the demands of informational 

services and ad hoc investigations which pre-empt more important research 

programs, c) shortage of trained staff in certain special areas, d) in

adequate financial reward for outstanding research performance,e) inadequate 

laboratory space and equipment, f) inflexibility in staff transfer to meet 

changing program requirements, and g) budgetary fluctuations which interfere 

with long range planning.

12. No major organizational changes are forecast, but improvement in inter

disciplinary research , methods of program evaluation, consolidation of 

establishments, and university cooperation, are anticinated. Increased 

commitments for research in. Quebec, for animal research, for farm manage

ment research, and for external aid are projected.

13. Recruitment of research staff is effected through the Public Service Com

mission but personal participation by CDA research staff through university 

contacts is of major importance.
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14. Selection of research administrators is normally made by promotion of research 

scientists within the department. Remuneration for research administrators 

and research scientists is approximately equal.

15. Comprehensive intramural training programs are available for managerial and 

supervisory staff. Extramural academic training through educational leave 

programs is provided.

16. A large part of CDA research program is concerned with regional problems ;

62% of operating funds are expended on regional research, 38% on national 

programs. On a geographic basis, operating funds are distributed as follows: 

Atlantic Provinces 10%, Quebec and Ontario 15.8%, Prairie Provinces 27%, 

British Columbia 8.9%, Territories 0.3%. Of a total of 68 establishments,

52 are primarily concerned with regional research. On a geographic basis 

these are distributed as follows: Atlantic Provinces 8, Quebec 8, Ontario 9, 

Prairie Provinces 17, British Columbia 8, Territories 2. The regional 

programs and contributions to regional development are indicated in 

Sections 2.l.c, 2.9.1, and 2.8.

17. Of a total departmental personnel strength of 9,506, 3,948 or 41.5% are 

engaged in 'scientific activities'. Of the total number of positions 

allocated to scientific activities, 26% are for scientific and professional 

staff, i.e. three support staff for each scientific and professional staff 

member.

18. For the past 7 years, an annual average of 18 postdoctoral fellows have 

been accommodated in CDA establishments.

19. Of 1208 professional staff members, 70% are of Canadian birth.

Of the professional staff, 46% hold doctorate degrees, 23% masters degrees, 

and 31% bachelors degrees. Of those with doctorate degrees, 30% obtained 

their degrees from Canadian universities; 43% from U.S. universities. Of 

those with masters degrees, 66% obtained their degrees from Canadian 

universities, 17% from U.S. universities. Of the currently employed Ph.D's, 

39% are of foreign birth.

20. While records are incomplete, only about 13% of professional staff are known 

to be bilingually effective.

21. In the 5-year period, 1963-68, there has been an increase in professional 

staff of about 15%. The average separation rate for doctorate and master 

staff is about 6% but for bachelors about 12%.

22. During the current year there arc 25 professional staff members on educa

tional leave, 20 of these candidates for the doctorate degree.
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23. University students are employed during the summer as student assistants. 

About 180 are employed each year but others are also employed in seasonal 

positions.

24. Total expenditure on scientific activities has increased from $30 million 

in 1962-63 to $44.6 million in 1967-68. The break-down of expenditures is 

given by function and by unit.

25. The cost of educational leave of staff has increased from $42,100 in 1962-63 

to $173,400 in 1968-69. The number of staff members on educational leave 

has remained at 20 to 25.

26. The 'Project System* currently in use in the Research Branch for selection, 

initiation and monitoring of projects is described and the manner in which 

program areas are reviewed is indicated. A similar statement*'of procedures 

in the Economics Branch is presented.

27. The inadequacy of current program and project priority determinations is 

recognized and attempts are being made to adopt more sophisticated techniques 

in place of the subjective assessments presently used.

28. Contractual arrangements, in support of intramural programs and for the 

development of research in areas where research cannot be undertaken and

is urgently required, are provided by CDA with non-federal agencies through 

the 'Extramural Research Contract Grants' plan. In the last five years the 

total amount of these contracts has been maintained at about $145,000 and 

the number of contracts has varied from 22 to 36. Most contracts are made 

with Canadian universities.

29. Commencing in 1966, a series of nine contracts have been arranged in connec

tion with the development of the Canadian Farm Management Data System 

(CANFARM).

30. In order to increase the volume of high quality agricultural research in 

Canadian universities and increase the number of well-trained agricultural 

scientists, CDA initiated in 1966 an Operating Grants program to complement 

the NRC grants program. In the three years that the CDA Operating Grants 

program has been in effect, the total amount of the grants has increased 

from $304,000 to $650,000 and the number of grants has increased from 71 to 

144. The program is intended to promote an optimum balance of research be

tween governmental and university agencies.
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31. Changes in programs, whether in response to changing technical environment 

or to normal extension of existing programs, or to the appearance of new 

problems, are considered in the light of individual circumstances insofar 

as the allocation of facilities of commitment of staff are concerned. The 

difficulties imposed by these sudden changes derive from the necessity of 

operating within fixed financial resources but principally from the need of 

recruitment of specialist staff or resistance to relocation of existing 

staff.

32. The transfer of research results to other research scientists, and to those 

technically trained persons whose responsibility is in the interpretation 

and extension to the ultimate user, is principally through publication in 

scientific journals. While primary responsibility for extension rests with 

the provincial authority, CDA recognizes the need for performing this 

function where it is not fulfilled.

In the transfer of information to other agencies and to the general 

public, CDA Information Division employs 36 information specialists and is 

expending over one million dollars in the current fiscal year. The media 

employed include radio, television, farm press, daily press, periodical 

and non-periodical publications, and exhibits.

33. CDA does not usually patent the results of its research unless it is in the 

interest of the farming population it serves. New varieties of crop 

species are, however, licensed primarily to protect growers and provide 

stability in grades and markets. Breeders' rights are not maintained in 

Canada since most new varieties are the product of governmental or 

university research. CDA research has produced over 150 new varieties 

within the last 10 years, many of "hem responsible for greatly increased 

monetary returns to the agricultural economy.

34. A measure of the output of the CDA research effort may be obtained from 

the number of journal publications produced by its staff. In the last 5 

years over 800 scientific publications and over 360 miscellaneous publica

tions per year have appeared. In addition, special reports covering 

research activities are prepared for the information of other research 

agencies and for industry.

35. CDA scientists participate in national and international conferences and 

their contributions are widely recognized.
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36. CDA provides a means of transfer of foreign scientific information through 

scientific publication by staff members, through review papers and in-house 

periodicals, through information offices, through its library facilities, 

and through participation and support of the Commonwealth Agricultural 

Bureaux abstracting journals.

37. Former employees of CDA have attained prominence in governmental and in

dustrial positions. But undoubtedly they have made their greatest con

tribution in university research and teaching. There are 95 former CDA 

staff members on the faculties of Canadian universities alone at the 

present time.

38. Research teams have been developed in a number of important areas. Of 

those listed, most have been functioning for longer than 5 years and have 

established international reputations.

39. Examples of CDA research contributions to the advancement of scientific 

knowledge and to Canadian economic development are numerous. Selected 

examples are presented.

40. The list of research projects for 1968 is appended and shows the following 

numbers of projects: Research Branch 1,417; Animal Pathology 119; 

Economics 71; Grain Research 34. Projects are number coded to show 

program areas.

41. Examples of outstanding research accomplishments are cited to illustrate 

how coordination of the program has contributed to their success.
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RÜCOMMLMMTIONS

1. Because there are several agencies (federal, provincial, university 

and industry) engaged in agricultural research;

because each agency has a different primary objective; 

because of the continually changing problems and the type and magnitude 

of the research activities conducted by each of these agencies; 

because of the danger of undesirable duplication or neglect of 

important areas of research;

the need of a central mechanism, representative of agencies, disciplines,

and geographic areas, is a fundamental requirement for coordination of

agricultural research and development, education and extension.

The Canadian Agricultural Services Coordinating Committee, as 

presently constituted, is capable of meeting this requirement. A more 

detailed statement of its responsibilities and a more active program to 

meet these responsibilities are needed. Clarification of CASCC respon

sibility in the agricultural sphere relative to that of the Science 

Council is also required.

2. Agriculture is a rapidly changing industry, confronted with an increasing 

demand for research and development. Increased staff will be required 

with sophistication of equipment and facilities comparable to that in other 

research areas. Because of the many regional research problems, the 

number of different crops produced, the multiplicity of disciplines that 

must contribute, agricultural research may be expected to have a greater 

requirement for resources relative to the industry’s output than other 

industries, a commitment that will, nevertheless, have to be justified

on a cost-benefit basis.

While only a nominal growth rate of about 3% is suggested for the 

Canada Department of Agriculture, an immediate increase in university 

research funding is required for the training of agricultural scientists 

to meet both current and future needs.

If provincial departments of agriculture arc to assume full respon

sibility for extension, a considerable increase in funds will have to be 

assigned.

Dependence by input and output industries on government and 

university research and on research performed outside Canada should
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not be encouraged. Incentives and assistance should be provided to 

increase the industrial intramural research effort.

3. Selected university centres of specialization should be designated and 

supported to avoid the over-diversification manifest in Canadian uni

versities today. Special attention should be given to universities in 

the Province of Quebec in order to increase the supply of trained scien

tists capable of communicating in the French language.

4. Universities must be encouraged to make greater use of our scientists 

and facilities in research education beyond the graduate level.

In addition, early selection and support of promising Canadian 

students and increased opportunity for their participation in CDA 

research programs would improve the fit and calibre of recruits to 

meet staffing requirements.

5. As the programs of the provincial governments mature, emphasis by the 

Canada Department must be on supporting rather than usurping or dupli

cating efforts in research, development and extension. There should be 

a concomitant freeing of federal resources for attack on broad regional 

and national problems.

6. Further regional centralization must be equated with departmental 

requirements for expertise in agriculture, opportunity for awareness 

by scientists of present or potential problems and needs, and the

7. importance of ensuring that the efforts of scientists are forcused on 

problems of the Canadian agricultural industry.

Greater effort must be made to convince the farming industry of the 

economic advantages of adopting inovations provided by research.

This can best be achieved by actual commercial pilot demonstration 

in which the farmer and government participate jointly.
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Introduction

1. Importance of Agriculture in the Canadian Economy

Agriculture is the most important primary industry in Canada. It 

provides employment, at the farm level, for approximately half a million 

people. This is about three times as many persons as are employed by all 

other primary industries combined. An additional 300,000 persons are 

employed by manufacturing industries using products produced by Canadian 

farms.

The total value of farm products sold in 1967 was $4.4 billion. The 

agricultural industry also contributed to the national economy by purchasing 

goods and services valued at $2.6 billion in 1967, thus providing jobs 

for many additional workers. A further indication of the importance of the 

agricultural industry is its ability to earn foreign exchange. From 1963-67 

an average of 18 per cent of total exports were agricultural products. While 

total exports exceeded total imports by only $191 million during this same 

period, agricultural exports exceeded agricultural imports by $563 million.

Mad it not been for the productive ability of Canada's 400,000 farms the 

balance of payments would have been negative. On average about one-third 

of our agricultural produce is exported.

The number of people directly employed in the production of food and 

the number of farms has been decreasing while at the same time the physical 

volume of agricultural production has increased. From 1946 to 1966 the farm 

labor force declined from 1,186,000 to 543,000 persons. During the same 

period production increased 74 per cent. Agriculture is a growing industry 

in terms of total production, investment, and output per man hour. It is 

declining in terms of the number of people employed and its share of the gross 

national product. In other words, despite the growth of the agricultural 

industry it is not growing as rapidly as a number of the secondary industries.

Agricultural research has traditionally been supported by public funds 

because the structure of the agricultural industry is characterized by a very 

large number of relatively small units. In 1966, the average investment in 

land, buildings, machinery and livestock was only $44,307 per farm. The vast 

majority of the 430,522 farmers enumerated that year did not have a hired man.

Farmers are individually incapable of undertaking or financing scientific 

research. Collectively they have accomplished little because their efforts 

have been directed toward the establishment of more orderly markets and higher

29370—5
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prices. There is limited incentive for farmers or other individuals to 

undertake agricultural research because most improved tillage practices, 

breeding programs and management practices cannot be patented. Thus, there 

is little reward to be gained for attempting to find improved techniques.

The only institutions interested in financing sophisticated research 

have been universities and government departments. Some research, particu

larly that related to mechanization and pesticides, has been financed by 

private companies. Although commercial enterprises will continue to contri

bute to the body of agricultural technology, Canadians would be shortsighted 

to depend upon them. Since most of these companies are foreign owned, their 

researchers will tend to conduct most research in the parent country and the 

benefits will be provided to Canadian farmers at a cost determined by the 

incentive for profits.

Past investments in agricultural research have proven profitable. The 

Economic Council of Canada estimates that agricultural labor productivity is 

increasing at the rate of 5.5 per cent per year. It attributes 36 per cent 

of this increased productivity to the decreased number of farmers, 31 per 

cent to improved capital and material inputs and the remaining 33 per cent 

to all other changes. Thus, most of the increased productivity of Canadian 

agriculture can be traced directly to the application of improved machinery, 

new varieties, high analysis fertilizers, crossbred livestock, improved 

feeding programs, and modern farm management practices. The increased 

productivity of Canadian farmers would not have been possible had it not 

been for a substantial public investment in research. For example, in 

1941, the average poultry flock produced 140 eggs per layer, the average 

dairy cow could produce 3,750 pounds of milk and it took 6 pounds of feed to 

produce a pound of poultry meat. Today the average hen produces 200 eggs, 

the average dairy cow gives 6,500 pounds of milk and a broiler eats only 2 

pounds of food while gaining one pound weight.

Despite gains in productivity Canadian farmers are still not as produc

tive as their American counterparts. The Economic Council of Canada believes 

Canadian farmers produce on the average 25 per cent less than U.S. farmers.

It attributes much of this difference in productivity to differences in yield 

technology in both crop and livestock production. Labour productivity in the 

United States has gained more and reached a higher level as a result of more 

intensive application of yield technology rather than more rapid advances in
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mechanization. One of the reasons for the higher productivity of American 

farmers is the greater emphasis on maximizing the adoption of innovations. 

Research results cannot increase the productivity of Canadian farmers unless 

they are applied. Social research is needed as well as physical research.

It is in the nation’s interest for Canadian farmers to increase their 

productivity. More efficient farmers will continue to produce relatively 

inexpensive food for domestic consumption and be able to compete in world 

markets. All Canadians benefit from the development and application of 

improved agricultural technology.

2. Expenditure on Agricultural Research in Canada

"Government spokesmen on scientific matters are often asked about 

the most appropriate scale of total national spending on science and 
technology"^

" .... the criterion most frequently used in assessing total 

national spending is probably that of international comparison, leading 

perhaps to a political decision that a higher target for science 

spending is necessary if the nation is to achieve its proper place in 

the international "league-table". This approach can be justified up to 

a point, particularly if it stimulates genuine laggards to a more 

vigorous effort. But certain conditions must be observed, if this 

"league-table" approach is not to produce its own dangers" —

"... as we have seen, political commitment in the defence, space 

and nuclear fields can have a very important influence on the level and 

distribution of total national expenditure on R and D. Thus, when there 

are national differences in such political commitments, there is little 

point in making international comparisons of gross national expenditure 

on R and D. It is necessary to break down aggregate figures into such 

categories as industrial research, agricultural research, military and 

space research, and university research. Within these more homogeneous 
categories, international comparisons can have some useful purposes".—^ 

Unfortunately, good international comparisons of R f, I) in agricultural 

science are not available. Statistical tables issued by the OECD are blank

— Government and Allocation of Resources to Science, Organization for 
Economic Co-operation and Development, Paris, 1966, p. 50.

29370—51
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2/in most of the critical places.— It is, however, possible to compare Canadian 
agricultural R Ç D expenditures with Gross Farm Product.—^ For 1966, GFP was 

$3,182 million. Total agricultural R 5 D is estimated at $60.9 million or 1.9% 

of GFP. This compares with an estimated 1.33% for total R § D of GNP.
4/

3. Research in the Canada Department of Agriculture —

In 1886 the Experimental Farm Stations Act laid the groundwork for the 

Experimental Farms organization which during the following SO years expanded 

at a steadily increasing rate.

In 1937, reorganization of the Department set up four Services :

Science Service, Experimental Farm Service, Production Service and Marketing 

Service.

Science Service comprised 5 research divisions: Entomology, Botany and 

Plant Pathology, Chemistry, Bacteriology and Dairy Research, and Animal 

Pathology.

Experimental Farm Service comprised 10 research divisions: Horticulture, 

Cereals, Forage Plants, Animal Husbandry, Field Husbandry, Tobacco, Poultry, 

Bees, Economic Fibre, and Illustration Stations.

In 1959 the former Services were replaced by 3 Branches : Administration, 

Production and Marketing, and Research. The Research Branch was formed by 

amalgamation of the former Experimental Farm Service and Science Service. The 

current organization of research functions in CDA is shown in Section 2.1.

The Canada Department of Agriculture research program is primarily 

concerned with problems of soils, crops, and livestock as they affect produc

tion and marketing. This program is necessarily supported by background 

research of a basic character, including national collections of soils, plants, 

insects, fungi and bacteria.

The program is concerned with soil classification, survey and mapping, 

and land capability assessment ; with problems of soil fertility, salinity, 

acidity, irrigation, and drainage; with the production, processing and market

ing of commercial crops including cereals, forages, field crops, fruits, 

vegetables, and ornamentals; with livestock production; with protection of

— See Tables T5 and T6, A Study of Resources Devoted To R 6 D .. OECD,
Paris, 1968, pp. 64-67.

— The agricultural equivalent of GNP. Source of estimates: Farm Finance 
Section, Agriculture Division, Dominion Bureau of Statistics.

— Glen, R. Organization of the Research Branch of the Canada Department of 
Agriculture: an Historical Review. Agr. Inst. Rev. May-June, 1962, 
(Appendix 1.)



Science Policy 1109

both crops and livestock from pests such as insects, fungi, bacteria, viruses, 

and weeds. Special attention must be devoted to winter hardiness and drought 

resistance, problems characteristic of our northern climate and continental 

extremes of much of the agricultural area.

In 1966 under the auspices of the Canadian Agricultural Services Coor

dinating Committee, an inventory of agricultural research projects in Canada 

was compiled by the Research Branch (Appendix 2.).

The Inventory included only research in progress under formal project 

status. It did not include much of the scientific activities normally 

included under "data collection", "scientific information" and "testing".

The Inventory disclosed that about 1200 man/years were devoted to 

agricultural research in Canada of which 68 per cent was in the federal 

department, 24 per cent in the universities and 8 per cent in provincial 

departments. No information on agricultural research in industry was included.

The distribution of agricultural research by establishments was as 

follows :

Canada Dept, of Agriculture 

Other Federal departments 

University departments 

Provincial departments

69 establishments 

2 
78 

32

Total 181

The distribution of research by field of application was as follows;

Soils 15%

Crops 43

Animals 18

General Biology 14

Engineering 2

Economics 8

In 1968, Glen (Appendix 3) stated that 1500 professional man-years 

were devoted to agricultural research and development at a cost of $55 

million annually, and distributed as follows:

Federal 65%

University and provincial 25%

Industry 10%
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By contrast, in the U.S.A. according to Maclay (Appendix 4) 

agricultural research is shared as follows:

Industry 53.9%

University and State 26.6%

Federal 19.5%

Reference to the need for greater participation by Canadian

industry is indicated under Recommendations. (See also Section 

2.2.c. (2) ii.)
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2.1. Organization

2.1. a. Organization of the Canada Department of Agriculture

(Diagram 2.1.a.)

2.1. b. Parliamentary Reporting Channels

The activities of the Canada Department of Agriculture are summarized 

and transmitted by the Minister of Agriculture in his Annual Report to the 

Governor General of Canada. (Appendix 5).

All units of the Department report through the Deputy Minister to the 

Minister of Agriculture.

The Canadian Agricultural Services Coordinating Committee, (Diagram

2.1. b.) acting as an advisory and coordinating body, also reports through 

the Deputy Minister to the Minister of Agriculture. This unique body 

includes as members the 11 Deputy Ministers of Agriculture, the 10 Deans and 

Principals of Faculties and Colleges of Agriculture and Veterinary Medicine, 

the Director of the Agricultural Research Institute of Ontario, the President 

of the Quebec Agricultural Research Council, a representative from the 

National Research Council, a representative from the Dominion Bureau of 

Statistics, and eight senior officials from CDA. It meets at least once

a year, with the federal Deputy Minister as Chairman. Its purpose is "to 

review governmental and institutional services affecting the general welfare 

of Canadian agriculture, including coordination and adequacy of those 

services". A special section of the membership concentrates on research 

and education.

CASCC has established national coordinating committees in specific 

technical fields: weeds, soil surveys, soil fertility, agricultural 

engineering, agrometeorology, pesticide use and farm management. More 

recently regional coordinating committees have been formed in B.C., Alberta^ 

Saskatchewan, Manitoba, Ontario, Quebec and one for the Atlantic Provinces 

to consider how best to use the total resources of staffs and facilities 

available in their respective areas. These committees differ from one 

another in composition and programs but each has at least one Deputy 

Minister of Agriculture, one Dean of Agriculture, and one Director of a 

CDA research station, thus ensuring participation of senior management with 

interests in extension, education, and research.

Agreement has been reached under CASCC on the distribution of respon

sibility for agricultural research. (See Section 2.2.c.).
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DIAGRAM 2.1.b
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SEE DIAGRAMS 
2. I. a and 2.1, c

1. For connections to other Federal agencies, etc., see section 2.2.c.

2. Chairman, Minister of Industry: Members, Ministers of Departments with scientific 
responsibilities or interests: reporting to the Privy Council and Prime Minister

3. Chairman, Federal Deputy Minister of Agriculture 
Members: Provincial Deputy Ministers of Agriculture

Deans, Faculties of Agriculture and Veterinary Medicine 
Federal Assistant Deputy Ministers of Agriculture 
Directors-GeneraI, CDA Branches
Director, Agricultural Division, Dominion Bureau of Statistics 
Director, Biosciences, National Research Council 
Director, Agricultural Research Institute of Ontario 
President, Quebec Agricultural Research Council 

Observers: Scientific Secretariat

4. Chairman, Assistant Deputy Minister (Research), CDA 
Members: Director-General, Research Branch, CDA

Director-General, Economics Branch, CDA 
Director-General, Health of Animals Branch, CDA 
Deans, Faculties of Agriculture
Director, Division of Biosciences, National Research Council 
Directors, Provincial Agricultural Research Councils
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Guidelines have also been developed between CDA and the agricultural 

and veterinary colleges covering the use of CDA specialists as lecturers at 

universities and the use of CDA laboratory facilities for research conducted 

by graduate students. The CDA Operating Grants program in support of 

agricultural research at universities functions under a joint selection 

committee with CASCC serving as an advisory body to the Department. In 1966, 

the Research Branch, CDA, prepared at the request of CASCC, an Inventory of 

Agricultural Research Projects in progress in Federal and Provincial Depart

ments of Agriculture and in Faculties of Agriculture and Veterinary Medicine 

in Canadian Universities. (Appendix 2). Major interest ÿi CASCC is centred 

at present on the problem of research management.

2.1.c. Organization of Units Responsible for Scientific Activities 

Diagrams 2.1.c.1. to 2.l.c.5.

Not included in this report are those activities conducted in the 

Analytical Services Section, Plant Products Division, of the Production and 

Marketing Branch. The primary function of the Section is to provide analytical 

services on a variety of commodities (seed, feeds, fertilizers, pesticides, 

food products) for quality control and law enforcement purposes. Laboratories 

are operated at Ottawa and at several other locations across Canada. In 

support of this program, developmental research in analytical methodology is 

carried on at Ottawa, principally in analytical chemistry and in the technology 

of seed testing. In analytical chemistry, projects are in progress on the 

development of new or improved analytical methods for new active ingredients 

and new mixtures of active ingredients in commercial pesticide formulations, 

and for vitamins, antibiotics, drugs and pesticide residues in animal feeds. 

Work in the field of seed testing includes studies on methods of testing 

agricultural seeds for mechanical purity, laboratory germination and the 

presence of seed-borne pathogens, and for genetic purity of variety by means 

of morphological and biochemical characteristics of seeds, seedlings and 

plants. In all, about nine man-years are devoted annually to research 

activities.

Also excluded from the report are the operations research of the Board 

of Grain Commissioners in relation to grain handling and uniformity of quality

control.
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Guidelines have also been developed between CDA and the agricultural 

and veterinary colleges covering the use of CDA specialists as lecturers at 

universities and the use of CDA laboratory facilities for research conducted 

by graduate students. The CDA Operating Grants program in support of 

agricultural research at universities functions under a joint selection 

committee with CASCC serving as an advisory body to the Department. In 1966, 

the Research Branch, CDA, prepared at the request of CASCC, an Inventory of 

Agricultural Research Projects in progress in Federal and Provincial Depart

ments of Agriculture and in Faculties of Agriculture and Veterinary Medicine 

in Canadian Universities. (Appendix 2). Major interest ÿi CASCC is centred 

at present on the problem of research management.

2.1.c. Organization of Units Responsible for Scientific Activities 

Diagrams 2.l.c.1. to 2. l.c.5.

Not included in this report are those activities conducted in the 

Analytical Services Section, Plant Products Division, of the Production and 

Marketing Branch. The primary function of the Section is to provide analytical 

services on a variety of commodities (seed, feeds, fertilizers, pesticides, 

food products) for quality control and law enforcement purposes. Laboratories 

are operated at Ottawa and at several other locations across Canada. In 

support of this program, developmental research in analytical methodology is 

carried on at Ottawa, principally in analytical chemistry and in the technology 

of seed testing. In analytical chemistry, projects are in progress on the 

development of new or improved analytical methods for new active ingredients 

and new mixtures of active ingredients in commercial pesticide formulations, 

and for vitamins, antibiotics, drugs and pesticide residues in animal feeds. 

Work in the field of seed testing includes studies on methods of testing 

agricultural seeds for mechanical purity, laboratory germination and the 

presence of seed-borne pathogens, and for genetic purity of variety by means 

of morphological and biochemical characteristics of seeds, seedlings and 

plants. In all, about nine man-years are devoted annually to research 

activities.

Also excluded from the report are the operations research of the Board 

of Grain Commissioners in relation to grain handling and uniformity of quality

control.
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1(1) RESEARCH STATION - ST. JOHN'S WEST, NFLD. 1(4) RESEARCH STATION - FREDERICTON, N.B. K8)
Population 53 Establishment No. 300 Population 157 Establishment No. 309
Soil Science, Animal Science, Field Crop and Peat Soil Animal Nutrition — meat animal nutrition, calf nutrition, pig
Reclamation, Potato Breeding Vegetable Crops - entomology. nutrition, dairy cattle nutrition
nematology, pathology, horticulture Agricultural Engineering and Field Crops — harvesting and
Administration, Farm Operations, storage engineering, cereal crops, forage crops
Support Services Plant Pathology — aphid borne virus, potato virus, potato

common scab, potato leafroll virus, late blight in potatoes,
1(2) RESEARCH STATION - CHARLOTTETOWN, P.E.I. verticillium wilt, spindle tuber virus, biochemistry

Population 92 Establishment No. 303, 304 Plant Physiology and Entomology — small fruits, vegetables
Crop Protection - potato and vegetable diseases, forage blueberry insects, apple maggot control, potato physiology,
diseases, potato fungicides potato insects, vegetable insects analytical chemistry, herbicides, aphidology
forage insects Potato Breeding — potato breeding, potato gualitv, potato 1(9)
Genetics and Plant Breeding — cereal breeding, cereal cytogenetics, potato genetics
diseases, special crops, dairy cattle Soils — soil chemistry, potato nutrition and management.
Soils and Plant Nutrition — forage nutrition, plant physiology. potato nutrition, soil physics, soil capability
pasture and corn nutrition, vegetable nutrition, chemistry and Administration - office services, building, vehicle & equip-
soil fertility, forage crop management ment maintenance, agricultural services, farm labour services
Administration - office services, agricultural services.
building and maintenance, library 1(5) RESEARCH STATION - QUEBEC, P.Q.
Exp. Fur Ranch - Summerside, P.E.I. — Nutrition, Breeding, Population 126 Establishment No. 328, 320, 336, 331
Pathology, Administration, Farm Operations Cereal Crops - oats and barley

Forage Crops - grasses and legume», plant pathology, plant
1(3) RESEARCH STATION - KENTVILLE, N.S. physiology

Population 174 Establishment No. 306, 307 Vegetable Crops - potatoes, plant physiology
Entomology - winter moth and lacanium scale, predator Soils - soil genesis, microbiology, fertility, drainage
populations, ecology of mirid pests, orchard tortricides, apple Administration — office services
maggot, selective pesticides, toxicology, mites, aphids of Exp. Farm — La Pocatiere - Ceral crops, forage crops, field
apples and vegetables, small fruit pests crops, horticultural crops, soil fertility, animal science, ad-
Chemistry — fertility and nutrition, pesticides ministration, support services
Plant Pathology - tree fruit diseases, storage diseases, fruit Exp. Farm - Normand in, P.Q. - Animal science, crops,
and vegetable diseases, physiology of parasitism in vegetable administration, support services
diseases Exp. Farm - Caplan, P.Q. - Animal science, crops, admin-
Crops - weed control, vegetable crops, field and forage crops istration, support services 1(10)
Plant Physiology — storage, post harvest physiology, tree
fruit nutrition, electronic maintenance development K6) RESEARCH STATION - LENNOXVILLE, P.Q.
Processing — biochemistry, commercial processing technigues. Population 74 Establishment No. 326
techniques, food technology Animals - dairy cattle, beef cattle, sheep, swine, general
Small Fruits - plant breeding, economic botany, genetics and operations
cytology, ornamentals Crop Research - forage grasses and pastures, forage pastures,
Poultry - genetic environment, embryology and behaviour in and legumes, cereal research
egg production stocks, genetic environment and physiology in Soils Research - soil fertility, soil physics
broiler stocks, poultry house operations Laboratories
Tree Fruit - growth and development, breeding, orchard Administration
operations Farm Operations
Administrative Support — secretary, statistician, administra-
tion, library EXPERIMENTAL FARM - L'ASSOMPTION, P.Q.
Exp. Form - Nappon, N.S. - Animal nutrition and management. Population 35 Establishment No. 324
pastures, forage physiology, cereal, forage crop management, K7) Tobacco Breeding - Tobacco Crop Management, Tobacco
soil fertility, dikeland studies, blueberries, administrative and Crop Protection, Forage, Cereal and Vegetable Crops Evolua-
stenographic, statistical, farm operations. tion, Plant and Soil Chemistry, Poultry Breeding and

Management, Administration, Form Operations

RESEARCH STATION - ST. JEAN, P.C.
Population 57 Establishment No. 335
Vegetable Research — Entomology (onions, potatoes, corn, 
canning peas) plant pathology (crucifers, beets), plant 
physiology, genetics, pesticide residues, management 
Fruit Research - entomology (apples), genetics (apple trees), 
management (apple orchards)
Soils Research — soil chemistry, soil-plant relations 
Administration - office services, maintenance 
Exp. Farm - L'Acadie, P.Q, - Seasonal 
Exp. Farm — St. Clothilde, P.Q, - Seasonal

RESEARCH STATION - OTTAWA, ONTARIO 
Population 188 Establishment No. 338, 348, 346, 341 
Cereal Crops - oats & barley, wheat & peas, wheat quality, 
plant pathology, plant physiology, field operations 
F orage Crops — grosses & legumes, corn and soybeans, plant 
pathology, field operations
Horticultural Crop», - vegetables, fruits, ornementais, plant 
pathology, field operations
Agronomy - crop management, field operations 
Cytology — cereal crops, forage crops, mutation genetics 
Administration - office services, agricultural services,

Exp. Form - Smithfield, Ontario - Nutrition and irrigation, 
Fruit Crop Management, Tomato Breeding, Food Processing 
and storage, physiology and biochemistry. Administration, 
Form Operations.
Exp. Form — Kopuskosing, Ontario — Animal science. Field 
Crops, Soil Science, Administration, Farm Operations 
Exp. Farm - Fort William, Ontario - Crop Management, 
Administration

RESEARCH STATION - HARROW, ONTARIO 
Population 94 Establishment No. 344, 345 
Chemistry — Physiology — greenhouse crops, pesticide resi
dues, greenhouse operations
Entomology — field crops, greenhouse crops, tree fruits, 
vegetables, chemical-biological control, aphids, vegetables, 
nematology, insect pathology
Field Crops — com, soybeans, tobacco, crop adaptation 
Horticultural Crops — tree fruits, vegetables, white beans, 
weed science, food technology, greenhouse operations, cereal

Plant Pathology - vegetables, tree fruits, soybeans, white 
beans, corn, soil microbioJog>, peach canker, greenhouse 
operations, soil toxins, fungicides.
Soil Science - soil physics, soil dertility, statistical services 
Administration — office services, engineering and maintenan
ce, agricultural services, landscaping and grounds, library 
services, photography
Extension Services — tree fruits, greenhouse crops 
Soils Sub-Station — Woodslee, Ontario
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Agronomy, Soil Physics, White Beans, Administration, Agri- 2(1) ANIMAL RESEARCH INSTITUTE - OTTAWA, ONTARIO 2(4)
cultural Service Population 223 Establishment No. 150

Entomology Field Office - Chatham, Ontario Biochemistry Section — ruminant ketosis and lipid metabolism.
membrane structure and steroid analysis, mucopolysacchari-

1(11) RESEARCH STATION - VINELAND, ONTARIO des, white muscle disease, energy metabolism, nucleic acid

Population 51 Establishment No. 352 and protein metabolism, hormones, cholesterol, experimental

Entomology - peach insects, apple insects, orchard mites, animals, general services.

vegetable insects, insect reproduction Genetics — protein genetics, enzyme genetics, dairy cattle

Nematolopy — zoology research genetics dairy cattle field records, sheep genetics, poultry

Plant Pathology - Fruit viruses, grape viruses, vegetable genetics — egg production, poultry genetics — meat production.

viruses, vegetable diseases population genetics - mice, population genetics - insects.

Pesticides - tree fruits, zoological research Nutrition — forage utilization, beef cattle nutrition, dairy

Administration - office services, maintenance service, cattle nutrition, white muscle disease, poultry-protein, poultry-

greenhouse service, farm service. amino acids, poultry-egg quality.
Physiology — reproductive, poultry, physiological genetics of

1(12) RESEARCH STATION - DELHI, ONTARIO poultry,

Population 39 Establishment No. 343 Institute Data Processing Committee — computer systems,

Nutrition and Soils programmers, unit records

Plant Science Resources Management — special projects, animal plant.

Plant Physiology poultry plant, crops and services, large animal laboratory,

Genetics and Plant Breeding small animal laboratory, labour pool

Plant Pathology Administration — personnel services, purchase, stores, inven- 2(5)
Entomology tory, accounts, revenue, typing and transcribing, general

Technical/Group and Farm Operations

Administration
2(2) ENTOMOLOGY RESEARCH INSTITUTE - OTTAWA,

ONTARIO
Population 116 Establishment No. 190
Administration — office services
Agriculture — ecology, pathology, pollination and nectar

chemistry
Experimental Biology — insect ecology, insect genetics and
cytology, insect physiology

Insect Taxonomy — acarology, aquatic insects, coleoptera,
distera, hemiptera, hymenoptera, lepidoptera, morphology, 

technical services, siphonaptera.
Nematology - ecology, taxonomy

2(3) FOOD RESEARCH INSTITUTE - OTTAWA, ONTARIO 
Population 60 Establishment No. 195
Carbohydrates — rapeseed, potatoes
Dairy — cottage cheese, cheddar cheese, aroma, cheddar
cheese flavour, milk enzymes.
Lipids — plant lipids, animal lipids
Microbiology — bacteriophage, lactic streptococci, fungal rots. 
Food Processing - new foods, freezing, sensory evaluation. 2(6)
chemical evaluation
Proteins — muscle protein
Storage — chemical analysis, senescence
Food Research Liaison
Administration - office services, farm labour services,
scientific support services

CELL BIOLOGY RESEARCH INSTITUTE - OTTAWA, 
ONTARIO
Population 54 Establishment No. 210
Biochemistry — bacterial metabolism, biosynthesis, fungal 
metabolism, macromolecules, tissue culture, biochemical 
taxonomy, viral biochemistry, enzyme regulation 
Cyrobiology — frost hardiness mechanisms, frost resistance 
Cytology orfd Electron Microscope Centre - cytology, micro
organisms, electron microscopy
Microbiol Ecology — rhizosphere bacteria, rhizosphere fungi,
microbial selection, numerical taxonomy
Physiology — fungal toxins, physiology of growth, frowth
regulators
Phytopathology - of seed, soil borne diseases, bacterial dis

eases, seed borne diseases, bacteriophage, crop disease loss 

assessment
Virology - cereal viruses, leafhopper transmitted viruses, 
aphid and trypstransmitted viruses, virus-vector relationships 
Administration — maintenance and stores, purchasing and 

payment, area stenographers.

PLANT RESEARCH INSTITUTE - OTTAWA, ONTARIO
Population 144 Establishment No. 220
Agrometeorology — ecoclimatology, micrometeorology, agro
climatology. A.R.D.A. Met. coordination, mete 
Environmental Physiology — plant dormancy, plant physiology, 
plant growth and development, growth analysis, growth

Mycology - pyrenomycetes, mycology herbarium, parasitic 
fungi, phycomycetes, hysteriaceae and hypodermataceoe, 
discomycetes, agaricales and discomycetes, fungi imperfecti, 
hyphomycetes, polyporoceae, tremellaies, hydnaceae, wood- 
inhabiting hymenomycetes, uredinales, thelephoracease and 
hydnaceae
Ornamental Plants - turfgrass, ornamental hort., physiology, 
biochemistry, native plants, frost hardiness 
Vascular Plant Taxonomy - saxifragaceae and experimental 

morphology, phanerogamic herbarium, pteridophyta, plantagi- 
naceae, palynology, aveneae, floristics, gramineae, cynareae, 

cytogenetics, leguminosae, experimental taxonomy, 
cruficerae, cytotaxonomomy
Operations — greenhouses, botanic gardens, ornamental 
gardens, arboretum, campus, nurseries, research plots. 
Administration — office services, stenographic services, 

stores services, library service, landscape architecture.

SOIL RESEARCH INSTITUTE - OTTAWA, ONTARIO
Population 135 Establishment No. 230
Soil Fertility - potassium, phosphorus, soil environment, 
nuc,ear isotopes, management
Soil Mineralogy - mineral transformation and weathering 
Physical Chemistry - ionic interactions and equilibria in
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Soil Biochemistry — organic nitrogen, microbial decompositioa Method Research - inorganic chemistry, physical chemistry.
phenolic chemistry of humus and plants organic chemistry, pesticide residues
Humic Acid Chemistry — properties and structure, Analytical Cooperation - special analyses, proximate constit-
biodegradation uents, instrumental, technicians pool
Soil Physics - soil moisture distribution Administration
Pedology - classification and correlation, genesis
Alberta Pedology Unit 2(10) ENGINEERING RESEARCH SERVICE - OTTAWA, ONTARIO
Ontario Pedology Unit Population 39 Establishment No. 144
Nova Scotia Pedology Unit Research Service
Administration Development and Advisory
Cartography Scientific and Technical Information

RESEARCH INSTITUTE - BELLEVILLE, ONTARIO 2(11) STATISTICAL RESEARCH SERVICES - OTTAWA, ONT AR10
Population 86 Establishment No. 250 Population 21 Establishment No. 147
Biting Fly Biology - fecundity, chemical sterilants, experi- Biometrics
mental populations, predators, physical sterilants, Quantitative Genetics
reproductive behaviour Computing — data analysis, programming
Nutritional Physiology - nutrition, histology, antimetabolites. Office Services
growth, host preferences, reproductive physiology
Population Analyses — experimental populations, ants, 
spiders, aphids, mirids, apple maggot, host-parasite inter-

insect Plant Relations — biological control of weeds, control 
of Canada Thistle, feeding behaviour, bioenergetics
Microbial Controls — insect pathogens, European skipper, 
viruses, bacteria
Insect Imports and Exports -
Administration — library, office services, buildina maintenance

RESEARCH INSTITUTE - LONDON, ONTARIO
Population 81 Establishment No. 280
Bacteriology - electron microscopy and cell cytology, micro- 
biology and virology
Chemistry - biophysical, organic chemistry and fungicides, 
radioactive tracers, photochemistry and fungicides 
natural products, enzyme kinetics, comparative biochemistry 
and toxicology, chemistry-toxicology
Entomology - comparative biochemistry and toxicology, bio- 
chemistry, physiology and biochemistry, physiology
Fumigation — fumigation, fumigation and toxicology, 
analytical chemistry
Plant Pathology - histology and physiology, fungicides, plant 
biochemistry and fungicides
Plant Physiology - herbicides, physiology, biochemistry
Soil Pesticide Behaviour - toxicology, analytical chemistry, 
microbiology, ecology
Administration - office services, enaineerina services, 
stores, library, greenhouse,'photography

ANALYTICAL CHEMISTRY RESEARCH SERVICE - 
OTTAWA, ONTARIO
Population 34 Establishment No. 141

3(1) PROPERTY AND FINANCE - OTTAWA, ONTARIO 
Population 38 Establishment no. 134 
Finance Unit - operations, purchasing
Genera! Administration - central registry, office services,
typing and transcribing

3(2) ARCHITECTURAL AND ENGINEERING ; OTTAWA, ONTARIO 
Population 14 Establishment no. 135 
Structural Engineering 
Plumbing and Sewage
Environmental Control
Heating and Ventilation
Electrical Engineering
Laboratories Coordinator
Mechanical Systems
Animal Structures
Service Buildings
Design (drafting)

3(3) SCIENTIFIC INFORMATION - OTTAWA, ONTARIO 
Population 52 Establishment no. 136
Technical information — insecticides, herbicides, fungicides, 
insect pest surveys, plant disease surveys 
Public Information — general information, herbicides, farm 
management, press, radio, T.V.
Information Processing - systems, projects 
Illustrative — photography, micrography, photo engineering, 
arts, modelling, biological art, special projects, photo library 
Scientific Editing - research reports, soil surveys, 
departmental publications
Administration — fellowship grants, office services

3(4) OTTAWA SERVICES - OTTAWA, ONTARIO
Population 108 Establishment no. 138 
Administrative Unit - general administration, receiving, 
shipping, taxi, building maintenance 
Technical Unit - modification of special equipment, 
operation and maintenance, instruments
General Unit — farm machinery and vehicle shop, carpenter- 
shop, farm operations

2(9)
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RESEARCH STATION - BRANDON, MAN. 4(5) RESEARCH STATION - MELFORT, SASK.
Population 76 Establishment no. 360 Population 50 Establishment no. 372
Plant Science - cereal crops, barley breeding, forage Ruminant Nutrition and Pasture Research
breeding, forage management, horticulture crops Swine Nutrition
Aminol Science - poultry breeding, apiculture, animal breeding, Forage Production and Pasture Research
animal physiology - reproduction (male), reproduction Forage Ecology and Weed Control

(female), meats Soil Fertility and Pasture Research
Soils and Agronomy - soil fertility, plant phys., agronomy — Grey-wooded soils
rotation and off-stations cultural practice, weeds Tillage and Cropping
Administration - office services, operations and maintenance Cereal Crops

RESEARCH STATION - MORDEN, MAN.
Horticulture
Administration

Population 83 Establishment no. 362 Farm Operations and Upkeep

Information Services
Administration 4(6) RESEARCH STATION - REGINA, SASK.
Corn and Soybeans Population 34 Establishment no. 347

Weed Control Weed Science - weed physiology, range weeds, weed morpho-
Vegetable Crops - tomatoes and potatoes, vegetable quality. genesis, herbicide chemistry, weed ecology, weeds of field
plant physiology, crop management, sweet corn and

cucumbers, plant pathology Cereals and Seeds — cereal testing, seed distributions, var.
Special Crops — flax and cereals, buckwheat and peas, verif. and genetic stock.
oilseed quality, sunflowers, plant pathology Administration
Ornamentals and Fruit Maintenance
Operations and Maintenance
Sub-Station - Portage La Prairie, Mon. 4(7) RESEARCH STATION - SASKATOON, SASK.

RESEARCH STATION - WINNIPEG, MAN.
Population 139 Establishment no. 375, 377
Administration - office services, library computer systems,

Population 111 Establishment no. 364 program services, photographic services, greenhouse services,
Cereal Rusts — common wheat breeding, Durum wheat maintenance services, glassware washing service, farm
breeding, wheat rust pathology, wheat leaf rust, oat crown operations
rust, physiology Scientific Information
Cereal Diseases - barley breeding and genetics, cereal Crops — grass breeding, legume breeding, oilseed crops — 

rapeseed, sunflower, mustard; crop management, irrigation,pathology, antibiotics, cereal smuts, cereal viruses, virology
Crop Protection - insect biology and control, insect toxi- cytology, field operations
cology, insect and mite ecology, population dynamics, insect Insect Bionomics and Control - forage crop insects, forage
biochemistry, pesticide residues, plant pathology, fumigant crop insect pollinators, biting flies, mosquitoes, oilseed
biochemistry. insects, pesticides, insect toxicology, garden insects, field
Pedology - classification, chemistry, classification and operations
genesis, classification ond cartography Insect Ecology — grasshoppers, wireworms, insect nutrition.
Cereal Chemistry - scientific liaison mosquito physiology, insect reproductive physiology, insect
Administration - mechanical maintenance, photography, endocrinology, field operations
support services, buiIding and ground maintenance. Plant Pathology - cereal root rots, soil microbiology, phys-

EXPERIMENTAL FARM - INDIAN HEAD, SASK.
iology of drought resistance, legume diseases, oilseed crop 
diseases, grass diseases, field operations

Population 43 Establishment no. 370 Pedology - pedological characterization, soil analysis
Agronomy Experimental Farm - Scott, Sask. - Crop management and
Forage Crops weed control, soils research, potato investigations, crop
Experimental Project Farms research, administration, farm operations
Soil - Horticulture

4(8 RESEARCH STATION - SWIFT CURRENT, SASKi
Administration - office services, maintenance services, Population 144 Establishment no. 379
form service

Agricultural Engineering — irrigation, hydrology, equipment 
testing, power and machine design, drainage ond salinity, 
field operations
Animal and Pasture Science — turkey nutrition, botany, 

ecology, pasture management, forage evaluation, field 

operations
Plant Science — alfalfa breeding, cereal breeding, forage 
physiology, forage agronomy, grass breeding, plant physiolo
gy, field operations
Soil Science — soil fertility, chemistry, physical chemistry, 

agronomy, agrometeorology, soil structure, soil moisture, 
plant physiology, microbiology
Administration — office services, drafting, plant operation, 
photography, stores, station operations

RESEARCH STATION - BEAVERLODGE, ALTA.
Population 112 Establishment no. 380, 383, 395, 410, 420 

Agrometeorology and Weeds
Cereals and Horticulture - horticulture breeding, horticulture 

management, cereal crops, oilseed crops
Soils — organic matter studies, nutrient availability, cultural

Forage Crop Breeding ond Seed Production — legume seed 
production, apiculture, grass breeding, legume breeding, grass 
seed production
Forage Production and Management — pasture management, 
ecology
Administration — office/operations, farm operations, green
house operations, special services
Experimental Farm — Fort Vermillion, Sask. - Administration, 
crop research, farm operations

Experimental Form, Fort Simpson, N.W.T. Crop Management 
Experimental Farm - Prince George, B.C. — Office and farm 
operations, horticulture, soils, forage, dairy cattle 
Experimental Farm - Mile 1019, Yukon - Crop management, 
farm operations

RESEARCH STATION - LACOMBE, ALTA.
Population 99 Establishment no. 385
Animal Science — animal breeding, animal physiology, breed
ing, and genetics, poultry, beef cattle and lab animals, swine 
breeding and meats
Plant Breeding — cereal crops - oats ond barley breeding, 
forage crops - breeding and management, horticulture, plant 
pathology — cereals, forage
Crop Management and Soils - weed research, soil chemistry, 
plant nutrition, tillage and soil physics, operations 
Administration — office services, operations and property 

management.
Soil Research sub Station — Vegreville, Alto.
Administration - office services, operations and property 

management.
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RESEARCH STATION - LETHBRIDGE, ALTA. 4(14) RESEARCH STATION - SAANICHTON, B.C.
Population 311 Establishment no. 387 Population 39. Establishment no. 298
Soil Science — agricultural engineering, dryland agronomy. Horticulture Crops - vegetables, weed control, entomoloav.

irrigation agronomy, plant nutrition and chemistry, irrigation ornamentals, turf grasses, small fruits, nematology, pathology.

efficiency, organic and genesis chemistry, pesticide residue virus indexing
chemistry, microbiology, physics and physical chemistry. Soils and Plant Nutrition

drainage engineering, land classification, technician Building, Vehicle and Equipment Maintenance

operations, field operations Farm Operations - greenhouse operations

Plant Science - cytogenetics, cereal breeding, alfalfa breed- Administrative Support Services — office services, library

ing, vegetable breeding, vegetable culture, crop management, 
pasture ecology, range ecology, weeds, food technology, field 4(15) RESEARCH STATION - SUMMERLAND, B.C.
operations Population 121 Establishment no. 402

Plant Pathology - winter survival, cereal diseases, forage Animal Science — bloat in cattle and foraae. bloat chemistry

diseases, vegetable diseases, crop residues Soil Science - plant nutrition, micro elements, soil moisture
Crop Entomology — wheat stem sawfly, aphids, cutworms, Entomology - integrated control of tree fruit insects, control

grasshoppers, pollinators, forage pests, sugar beet insects. of coddling moth, bionomics of pear psylla, control of orchard

special crop insects, insect attractonts, toxiocology, insect- mites, taxonomy, biology of mites, biology and control of
icide chemistry, cold hardiness biochemistry. vegetable insects, pesticide chemistry
Animal Science — wool, animal physiology, animal nutrition. Vegetables and Ornamentals - vegetable breeding culture.
animal breeding, poultry nutrition, technical unit, livestock physiology
unit, poultry unit Pomology - variety evaluation - thinning, fruit breeding -

One-four Sub Station hardiness, agromet. — growth regulators, fruit storage

Veterinary-Medical Entomology — bioclimatology, toxicology, Agricultural Engineering — agricultural equipment development

serology, reproduction, physiology, histo-chemistry, biting 
flies, operations unit

Pruit and Vegetable Processing — candied fruit chemical

compounds, eng. - new products, juice, jam, pie filling, micro-

Scientific Support biology, analytical chemistry, home economics.

Administration - office services, construction and mainte- Plant Pathology — tree fruit virus diseases, vegetable parasita

nance, photography, miscellaneous services, farm operations, diseases, tree fruit parasite diseases, pome and veg. virus

grounds, greenhouse diseases, stone fruit and grape virus diseases

Field Operations - Vauxhall Administration - office services, photo services, farm and

RESEARCH STATION AGASSIZ, B.C.
maintenance
Library Services

Population 71 Establishment no. 390 Creston Sub Station — cereals and forage crops

Forage Crops - forage breeding, forage management 
Horticulture - small fruit breeding, small fruit management. 4(16) RESEARCH STATION - VANCOUVER. B.C.
vegetables Population 54 Establishment no. 404

Soils - soils fertility
Animal Science - dairy cattle research, poultry research

Plant Pathology — potato viruses - serology, rootrot - horti-
cultural crops, viruses — horticultural crops, nematodes.

Administration - office services, farm operations legume viruses, plant disease survey, field operations

RESEARCH STATION - KAMLOOPS, B.C.
Virus Chemistry and Physiology - physiology and electron 

microscopy, chemistry and virus hosts, biophysics and

Population 42 Establishment no. 393 chemistry, biochemistry and virus hosts

Animal Entomology - ticks, biting flies, chemical control Entomology — virus vectors, fine structures of virus vectors

Forage Crop insects leafhopper virus Sectors, ecology of vectors, chemical control

Range Management - ecology and management, plant of insects, biological control of insects, insecticide residues,

physiology small fruit insects, stored product insects

Soil Science Soil Science Section - soil classification and capability, soil

Forage Crops - crop testing mapping-classification, soil capability-photo interpretation.

Support Services - field directorate and support services, soil mapping capability, soil minero logy-gene sis, forest

building, vehicle and equipment maintenance, farm operations capability

Administration Section - admin 
services, greenhouse services, 

scopy, maintenance services 
Regional Library — library serv

istrative services, office 
photography, electron micro-

Special C
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2.1.il. I i)r111.1IA grccrnent_s with Agencies Outside Canada

(1) The Commonwealth Agricultural Bureaux. Extracts from Appendix I 

of 37th annual report of the CAB (1965-66) give a good account of this 

agreement :

"The Imperial Agricultural Research Conference, 1927, stressed (a) the 

need for scientists to be in touch with the progress of research through

out the world in their several branches, and (b) the difficulty therein 

owing to the great output of scientific literature and the diversity of 

languages in which it is published.

It is recommended the governments of the British Commonwealth to establish 

on a joint co-operative basis eight bureaux to collect, collate and 

disseminate information on research in eight selected branches of agri

cultural science, and generally to assist research workers in the 

Commonwealth and Umpire with information relevant to their subjects.

Each Bureau was to be located at a research institute specializing in 

its own branch of science so that the bureau officers should be in daily 

contact with men engaged on research in its own subject. These bureaux 

were to be financed from a common fund contributed by Commonwealth 

governments in agreed proportions and controlled by a Council composed 

of representatives of those governments on an equal footing.

Governments accepted these proposals. In November 1928, a new type 

of inter-imperial co-operative agency acceptable to all governments 

was worked out in detail. On 1 April, 1929, the Executive Council of 

the Imperial Agricultural Bureaux came into being. The eight bureaux 

started work in that year. From 1 January, 1948, the name of the 

organization was changed to Commonwealth Agricultural Bureaux."

"The organizations under the administration of the Executive Council are :

The Commonwealth Institute of Entomology

The Commonwealth Mycological Institute

The Commonwealth Institute of Biological Control

The Commonwealth Bureaux of:

Animal Breeding and Genetics

Animal Health

Animal Nutrition

Dairy Science and Technology

Forestry
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Helminthology

Horticulture and Plantation Crops 

Pastures and Field Crops 

Plant Breeding and Genetics 

Soils

Editorial Office, WAERSA"

"The institutes and bureaux act as effective clearing houses of 

information for scientists and research workers in agriculture, 

animal health and forestry throughout the Commonwealth and, 

increasingly, throughout the world. To do this they collect 

information by scanning and indexing as far as possible all journals 

in their subjects in all languages, by scanning other abstracts, and 

by keeping in touch with research in progress. They distribute this 

information by the periodic issue of 17 abstract journals, by the 

frequent issue of monographs reviewing some particular subject within 

their field and by various other publications."

Contributions to the Bureaux budget are based on the FAO scaie. Canada's 

contribution this year is 17 per cent of the total, amounting to $366,000. In 

return, the Department receives 574 free quota subscriptions to the CAB 

journals, and allocates these to key organizations and people in the federal 

departments of agriculture and forestry, and to colleges and faculties of 

agriculture and forestry throughout Canada.

(2) Although the Department is intimately involved in the activities of 

the Food and Agriculture Organization of the United Nations and of the Organiza

tion for Economic Cooperation and Development, formal agreement on Canadian 

participation is a responsibility of the Department of External Affairs.

(3) International cooperative research arrangements on an informal basis 

are frequently made on the initiative of the individual or unit concerned. The 

extent of this international cooperation is indicated under Section 2.2.c.

2.1.e. Overseas Offices

The Department does not maintain overseas scientific offices but relies 

upon the Scientific Liaison Offices of the National Research Council to act on 

its behalf. These offices are located in Washington, London, Paris and Bonn.

We also rely upon agricultural counsellers and trade commissioners of

the Department of Trade and Commerce for liaison on economic and other matters 

affecting Canadian agriculture.
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2.2 ORGANIZATIONAL FUNCTIONS 

2.2.a. Statutory Functions and Powers

The Department's statutory functions and powers regarding scientific 

activities are derived from its responsibility for agriculture under two 

Acts:

The British North America Act 

The Department of Agriculture Act 

and for agricultural research under two more :

The Experimental Farm Stations Act 

The Canada Grain Act

Several other Acts, notably the Fertilizers Act, Feeds Act, Seeds Act, and 

Pest Control Products Act provide for analytical work, most of which - being 

routine - falls outside of the Senate Committee's definition of scientific 

activities.

(1) The B.N.A. Act

The B.N.A. Act (Section 95) provided for concurrent federal-provincial 

jurisdiction in the field of agriculture but gave the Dominion over-riding 

authority in case of conflict :

"In each province the Legislature may make laws in relation 

to agriculture in the province ... ; and it is hereby declared 

that the parliament of Canada may from time to time make laws in 

relation to agriculture in all or any of the provinces ... ; 

and any law of the legislature of a province relative to agriculture 

. . . shall have effect in and for the provinces as long as and as 

far only as it is not repugnant to any Act of the Parliament of 

Canada."

Other sections of the British North America Act also contain provisions 

affecting agriculture. The authority with respect to trade and commerce 

which was assigned to the Dominion (Section 91 (2)) is one of the most 

important ; its significance has increased over the years as agriculture 

has become more specialized and as farm products have more and more 
entered into the nation's commerce.—^

— "Agriculture, Reference Book for Dominion-Provincial Conference on
Reconstruction", (undated) about 1945, p. 7.
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(2) The Department of Agriculture Act

The Act for the organization of the Department of Agriculture was passed 

by Parliament and assented to May 22, 1868. This Act, amended from time to
2/time, is the authority under which the present Department operates.— The

3/pertinent provisions are to be found in Sections 4 and 5:—

4. The duties and powers of the Minister of Agriculture extend

to the execution of laws enacted by the Parliament of Canada, 

and of orders of the Governor in Council relating to the subjects 

enumerated in section 5, as well as to the direction of all public 

bodies, officers and servants employed in the execution of such 

laws and orders. R.S., c. 4, s. 4.

5. (1) The following subjects are under the control and direction 

of the Minister of Agriculture, that is to say:

(a) agriculture;

(b) arts and manufactures;

(c) Experimental Farm Stations.

(2) The Governor in Council may at any time assign any other duty 

or power to the Minister of Agriculture. R.S., c. 4, s. 5.

As of April 1, 1968, the Minister was charged with the duties and powers of 
34 such laws,—/ most of which require scientific support for their efficient 

execution.

(3) The Experimental Farm Stations Act

The main bulk of the Department's research and development program, 

including scientific support for most of the 34 acts mentioned above, is 

more specifically provided for in the Experimental Farms Stations Act, passed 

in 1886. This Act gave the Governor in Council authority to establish "farrç 

stations" across Canada, to acquire land for them and to hire staff (Sections 

3, 4, 7 and 8). It also gave general direction to the research program 
(Section 9) as follows:—/

(a) conduct researches and verify experiments designed to test the 

relative value, for all purposes, of different breeds of stock,

—/ Canada Agriculture, The First Hundred Years, Canada Department of 
Agriculture, 1967.

—/ Revised Statutes of Canada, 1952, Chapter 66.

— Annual Report of the Canada Department of Agriculture, 1966-67, p. 6 
(Appendix 5).

—/ Revised Statutes of Canada, 1952, Chapter 101.
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and their adaptability to the varying climatic or other conditions 

that prevail in the several provinces and in the Northwest 

Territories ;

(b) examine into the economic questions involved in the production of 

butter and cheese;

(c) test the merits, hardiness and adaptability of new or untried 

varieties of wheat or other cereals, and of field crops, grasses 

and forage-plants, fruits, vegetables, plants and trees, and 

distribute among persons engaged in farming, gardening or fruit 

growing, upon such conditions as are prescribed by the Minister, 

samples of the surplus of such products as are considered to be 

specially worthy of introduction;

(d) analyze fertilizers, whether natural or artificial, and conduct 

experiments with such fertilizers, in order to test their com

parative value as applied to crops of different kinds;

(e) examine into the composition and digestibility of foods for 

domestic animals;

(f) conduct experiments in the planting of trees for timber and 

for shelter;

(g) examine into the diseases to which cultivated plants and trees are 

subject, and also into the ravages of destructive insects, and 

ascertain and test the most useful preventives and remedies to be 

used in each case;

(h) investigate the diseases to which domestic animals are subject ;

(i) ascertain the vitality and purity of agricultural seeds; and

(j) conduct any other experiments and researches bearing upon the 

agricultural industry of Canada that are approved by the Minister. 

R.S., c. 61, s. 9.

Although the scientific program of the Department today is far deeper and 

broader than could have been envisaged by Canada's legislators in 1886, this 

Act still provides an adequate legal base.

(4) The Canada Grain Act

Scientific activities carried out under the Board of Grain Commissioners 

are provided for in the Canada Grain Act, 1930 (Sections 8 and 22):

8. Provision may be made according to law for the appointment to

act under the Board of ... a chief chemist ... and such ... scientific,
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technical and professional advisers, clerks, and other officers and 

assistants as may be necessary for the carrying out of the duties of 

the Board ... .

22. The Board shall maintain an efficient and adequately equipped 

laboratory for research work in relation to grain. 1930, c. 5, s. 22.

Under this Act, the Board developed a grain research laboratory capable of 

conducting basic research, applied research and elaborate quality-testing 

programs.

2.2.b. Organizational Policies

A number of * science policies’ have been evolved, over the past century. 

These have been concerned with defining the role of the Department vis-à-vis 

other federal agencies, the provinces, the universities and industry; with 

balance and priorities in the research program; and with the problems of 

maintaining a vital research organization.

It is the policy of the Department

To keep its scientific activities ’mission - or problem - oriented’.

Pure research, or research solely for the discovery of new knowledge, is 

left to other agencies. However, much of the basic research carried on 

in the Department is distinguishable from pure research only in that it 

is part of a long-term program aimed at solving a recognized set of 

problems.

To conduct a broad program of research - basic, applied and develop

mental. This ’trilogy' is important to the solution of practical problems 

because the biological, physical, economic and social processes that 

characterize agriculture must be understood if solutions are to be 

proposed and action programs undertaken without producing unacceptable 

side-effects.

To carry out the bulk of the program as in-house research but to 

supplement it with extramural contracts. It is easier to keep a pro

gram relevant to its goals if the staffs engaged in basic and practical 

aspects arc housed in a single establishment under a common director. On 

the other hand, it is impossible to maintain a staff sufficiently diver

sified in its capabilities to attack all problems.

— This statement is largely based upon previous policy statements by Dr. 
Robert Glen, many of which appear in the following paper. Agriculture: 
Greater Farm bfficiency With Managed Research, Dr. Robert Glen, Assistant 
Deputy Minister (Research), Canada Department of Agriculture, Science 
Forum, Vcl. 1, No. 3, June 1968, p. 13. (Appendix 3).
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To engage in scientific activities for the solution of the problems 

of the primary industry, i.e. farm problems. Although this focuses our 

efforts to some extent, many farm problems have their origins ’beyond 

the farm gate', and are often shared by other industries (both primary 

and secondary).

To undertake research for and cooperate with other federal govern

ment agencies, provincial government agencies and universities in research 

where the Department has a joint interest. While this policy may also 

extend to industry groups, it does not apply to private firms which, 

nevertheless, often benefit from the results of research undertaken on 

behalf of the farmer.

To reduce attention to local problems as soon as appropriate local 

agencies are able to assume responsibility for them and to increase 

attention to large scale, long-term problems of regional, national and 

international significance. This double emphasis would be facilitated 

by an accelerated rate of growth of research in universities, provincial 

departments and industries.

To provide leadership in the development of a balanced, coordinated 

program of agricultural science for Canada. This has been accomplished, 

to a creditable degree, through the Canadian Agricultural Services Coor

dinating Committee (CASSC), its associated sub-committees, and other means 

(see 2.1.b). In this instance, balance refers to the distribution of 

research resources between programs designed to preserve what we have 

and to develop what we haven't. A substantial part of any 'balanced' 

scientific program must be devoted to high-risk research.

2.2.c. Functions and Responsibilities 

(1) General

The Department's "role in Canadian science is expressed in three areas 

of responsibility: as a performer of agricultural research, as a national 

coordinating instrument for agricultural science, and as a contributor to the 

growing art of research management and the devlopmcnt of national science
i- .•!/policy."—

77— Dr. Robert Glen, Agriculture: Greater Farm efficiency witl.i Managed Research, 
Science Forum, Vol, 1, No. 3, June 1968. p. 11. (Appendix 3).
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(i) As a performer of agricultural research:- The Department's role as a 

performer of agricultural research has two main facets, first, it is respon

sible for conducting sufficient research to maintain effective regulatory, 

stabilization, assistance and rehabilitation functions ; and second, it is 

responsible for ensuring that Canada has a research program adequate to 

maintain its agriculture as a healthy and progressive industry.

The regulatory, stabilization, assistance and rehabilitation functions 

are carried out under more than 30 statutes under the Minister of Agriculture. 

These statutes affect matters such as the licensing and testing of commercial 

fertilizers, feedstuffs, seeds and pest control products; prevention of the 

spread of contagious diseases of livestock, destructive insects, and other 

pests; provision of uniform standards and systems of grading and inspection of 

agricultural products entering commercial markets; promotion of agricultural 

production, rehabilitation, and development; and stabilization of prices and 

incomes. In an era of rapid technological, economic and social change, 

substantial research support is required to ensure that the statutes and their 

regulations are fair, efficient and progressive.

Since it was first created, the Department has addressed itself to the 

the task of ensuring that Canada has an adequate or optimum research program 

and will continue to pursue this elusive target. Lacking precise tools for 

the measurement of adequacy, our responsibility - as we have seen it - is to 

make well-informed judgments of the requirements for research in each field, 

in each region, and in total ; to assess the efforts of the universities, 

provinces, industry and other agencies; and then do our best to provide the 

difference. We will have more to say, later, about the methods that might be 

used to arrive at balanced judgments.

(ii) As a national coordinating instrument:- In April 1965, the Canadian 

Agricultural Services Coordinating Committee (CASCC) reached an informal 

agreement on "Present Responsibilities for Agricultural Research in Canada", 

as follows :

"All agencies engaged in agricultural research in Canada are at liberty 

to undertake any or all .types of investigation falling within their 

competence. Any institution or department is, therefore, free to cover 

a range of work extending from pure science through oriented basic 

studies to the most practical kinds of experimentation and testing. The
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need is for coordination of the total effort to ensure maximum benefits 

from the research and educational resources currently available ... The 

Canada Department of Agriculture is taking the initiative in ... seeking 

coordination of effort among the major agricultural research agencies to 

achieve this end ..."

The composition and functions of CASCC are described in Section 2.1.b.

(iii) As a contributor to national science policy and research management 

The CDA responsibility for national science policy has been well described by 

Dr. Robert Glen, former Assistant-Deputy Minister (Research), as follows:

"The development of policy for Canadian science as a whole lies outside 

of the Department of Agriculture. But the cumulative relevant experience 

in the department is substantial. CDA might logically be expected to 

play a contributory role, to provide what it can of the stuff from which 
national science policy decisions are made."—^

This is, of course, what our brief is about.

On the subject of research management, the Department also supports the 

statement by Dr. Robert Glen, that:

"Experience in agriculture strongly supports the thesis that research 

can and should be managed, particularly at the broad strategic levels.

In point of fact, all scientific research is managed now; some more than 

other, some better than other. Management skills and techniques will 

likely develop faster in applied research organizations, especially in 

those with large operational programs where objectives are clearly 

defined, strategic and tactical levels readily discerned, and the 

multidisciplinary approach encouraged. But it seems inevitable that all 

science will eventually be managed much more closely than at present. A 

beginning has already been made in Canada by the formation of the high- 

level (non-operational) Science Council of Canada and the Science Secre

tariat. We are challenged to learn how to manage without diminishing 

that essential ingredient for success, the creative imagination of the 

individual."

In addition to introducing Management by Objectives (see Section 2.2.d.), serious 

consideration is now being given to program budgeting, cost-benefit analysis

8/— Dr. Robert Glen, Agriculture: Greater Farm Efficiency with Managed 
Research, Science Forum, Vol. 1, No. 3, June 1968. (Appendix 3).
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ami other techniques of strategic management. These arc outlined and discussed

in a recent paper prepared for the Canadian Agricultural Services Coordinating
9/Committee (CASCC) by two senior officers of the Department 

Among their recommendations were :

"That CASCC undertake to develop a systematic, comprehensive, and 

classified list of the practical objectives of Canadian Agricultural 

Research."

"That those preparing project outlines, applications for grants, etc., 

be requested to state not only the scientific objectives but also the 

practical objectives or implications of the proposed research; and that 

this request be included in the next CASCC Project Inventory."

"That CASCC obtain an agreement from one of the faculties of agriculture 

to undertake a study of the annual operation and maintenance costs for a 

professional in each of its major disciplinary areas."

"That CASCC advocate the establishment of a unit for preparation of 

cost-benefit analysis both in CDA and in at least one university."

"That CASCC request CDA Research Branch to apply the "CASCC Intuitive 

Experiment" as outlined in this report."

The CASCC Intuitive Experiment refers to a method of arriving at a tentative 

optimum distribution of resources at some future date, based on a formal 

"opinion poll" of agricultural scientists. This experiment is now being 

conducted by the Research Branch.

(2) In Relation to Other Agencies

Two basic problem areas underlie relations between the CDA and other 

agencies in carrying out their scientific functions and responsibilities:

- Jurisdictional problems arising out of the difficulty or impossibility 

of adequately defining terms in the statutes. These begin with the 

B.N.A. Act which gives both federal and provincial governments jurisdiction 

over agriculture, but does not define agriculture.

- Problems arising out of the interdependence of sectors of the economy.

For example, the fact that farm problems often originate 'beyond the farm 

gate' leads us - legitimately - into areas that concern other agencies 

and, conversely, leads them into areas that concern us.

—' Evaluation Procedures for the Strategic Management of Agricultural Research,
J.A. Anderson and M.E. Andal, undated (about January 1968) unpublished.
(Appendix 6).
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These have led, on occasion, to considerable friction and much heat. But 

they have also led to important 'modi vivendi', an awesome array of coor

dinating committees, and many very productive relationships.

(i) Federal agencies: -

The National Research Council. Relations between the Department and 

the N.R.C. were frequently strained during the formative years of the Council, 

because of overlapping in legal jurisdiction and because the borderline be

tween industrial and agricultural research is so difficult to define. One of 

these disagreements erupted in 1928:

"When Tory tried to change the NRC Act, ... Grisdale seized the occasion 

to protest vigourously against certain clauses ... which gave the Council 

power to deal with natural resources ... Grisdale had 'very serious 

objections' to the clause that gave NRC the right to improve conditions 

in agriculture.

None of the changes desired by ... Grisdale were actually made in the 

NRC Act. This Act continued to give the Council power (on paper) to 

deal with natural resources ... However ... the time was coming when 

the NRC would avoid any sort of laboratory work that could conceivably 

fall within the range of interest of a government department. When a 

few such items could not be avoided, the NRC sought thorough discussion 

and sincere agreement beforehand and, in effect, this became the 
operating policy, without regard to what the Act did or did not state."—^ 

Since that time, a number of continuing 'associate' committees have been 

formed to coordinate research between the two agencies, for example:

- the Associate Committee on Animal Nutrition

- the Associate Committee on Agricultural and Forestry Aviation

- the Associate Committee on Plant Breeding

- the Associate Committee on Plant Diseases

- the Associate Committee on Grain Research

- the Industrial Research Assistance Committee.

These associate committees are usually made up of representatives from the 

NRC, the CDA, other interested departments and universities working in the 

field.

—^Mel Thistle, The Inner Ring - The early History of the National Research 
Council of Canada, University of Toronto Press, 1966, p. 261-2. See also 
pp. 266, 325, 333, and 339.
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The Rural Development Branch, Department of Forestry and Rural Development. 

The Agricultural Rehabilitation and Development Act, and its brother FRED, pro

vide great potential for either cooperation or overlap with the Department of 

Agriculture. The ARDA act permits the Minister to authorize research and 

investigation:

- "For the purpose of assisting the development of income and employment 

opportunities in rural areas in Canada and the improvement of standards 

of living in those areas ..." (Section 3(2)).

- "... for the development and conservation of water supplies and for 

soil improvement and conservation ..." (Section 4(2)).

and both Acts specifically direct the Minister to "make use, wherever possible, 

of the services and facilities of other departments of the Government of 

Canada ...". Cooperation between the Rural Development Branch, and the research 

units of the CDA, has been extensive: the Research Branch has undertaken a 

great deal of work basic to the Canada Land Inventory, and the Economics Branch 

has conducted and taken part in a number of rural surveys designed to define 

problems in specific geographic areas. Formal liaison has been maintained 

between the agencies by liaison officers appointed by the CDA, and by the 

Deputy-Minister of Agriculture in his capacity as member of the FRED Advisory 

Board. However, in spite of this record, and concurrent with an increase in 

number of economists on the staff of the Rural Development Branch (both central 

and regional), cooperation between it and the CDA Economics Branch has declined 

seriously during the past few years. Staff of the Economics Branch in our 

regional offices continue to undertake projects for, and to consult with, their 

regional counterparts (mainly provincial and PFRA) but contact at headquarters 

leaves much to be desired. The recent shift of PFRA into a new department to 

strengthen its ties with other development agencies is likely to do nothing to 

strengthen this relationship.

The Atlantic Development Board. Both the CDA and the ADB are concerned 

with agricultural development in the Atlantic Provinces as part of a general 

development strategy. The CDA's Economics Branch has provided: resources to 

conduct joint studies of the potential for agriculture and advice based on its 

own research in the area.

The Department of Trade and Commerce. Economic research on trade problems 

is the concern of both the CDA and the Department of Trade and Commerce. While 

the latter exercises undisputed leadership in the field of trade policy
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generally, it tends to leave to the CDA economic research that is specific to 

primary agricultural products. This department is represented on a number of 

interdepartmental committees on grain matters and is invariably represented 

on international delegations involved in trade negotiations affecting 

agriculture.

The Dominion Bureau of Statistics. The statutory power for collection 

of statistics rests with the D.B.S. Both agencies collect and publish agri

cultural statistics but the CDA confines itself to ac[ hoc surveys and to data 

that are by-products of its regulatory functions. Liaison is maintained by 

both standing and special committees, such as the interdepartmental Census of 

Agricultural Committee, and by personal contact.

The Department of Transport. Both the CDA and the DOT have closely 

related interests in studies of climate and weather. To permit equally close 

working relationships, the Meteorological Branch of DOT staffs a part of the 

Agrometeorology Section of the Plant Research Institute in the CDA Research 

Branch.

The Canadian Transport Commission. The CDA and the CTC have a concurrent 

interest in problems associated with the transportation of agricultural products 

in general and grain in particular. The CDA's Economics Branch is currently 

conducting several descriptive and analytical studies basic to the rationaliza

tion of the grain collection system in the prairie provinces. The CTC will be 

one of the main users of the results. Liaison is by personal contact rather 

than by a formal committee.

(ii) Industry;- Our first responsibility, as indicated in our statement on 

science policy, is to the primary industry - the farmer. Nevertheless, because 

of the interdependence between primary and secondary industry, much of our 

research and development is concerned with problems of manufacturing and 

distributing farm supplies and farm products. Although the first beneficiary 

of such scientific work is often secondary industry, the work is not under

taken unless there are prospects that farmers will benefit too. Sometimes 

'the longest way round is the shortest way home'.

Into this category falls the whole program of our Food Research 

Institute; a major part of the program of the Marketing and Trade Services 

Division; nearly all of a large program of research, development and testing 

on pesticides, herbicides, fungicides, feeds and veterinary medicines; and a 

substantial part of our work on fertilizers and grain quality.

29370—7
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Since little agricultural research is conducted by Canadian agri

business, it is heavily dependent on parent firms in the IKS.A., on 

government and on the universities. Research that is conducted by these 

firms is, with few exceptions, either highly applied or developmental, and 

is often confined to adapting a U.S. product to Canadian conditions or 

developing new formulations that will conform to Canadian law.

Some of our closest relationships are with the pest control products 

industry, as a result of our strict legislation in that field. An important 

function of the CDA in this area is to ascertain not only whether a product 

will do what is claimed for it but also to judge whether it will have 

deleterious effects not claimed for it (tolerance limits, hazards, and 

pollution). To carry out the first part of this function, the Department 

frequently carries out field tests at a number of locations; but to carry 

out the second part, we require a broad program of basic research aimed at 

obtaining an understanding of plant and animal life processes. As a result, 

the CDA maintains close liaison with both industry and the universities, both 

of which have an influence on our research program through working parties 

such as the National Committee on Pesticide Use in Agriculture.

The CDA makes no research grants to industrial firms but it does provide 

a consultative service to the NRC (and, incidentally, to industry) in its 

Industrial Assistance Grants program. For example, when the NRC receives 

from an industrial firm a proposal to do research in a field that is within 

the CDA's competence, the latter appoints - on request - a liaison officer 

to advise the NRC on approving a grant and to assist it in monitoring the 

research project. The firm undertakes the research to improve its prospects 

of profit; the NRC provides financial support to promote Canadian industry; 

and the CDA provides scientific advice in the interest of the farmer;

(iii) Educational Institutions:- The CDA has no responsibility for education, 

nor any function in the field of formal education, yet it maintains close 

relations with the universities in its role

- as a prospective employer of students of agriculture and related 

sciences,

- as an employer of university staff on contract,

- as a provider of grants for extramural research projects,

- as collaborator on joint scientific projects,

- as a coordinator of agricultural research in Canada.
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Four of our major research establishments are situated at universities that 

have agricultural faculties and conduct agricultural research (Laval Univer

sity, University of Manitoba, University of Saskatchewan, and the University 

of B.C.) and in a number of other instances our research establishments are 

located on campus, in the same city, or close by.

University Station

Memorial University - St. John's W.

St. Dunstans University - Charlottetown

Acadia University - Kentville

University of New Brunswick - Fredericton

Windsor University - Harrow

University of Western Ontario - London

Brock University - Vineland

Carleton University - Ottawa

Ottawa University - Ottawa

Queens University - Belleville

Lethbridge University - Lethbridge

Simon Fraser University - Vancouver

Victoria University - Saanichton

The CDA encourages its scientists to serve as part-time lecturers and 

instructors in agricultural and other science faculties and they frequently 

do so. In 1966-67, CDA staff from 34 establishments contributed to the 

programs of 21 Canadian and 16 foreign universities by giving 721 hours 

of lectures and supervising 487 hours of laboratory instruction.

As an employer of scientists the Department is responsible for trans

mitting, to the universities, forecasts of its future needs for scientific 

staff in both quantitative and qualitative terms. This is done both on a 

personal basis, through CASCC (see Section 2.1.b.) and through the Public 

Service Commission.

University staff members are sometimes employed on contract to provide 

expertise, on a short-term basis, that is not available within the Department 

(see Section 2.7.a.4).

We also make use of university expertise through our extra-mural research 

program.. This program is based partly on the philosophy that the Department 

should help to support university research as a necessary adjunct to a good 

educational program (see Section 2.7.a.5).

29370—7 J
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A third means of using university expertise is to arrange for departmental 

staff to carry on research projects under the supervision of university staff. 

This is also done in reverse relationship; in 1966-67 CDA laboratories were used 

by 68 graduate students working for graduate degrees, 49 under the direction of 

CDA personnel.

CDA staff took part in 112 cooperative projects and served on 91 university 

committees in 1966-67. The Canadian Soil Survey is an excellent example of a 

long-term cooperative program. It is carried out under the joint auspices of the 

CDA Research Branch, the universities and departments of agriculture in each 

province - under the guidance of the National Committee on Soil Surveys (under 

CASCC).

In its role as coordinator of agricultural research in Canada, the CDA 

respects the right of each university to conduct any research within its 

competence (and vice versa) yet the two may (and do) influence each others 

research and development programs through agreement within each of seven 

national committees under CASCC.

It is of interest to note that a considerable number of faculty members 

of both Canadian and U.S. universities were recruited from CDA research units. 

Their former affiliation with the Department facilitates cooperative arrange

ments and continued interest in CDA research. A list of faculty members now 

on the staffs of Canadian universities who were formerly employed by CDA is 

given in Table 2.8.6. It is unfortunate that a similar list for U.S. univer

sities could not be prepared.

(iv) Monitoring Scientific Activities Outside of Canada:- The CDA has no 

direct scientific representation abroad and very little responsibility for 

monitoring foreign scientific activities on behalf of others. However, as 

a performer of research it has a substantial monitoring function which is 

carried out:

- by exchanging publications with foreign scientific organizations on 

a formal basis,

- by subscribing to foreign scientific journals,

- by supporting international agencies with scientific programs,

- by making use of the NRC's scientific liaison officers and the 

Department of Trade and Commerce's trade commissioner service,

- by attending international conferences,

- by international visits.
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Some of these arc described in other sections of this report.

In 1967-68 our Library received scientific publications from some 2,200 

organizations in 108 countries, as part of a formal exchange program. This 

program provides about 85 per cent of its annual acquisitions. It purchased 

about 1460 foreign periodicals (titles) from roughly the same number of 

countries, about 98 per cent of which were scientific. And it bought $62 

thousand worth of books, of which at least 90 per cent were both foreign and 

scientific. Most of these were obtained in the U.S. and Europe but a substantial 

number originated in Asian and 'Communist bloc' countries including Mainland 

China.

We monitor through international organizations such as the Commonwealth 

Agricultural Bureaux (CAB), the Organization for Economic Coordination and 

Development (OECD), and the Food and Agriculture Organization (FA0) which 

report on scientific activities in their own organizations and throughout most 

of the world.

Foreign representatives of the National Research Council (in three 

locations) and the Department of Trade and Commerce provide information to 

the Department both voluntarily and on request.

Our only responsibility for monitoring on behalf of others arises out of 

our membership in and contributions to the CAB which provides an excellent 

abstracting service (see Section 2.8.5).

(v) Provincial Government Agencies:- Since jurisdiction over agriculture 

is shared by federal and provincial governments, and since jurisdiction over 

scientific activities is not mentioned in the B.N.A. Act at all, there would 

appear to be a tremendous field for duplication and conflict.

An excellent history of this problem and its remedies, up to 1945, may 

be found in Agriculture - Reference Book for Dominion-Provincial Conference 
on Reconstruction-^-^, to which we have already referred. According to this 

account, complaints of intrusion and duplication were most prevalent just 

before the first world war and during the 1920*s, and that this eventually 

led - in the early 1930's - to the formation of the "National Committee on 

Agricultural Services composed of the Dominion and Provincial Ministers of 

Agriculture and an Advisory Committee of technical agriculturists repre

sentative of all the services, Dominion and provincial, engaged in scientific

E7 Part I, General Review, pp. 7-25.,
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agriculture". This was the progenitor of CASCC (described in Section 2.1.b.) 

under which nearly all formal coordination of federal, provincial and university 

research takes place.

(vi) The Agricultural Economics Research Council:- The terms of reference of 

the AERC, an independent research agency, provide ample opportunity for dupli

cation or coordination of program with the Economics Branch of the CDA. The 

Council was established in 1962

"...to strengthen the agricultural industry in Canada by the development 

of a long-range independent research program in the sciences of agricul
tural economics and rural sociology"^ 

and adopted the following aims:

- to conduct research basic to long-term decisions in agricultural 

policy;

- to increase research in the social sciences through a system of grants 

and contracted projects;

- to increase pure, basic-applied and statistical research in agricultural 

economics and rural sociology;

- to coordinate research in agricultural economics and rural sociology 

across Canada.

Financial starvation has prevented the Council achieving all of its aims, 

notably the formal coordinating role, or - for that matter - any one of them 

to the extent originally envisaged. The total annual budget has been only 

$150,000 contributed by the federal government (through the CDA), provincial 

governments, agri-business, and farm organizations.

Although both the AERC and the Economics Branch are concerned with 

research basic to policy-making, there has been little conflict in program 

for a number of reasons:

- the Economics Branch tends to confine itself to research basic to 

federal policy-making, while the AERC's field is broader;

- the Economics Branch projects have tended to be 'ad hoc' and the 

results confidential; the AERC's have tended to be long-term and 

the results published;

TUT—• Agricultural Economics Research Council.
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- the universe of potential research projects is so much larger than 

the resources available that the chances of conflict are small;

- extra-mural research proposals received by the CDA are submitted to 

the AERC for comment if they have economic or sociological content;

- representatives of both the CDA and the AERC are appointed to the 

National Farm Management Committee under CASCC;

- representatives of the CDA sit on the AERC's governing body.

The last - but not necessarily least important - reason is that the 'society* 

of agricultural economists and rural sociologists is so small that much 

coordination is accomplished on a personal basis.

(vii) Representation on Delegations and Coordinating Committees 

by CDA Staff, 1967-68: -

This is an incomplete list. All sections - especially the list of 

regional committees - could be greatly expanded. Staff memberships in 

professional associations have been excluded.

(1) International Delegations and Committees 

GATT Tariff Negotiations on Cereals 

International Grains Conference 

Meeting of the Wheat Exporting Countries 

International Wheat Council 

"Kennedy Round" Trade Negotiations 

11th Session of the FAO Study Group on Grains 

FAO Council

FAO Committee on Commodity Problems 

FAO Committee of Commodity Policy 

World Food Program

Canada-U.S. Committee on Trade and Economic Affairs 

Sub-committee on Techniques 

Sub-committee on Penalties 

GATT - 24th Session 

GATT - Committee on Agriculture 

GATT - Working Party on Dairy Products 

Canada-U.S. Committee on Marketing 

U,S. Outlook Conference 1967
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OECD - Committee for Agriculture

OECD - Expert Group on Interdisciplinary Research

International Conference of Agricultural Economists

International Sugar Conference

F.A.O. Committee on Pesticide Use in Agriculture

F.A.O. Working Party on Pesticide Residues

W.H.O. Expert Advisory Panel on Insecticides

International Union of Pure and Applied Chemistry

- Pesticide Section

- Applied Chemistry Division

- Commission on Chemical Nature of Terminal Residues

- Commission on Methods of Pesticide Residue Analysis 

F.A.O./W.H.O. International Committee on Codex

Alimentarius - Pesticide Residues 

F.A.O./W.H.O. Expert Joint Meeting on Pesticide Residues 

F.A.O./W.H.O. Working Party on Pest Resistance to Pesticides 

O.E.C.D. Committee on Research Policies for Pesticides in the 

Environment

International Crop Improvement Association 

International Spring Wheat Trials, Rockefeller Foundation 

International Cereal Trials (U.S.A.)

European Brewery Convention Trials 

International Cereal Winter Nursery and Breeding 

Material Increase, Research Station, Brawley, California 

International Cereal Rust Nursery, U.S.D.A., Puerto Rica and Florida 

International Corn Trials, Indiana, U.S.A.

International Sunflower Trials, Chile 

International Wheat Genetics Symposia 

International Barley Genetics Symposia 

International Oat Work-Planning Meetings 

II.S. Flax Research Institute Meetings 

International Biological Program

International Committee on 1rrigationand Drainage



Science Policy 1145

International Seed Testing Association 

International Commission for Horticultural Engineering 

International Commission on Zoological Nomenclature 

International Congresses of Plant Pathology, Genetics, Entomology, 

Horticulture, Soil Science, Nutrition, Physiology,

Agr. Engineering, Animal Reproduction, Animal Husbandry, etc. 

F.A.O. World Association of Animal Production 

F.A.O. World Soil Map

F.A.O. Expert Committee on Integrated Pest Control 

International Hydrological Decade 

Office International des Epizootics 

Bureau of Animal Health 

(2) National and Regional Committees

AERC Coordination Committee on CANFARM Project 

The National Farm Management Committee 

Maritime Farm Management Committee

Alberta Agricultural Coordinating Sub-Committee on Economics 

Saskatchewan Farm Management Coordinating Committee 

Joint Policy Board, ARDA, for Study of Saskatchewan Census Division 

No. 16 by the Centre for Community Studies 

B.C.D.A. Farm Management Committee 

Social Sciences Lead Committee (B.C.)

Present Land Use and Socio-Economic Committee (B.C.)

Animal Science Lead Committee (B.C.)

Farm Safety Steering Committee, National Safety League of Canada

Federal-Provincial Agricultural Manpower Conference

National Committee on Research for Co-operatives

National Health Pesticides Committee

Canadian Animal Breeders Committee

Conference of Canadian Workers in Animal Pathology
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Canadian Poultry Disease Conference 

Canadian Poultry Conference 

National Swine Breeding Committee 

Research Committee on Beef Quality and Grading 

Associate Committee on Animal Nutrition 

Associate Committee on Agricultural and Forestry Aviation 

National Committee on Pesticide Use in Agriculture 

Canadian Council of Resource Ministers, Intergovernmental Advisory 

Committee on Pollution of our Environment 

Canadian Forage Seed Project 

Associate Committee on Plant Breeding 

Associate Committee on Plant Diseases 

Associate Committee on Grain Research 

National Weed Committee 

National Committee on Agrometeorology 

National Committee on Agricultural Engineering 

National Committee on Soil Fertility 

National Committee on Soil Surveys 

National Committee on Animal Breeding 

Canadian Agricultural Services Coordinating Committee 

Canadian Horticultural Council 

Ontario Vegetable Research Committee

Canadian Standards Association Committee on Safe Methods for the 

Dissemination of Pesticides 

(3) Interdepartmental Committees

Interdepartmental World Food Program Committee 

Canadian Interdepartmental FAO Committee 

Interdepartmental Committee on I.L.O. activities 

Census of Agriculture Committee 

Agricultural Outlook Committee

Privy Council Committee on Socio-Economic Research 

Interdepartmental Committee on External Aid 

Interdepartmental Committee on OECD Agriculture 

Special Committee on Anti-Dumping Legislation 

Interdepartmental Committee on Specialized Agencies
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1971 Census of Agriculture Schedule sub-committees 

Special Advisory Committee on Grain Grading and Handling 

Interdepartmental Committee on Grain Policy 

Interdepartmental Committee on Grain Elevator Ownership 

Artificial Insemination of Cattle Advisory Committee 

Poultry Industry Committee

Federal Interdepartmental Committee on Pesticides 

Canadian Interdepartmental Committee on Codex Alimentarius 

National Advisory Committee on Water Resources Research 

Interdepartmental Committee on Forest Spraying

Committee on Wheat Problems (Depts. of Agr. and Trade and Commerce) 

Defence Research Board Advisory Committee on Entomological Research 

Defence Research Board Advisory Committee on Biological Warfare Res. 

Federal Interdepartmental Committee on Pesticides 

Interdepartmental Committee (Agr. and Forestry) on Taxonomy and 

Parasite Importations

Industrial Research Assistance Committee (N.R.C. - Agriculture)

2.2.d. Review of Effectiveness, Duties and Goals

Since World War II, when thé responsibility for directing Canada's 

agricultural war effort was centralized in the CDA, responsibility for setting 

broad national goals and for assessing accomplishment has been vested in CASCC 

and its sub-committees. To supplement the work of CASCC, the federal govern

ment - with the concurrence of the provinces - appointed an Agricultural Task 

Force under the Inquiries Act in 1967, and gave it six objectives of which the 

following three are most pertinent :

- to determine and assess the farm problems confronting Canada ...;

- to examine and assess the long-term goals of agriculture and 

agricultural policy ...;

- to assess in detail various Canadian policies in regard to credit, 

research, extension, education, prices and trade.

The results of its deliberations are expected early in 1969.

Along with this examination of Canadian agricultural goals and policies, 

the CDA launched a complete review of its own aims and objectives last year by 

adopting an approach called Management by Objectives. Essentially, this is an 

attempt to articulate the aims, objectives and goals of the Department and 

each of its components, to plan and control activities to achieve them, and
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then to measure the degree of success. (In concept, it is similar to 'program 

budgeting' which is currently being introduced into the federal service by the 

Treasury Board.) Once the first 'round' of goal-setting is completed at all 

levels, it is intended that the process will become one of continual review and 

revision in association with the annual Program Review.

We do not mean to imply, in the preceding paragraph, that the CDA has 

been operating without goals, reviews and measures of effectiveness. Annual 

competition for men, money and materials has made such reviews mandatory at 

every level, but the judgements made under the 'old' system h,ave been more 

subjective than those we expect to make in the future.

In the Grain Research Laboratory, there has been a series of four Review 

Committees appointed by the National Research Council at the request of the 

Board of Grain Commissioners. In addition, there are reviews of work and 

policy at meetings of directors of research in other branches of the Depart

ment. Finally, there is a continuing internal study and review of the work 

by senior officers of the unit and the BGC.

The goals and program of the Library are under constant review by a 

Library Committee composed of the Chief Librarian and senior officers of the 

various branches served. Each branch library gets similar guidance from 

representatives of local 'user' agencies.

Review procedures in the three remaining units are similar but not 

identical with one another. Generally speaking, top management distils a 

sense of direction from the current and potential problems of agriculture as 

enunciated by governments, universities, farm organizations, agri-business, 

and the 'agricultural community'. This direction is usually discussed, in 

general terms, with lower levels of management and research staff at work

planning meetings. Projects are than developed by research staff, proposed 

to management, and matched - by management - against the gaps in knowledge 

revealed by the problems to be solved. Those that meet the requirements arc 

approved, initiated and monitored by senior officers of the units concerned 

(see 2.7.1 and 2.7.2).
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2.2.e. Outside Studies to Improve Operating Procedures

Three 'outside* studies have been commissioned during the past five

years :

- Price Waterhouse and Co. Ltd, in 1963-64 conducted a 6-month financial 

management study to test the feasibility and propose means of imple

menting Glassco Commission recommendations on financial management. 

Following this study, fundamental changes in program evaluation, 

resource allocation reporting, accounting and auditing procedures

have been introduced in the interest of improved management of research 

activities. Approved by T.B. 618341 of November 21, 1963 - $118,000.

- Peat, Marwick, Mitchell and Co. in 1966 conducted comprehensive study 

to identify and assess the data processing and computational require

ments of the Department for the next five years and to recommend the 

appropriate computer system, data processing facilities, staffing and 

services to meet these requirements. Subsequent acquisition of compu

ter hardware have substantially improved the Department's capability in 

scientific analysis. Study approved by T.B. 658559 April 21, 1966 - 

$35,000.

- Agriculture Task Force. An Economic Task Force engaged in 1967 is now 

assessing many aspects of Canadian Agriculture including research, but 

with particular emphasis on farm income and productivity, with the 

objective of projecting national agricultural goals and recommending 

policies to meet them. The project, originally approved with a budget 

of $688,000 will continue into 1969 and incur an estimated total 

expenditure of $900,000.

In addition, a number of studies have been made by the CDA's own manc.gement 

consulting group : Management Services, Financial Administration Branch. T t 

provides analytical and advisory services and assists in implementing manage

ment improvement policies in all areas of administrative work. The Division 

is staffed by specialists and general management analysts who conduct studies 

and make recommendations on a wide variety of problems affecting matters such 

as organization, work measurement,electronic data processing, financial and 

other systems, forms control and design, records management, communications 

and office layout.
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2.2.f. Responsibilities and Powers in Relation to Activities and Programs

Since oUr statutory powers are broad and our responsibility, as we see 

it, is to ensure that Canada has a well coordinated and well managed research 

program adequate to maintain its agriculture as a healthy and progressive 

industry, any comment on this relationship may be, in effect, a comment on 

the inadequacies of our program.

Various measures of adequacy can be used:

- our degree of success in maintaining a healthy and progressive 

industry, assuming that this is possible through the application 

of science;

- the nature, number and magnitude of persistent unsolved farm problems, 

again assuming that they can be solved by the application of science;

- the extent to which an increase in research resources would 'pay off' 

in benefits to farmers and the nation;

- the extent to which improved management of existing resources would 

provide greater total 'pay off'.

Canada agriculture is unquestionably progressive, but not progressive 

enough. According to the Economic Council of Canada

"(The) ... rate of increase of labour productivity in agriculture over 

the past two decades has been considerably greater than in other sectors 

of the economy. However, average farm incomes have remained signifi

cantly lower than average nonfarm incomes. There are two basic reasons 

for this persistent disparity. First, given the initial wide gap 

between the levels of average farm incomes and average nonfarm incomes 

in the early post-war period, a substantially faster rate of income

generating productivity growth is required in agriculture, merely to 

prevent a widening of this disparity. For example, on the assumption 

that the average level of productivity in agriculture is only half of 

that in the rest of the economy (an assumption which, on the basis of 

available information, is roughly in line with the actual situation), 

it would require a rate of productivity growth of 4j per cent per year 

in agriculture to prevent, over a 20-year period, a widening absolute

disparity, with the rest of the economy growing at a rate of only 2\

,,13/per cent per year."—

—/ The Challenge of Growth and Change, Fifth Annual Review of the F.conomic 
Council of Canada, September 1908, pp. 82-83.
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Until these gaps in productivity and income are closed, we must conclude that 

agriculture can not be pronounced healthy and that our scientific program may 

be wanting either quantitatively, qualitatively, or both.

Although we have made tremendous progress, especially in the technology 

of production and quality control, agriculture faces a host of serious, 

persistent and costly problems associated with

- long-term changes in demand for agricultural products;

- income instability owing to weather, pests and diseases, and short-run 

changes in demand and supply;

- rapid changes in industrial technology;

- rural education and farm management.

Let us take a case in point. During the past 10 years, income and price 

stabilization programs undertaken by this Department have cost Government

$527 million of which almost $400 million has gone into the dairy industry 
14/alone.— These are greater than our total expenditure on R § D during the 

same period. We can not say with certainty that these expenditures wduld 

have been avoided and our R § D effort been either greater or distributed 

differently, but we do believe that much more effort should be directed 

toward foreseeing such problems, understanding their basic causes and de

signing policies to promote quicker shifts to alternative production programs 

on the farm.

If we adopt the 'pay off' concept as a criterion of adequacy, we can 

fairly claim that very large increments of investment in agricultural R 5 D 

would be required before they would begin to exceed the resulting incremental 

benefits. However, since resources are limited, the fundamental question for 

science policy-makers is how to obtain the largest aggregate return for each 

additional research dollar. This problem, which is a problem of research 

management, is one of the most important we are now trying to solve.

2.2.g. Major Hindrances to Effective Performance

(i) The B.N.A. Act:- In outlining the role of the CDA, we have taken 

care to explain the machinery of peace-time cooperation between federal and 

provincial jurisdictions and to note that the machinery is performing effec

tively. Yet we would be less than candid if we did not also admit that the

ITT— During the period April 1958 to March 1967. Source: Annual Report of 
the Agricultural Stabilization Board, 1966-67.
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current federal ^system is a ponderous one, making a concerted, coordinated 
attack on most agricultural problems extremely difficult.—^ Since the 

provinces share responsibility for agriculture and have full responsibility 

for both education and intra-provincial trade, active provincial cooperation 

is required before the CDA can achieve most of its aims.

(ii) Terms of Reference:- In a preceding section we have indicated 

the extent of actual and potential cooperation among federal departments and 

agencies with inter-related responsibilities. We believe that cooperation 

could be improved by clearer definitions of the roles of the CDA and other 

federal departments and agencies whose programs directly affect agriculture.

(iii) Service Work:- In some of the research units, the pressure of 

ad hoc investigations, service work and extension activities seriously inter

feres with research. As this type of work usually rates high priority, 

research tends to be a start-stop operation which is not conducive to output. 

The net result is that, in some units, fundamental studies are often put 

aside indefinitely even though they are likely to have greater impact on the 

agricultural economy. In other words, there is too little correlation between 

the important and the urgent. For example, the Glassco Commission commented 

on the situation in the Economic Branch as follows:

"In the Department of Agriculture, with the largest economic 

analysis organization in the government, the pressure of ad hoc projects 

is so great that virtually no economic research is done, although the 

agriculture economy has undergone profound change in recent times and a 
fundamental understanding of the process is absolutely vital."—^

While this is an over-statement of the problem, it is nevertheless accurate 

in principle. Unfortunately, there has been no appreciable improvement in 

the situation since that time.

—/ in order ... (to) truly grasp the tremendous scope of federal-
provincial relationships, I will add that in 1950, at the request 
of ,thc Privy Council Office, I made a summary of existing federal- 
provincial co-operative arrangements which covered more than fifty 
pages." Pierre Elliot Trudeau, Federalism and the French Canadians,
1968, footnote to page 136.

—^ Royal Commission on Government Organization, 1962, Vol. 3, p. 27.
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(iv) Shortage of Trained Staff:- There are inadequate training 

opportunities at Ph.D. level in Canadian universities in specialized fields : 

pesticide chemistry, natural products chemistry, soil chemistry, soil micro

biology and agricultural economics. The shortage of agricultural economists 

is especially critical.

"The principal factor limiting the role of economists in agricultural 

research is the availability of well trained agricultural economists. For 

interdisciplinary research programs where new ground is still to be broken 

and disciplinary biases overcome, it is essential that the pioneering 

economists be well trained in their own discipline and have a healthy 

respect for those other disciplines with which they are collaborating.

The increased demand for agricultural economists is being reflected in 

an increasing proportion of graduates of agricultural colleges at the 

bachelor's level selecting agricultural economics as their career. In 

the United States, where most Canadians still go for a Ph.D. degree in 

agricultural economics, the number of Ph.D's. graduated in this field 

has more than tripled since 1938-39. In spite of this continuing increase 

in the number of Ph.D's. in agricultural economics being turned out by 

U.S. universities, there is probably a keener competition for trained 

agricultural economists today than for any other professional specialty.

The shortage of trained agricultural economists is, therefore, the 

crucial factor which sets definite limits to the over-all contribution 
which agricultural economists can make to agricultural research"^

Factors other than supply shortage also affect our ability to attract 

high quality scientists. Insufficient financial reward and prospects of 

advancement are discouraging to scientists in government employ. Complex and 

restrictive administrative regulations in government procedures detract from 

the freedom and prestige that scientists expect and receive in the university 

environment. Although new laboratory buildings are being provided, many^ of 

our research establishments are still housed in antiquated and crowded quarters. 

Professional recruits, newly-trained in the use of modern, sophisticated instru

mentation at the university, arc expected to conduct effective research with 

out-dated equipment, and the quality and efficiency of their research suffers.

— Extract from The Role of economists in Agricultural Research, Dr. S.C.
Hudson, Director-General, Economics Branch, Canada Department of Agriculture, 
a paper presented to a seminar of the Agricultural Research Study Group, 
Science Secretariat, March 6, 1967.

29370—8
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Many small laboratories, established to cope with the numerous local and 

regional problems, have resulted in the scientific and social isolation of 

staff. Inadequate scientific conference attendance funds do not permit 

compensation for scientific isolation. No compensation for increased local 

cost of living or schooling is permissible. All these difficulties contribute 

to the disenchantment of our staff members and are reflected in the large 

turn-over of our most effective and most promising scientists.

(v) Staff Immobility:- Insufficient compensation for financial losses 

associated with transfer impedes the movement of staff required to meet the 

needs of program changes. Local political pressures frequently obstruct the 

geographic relocation of staff and facilities required for operational 

efficiency and priorities of program.

(vi) Budgetary Fluctuations:- Long range planning and assurance of 

continuing support are essential to effective research. In a department 

where fixed legislative and regulatory responsibility must take precedence 

over research, the annual budgetary fluctuations imposed by governmental 

fiscal policy is usually absorbed by adjustment of research expenditures.

2.2.h. Changes in Organizational Functions

No major reorganization of the Department is in prospect. During the 

last reorganization, in 1959, the Research Branch decentralized its organi

zation and consolidated many establishments to provide a better interdisci

plinary approach. The organization of the Economics Branch has been the 

subject of a recent study by the Organization Division of the Public Service 

Commission. The report has been received by the Department, and, although no 

final decisions have been made yet, some of the following changes in emphasis 

will apply to it as well as to other units involved in research.

(i) Interdisciplinary Research:- Empli asis on interdisciplinary 

research will be increased through the adoption of an inter-branch team 

approach to the measurement and solution of agricultural problems.

"There has ... been a lag in the integration of research 

projects on an interdisciplinary basis between technical scientists 

and economists. In recent years much greater interest in inter

disciplinary research with the economist has been expressed by the 

technical scientist ...

"The current needs, and those of the future, call for continuation 

of this trend toward closer collaboration in depth involving the joint
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design and carrying out of research projects. Such collaboration will 

involve the economist in work in the laboratory and the technical 

scientist in surveys on farms and in the economist’s production functions 

and econometric models in a joint search for solutions to farm problems. 

It will also involve the economist in interpreting and in selling the 

results of agricultural research to farmers based on the impact of that 
research on net farm income."—^

(ii) Program Evaluation:- In line with the current emphasis on 

management improvement through Management by Objectives, Program Budgeting 

and other tools, it is likely that a ’program analysis’ unit will be estab

lished to develop techniques and procedures for applying cost-benefit analysis 

to departmental policy programs and the allocation of research funds. Sub

sequently there will be a requirement for evaluating programs and activities. 

This type of work has been started by the Economics Branch but no final 

decision on location of such a unit has been made.

(iii) Consolidation of Establishments:- The current policy of 

consolidating the small, isolated, poorly-equipped research stations into 

larger units will continue as provincial governments and universities take 

over research on local problems.

(iv) Research in Quebec:- The program of research in Quebec will be 

expanded as rapidly as possible, taking into account the initial shortage of 

French-speaking scientists. According to Philippe Gariguc,

"Il existe un décalage extrêmement important dans les pourcentages : 

si les Canadiens-français sont près de 30% de la population totale

du Canada, ils sont moins de 10% de la communauté scientifique 
19/canadienne."—

Now that the CDA has initiated the establishment of a major research station 

at Laval University, there are prospects of correcting this imbalance (in 

agricultural R and D) by close collaboration between station and university 

and through CDA's extra-mural research program.

(v) Relations with Universities:- We envisage closer working 

relationships through CASCC with universities across Canada. More emphasis

—^ Extract from The Role of Economists in Agricultural Research, S.C. Hudson, 
formerly Director-General, Economics Branch, C.D.A.

19/
— Philippe Gariguc, La Recherche au Quebec et le Problème Constitutionnel, 

Science Forum, Volume 1, Number 2, April 1968, p. 18.

29370—8 A
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will be placed on joint research projects, especially basic research, not 

only as a means of using existing expertise in the universities but also 

to bolstër the training of student scientists.

(vi) Animal Research : - We envisage some redistribution of R and D 

effort in favour of the animal sciences. Both the Glaesco Commission and 

the Economic Council of Canada have suggested that this area of research 

needs more attention.

(vii) Farm Management:- The CDA plans a substantial step-up in 

research, development and assistance in farm management.

(viii) External Aid:- In accordance with government policy, the CDA 
plans to expand its assistance to the "developing" countries t>y offering more 

opportunities for on-the-job scientific training, and by lending more scien

tists for technical assistance missions. It seems likely that there will also 

be some changes in the character of such assistance, for example, lending 

teams of scientists may increasingly replace lending of individuals and con

sideration is being given to the team approach in temporarily staffing schools 

of agriculture in the universities.
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2.3. Personnel Po1icies

2.3. a. Uni versity Recruitment

Initial contact with prospective recruits for research positions is 

usually achieved by one of the following means:

1. Employment of university undergraduate or postgraduate students as 

summer student assistants under the Career Introduction Program.

2. Employment of students by faculty members under CDA Operating Grants 

or Extramural Research Contracts.

3. Personal contact with university faculty members.

4. Personal contact between CDA scientists and university students at 

meetings, conferences, or seminars, or during visits to the university.

5. Unsolicited inquiries or applications to staff scientists, to the 

Branch, Department or Public Service Commission.

6. University recruitment by the Public Service Commission by advertise

ment in Canada and abroad.

7. University recruitment by teams organized by the Public Service 

Commission and including staff members of CDA Personnel Branch and scientists 

of CDA research units. These teams visit universities in Canada, U.S.A., and 

Europe, make known our staff requirements and opportunities, and interview and 

evaluate potential recruits. During these operations, close liaison is 

maintained with other government departments with similar professional 

requirements.

University recruitment, at the highly specialized level with which we are 

concerned, is sophisticated and competitive. Special problems arise when direct 

competition with industry is involved in fields where there is a shortage of 

qualified specialists. Another special problem is posed by the need to recuit 

bilingual scientists, preferably Canadians, who can only be located at one or 

two universities. The staffing of research stations in rural areas is often 

difficult.

2.3. b. Criteria for Prediction of Research Ability

No unique criteria have been developed to help identify those who will 

become creative and effective researchers. Initially, the personal assessment 

of the faculty head or scientist under whom graduate research was conducted is 

obtained. This evaluation will be weighed by the reputation of the supervising
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faculty member which is reflected in the calibre of his students. The grades 

obtained by the student and the quality of the thesis research, as well as 

references from other qualified scientists, are examined. Subsequent employ

ment on a probationary basis for one year or longer permits a first-hand 

assessment of the new employee. Finally, annual appraisal of every scientist 

is carried out for purposes of merit increase and is based upon the quantity 

and quality of research productivity during the year. This appraisal is made 

at all levels, from the immediate supervisor, section head, station director, 

research coordinator and executive committee.

2.3. c. Potential as Research Administrators

It is difficult to apply the necessary criteria for administrators to 

productive scientists. Productivity in a research scientist is a fair measure 

for professional appraisal but does not necessarily provide an indication of 

administrative potential. On the contrary, the introspective character of the 

research activity probably attracts individuals less inclined to the gregarious 

demands of the managerial function. Outstanding research and administrative 

competence is a rare combination.

It is possible to assess the administrative potential of research personnel 

only by their performance in progressively higher administrative positions and 

this has been the procedure adopted. During the course of this progression 

every opportunity is provided for administrative training intramurallv and 

through formal courses made available by the Public Service Commission or 

special courses at universities. Occassionally it has been possible to utilize 

an administrative vacancy as a test situation by making an acting appointment.

2.3. d. Research Administrator vs. Research Scientist

The promotional system is the same in principle for both Research Managers 

and Research Scientists. Departmental and Interdepartmental committees annually 

appraise performance on which to grant merit increases but different criteria 

must obviously be applied; for the Research Manager, general performance is 

taken into account, for the Research Scientist productivity measured in terms 

of research publication is the paramount factor.

For the Research Manager or Administrator the level of his grade is fixed 

by point rating relative to the responsibilities of the position. His advance

ment within the grade is determined by annual evaluation of his performance.

To advance to a higher grade, he must move to a position of higher responsibility.
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l'or the Research Scientist advancement within a grade is based on annual 

assessment of his*research productivity and between grades on his accumulated 

scientific contribution and status in the scientific community. In other 

words there are no barriers to steady progression through the Research 

Scientist grades.

Salaries of the two groups are as follows :

Research Manager, Grade 1: $ 11,034 to $18,000

2: $15,999 to $20,900

3: $18,757 to $24,100

Research Scientist 1: $10,200 to $11,249

2: $11,034 to $16,999

3: $15,999 to $19,747

4: $18,757 to $22,757

2.3.e. Intramural and Extramural Education and Training for Research

Scientists and Administrators.

The following programs are available in this context for Scientific 

and Managerial training. In addition, 10-15 postdoctoral transfers are granted 

each year, with travel expenses paid by the Department.

1. Managerial and Supervisory Programs 

Career Assignment Program (C.A.P.)

Departmental Executive Development Program 

Management Development Program (P.S.C.)

Departmental Management Information Programs 

Management Improvement Courses (P.S.C.)

Language Training and Bicultural Program (P.S.C.)

Outside Seminars

In-House Conferences 

Data Processing Courses 

P.S.C. Specialized Courses 

Departmental Program, General

2. Training and Development Policies

( 1 ) Educational Leave - Professional Staff

This is a program to provide academic training, full time, to carefully 

selected officers so that the Department can meet special manpower require

ments that cannot be met by recruitment from outside the Public Service.
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Nearly 30 C.D.A. officers will attend university in 1968-69 under this 

program and will receive financial support varying from a half-pay allowance 

to three-quarters pay allowance to full-pay allowance. Tuition and trans

portation costs of participants are also paid.

Educational leave without pay is occasionally granted to an employee 

who has given about average service to the Department and who wishes to 

undertake academic training.

( 2 ) Educational Leave - Non-Professional Staff*

In addition, arrangements exist for the granting of educational leave 

for non-professional staff, as well as partial reimbursement of tuition for 

members of the Branch who successfully complete evening or correspondence 

courses (T.B. Minutes 620135 and 620135-1).

*Non-professional may be broadly defined as employees who do not have 

university degrees.

(3) Time Off Duty for Academic Training

A departmental program provides managers with a vehicle for training 

of employees to meet special operating needs. Managers may apply for 

authorization to allow an employee to take up to eight (8) hours of training 

a week during normal hours of work.

The employee remains "on duty" and receives full pay, but cost of 

tuition, books, or transportation is not paid for by the Department.

This program has proven useful in providing employees with special 

technical knowledge and skills.

(4) Conference Attendance

Though conference attendance is not usually considered a training or 

development activity, it is included in this summary of programs because 

conferences among other things do contribute to employee education and is 

so considered by Treasury Board.

The Department in 1968-69 will spend over $200,000 (See Section 2.8.4.) 

on conference attendance (travel, subsistence and registration costs only). 

Conference policy is dictated by Branch needs and conference attendance 

policy is developed by Branches subject to the Deputy Minister’s approval.

Conference attendance is seen as a vehicle for the up-dating of 

knowledge, the development of professional relationships and for the exchange

of information.
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There has been an increase in recent years in the number of non- 

scientific officers participating in managerial development seminars and 

conferences.
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2.4. Distribution of Activities 

2.4.a. Regional Distribution of Operating Funds

Table 2.4.a.1. - presents a detailed summary of the Department's financial 

allocation for operational expenses for research during the fiscal year 1967-68. 

It shows the funds available to each establishment of each of the five units 

within each province. It is based exclusively on geographic location of 

establishments and not on function.

If it is intended to show how spending pattern is related to local or 

regional responsibilities of research, then one must recognize that certain 

establishments, notably in the Ottawa-Hull area, have a national rather than 

regional responsibility. Their research problems are of the general rather than 

specific type and likely to provide background information applicable in many 

regions. It is not suggested that the national establishments are exclusively 

concerned with basic research programs but it would be equally incorrect to 

assign them to represent a provinca 1 effort. Conversely, regional establish

ments are not restricted to a program of applied research if it is necessary to 

the solution of a regional problem to undertake research in depth. Their 

responsibility is, however, circumscribed by regional or local requirements.

A more revealing indication of regional activity, as contrasted to 

nationally directed effort, may be obtained if the establishments within the 

Ottawa-Hull area (excluding the Ottawa Research Station), London Research 

Institute, Belleville Research Institute, the Grain Research Laboratory at 

Winnipeg, and the Animal Pathology Division at Grosse Ile are not assigned to 

their respective provincial quotas. This has been done in the summary presented 

in Table 2.4.a.2. These are establishments concerned with national programs.

It will be noted from Table 2.4.a.2. that regional expenditures represent 

62% of total operating funds and national expenditures 38%. It will also be 

noted that the Atlantic Provinces, Ontario, and British Columbia receive about 

9 to 10% of the funds, whereas the Prairie Provinces are allocated 27% and 

Quebec 6%.
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Table 2.4.a.1.

Oeogranhic Spending Pattern of 1967-68 Operating Funds,

Intramural
$

Extramural
$

Tot a 1 
$

Newfoundland

Research Branch
St. John's West

Prince Edward Island

322,559 322,559

Research Branch 
Charlottetown
Summerside
Grants

Departmental Library

646,421
47,585

5,390
8,500

699,396 8,500 707,896

Nova Scotia

Research Branch
Kéntville
Nappan

Economics Branch
Truro (Maritimes) 

Departmental Library

1,038,451
365,972

32,615
7,493

1,444,531 1,444,531

New Brunswick

Research Branch
Fredericton

Animal Pathology Division 
Sackville

Departmental Library

1,267,503

109,386
18,194

1,395,083 1,395,083

Quebec (except Hull) 3,870,069

Research Branch
Caplan
L'Assomption
Lennoxville
Normandin
Quebec
La Pocatiere
St. Jean
Grants

Animal Pathology Division 
Grosse Ile
Macdonald College 

Departmental Library

42,983
238,691
612,762
195,655
79,788
550,728
457,945

112,179
67,592
14,171

130,985

2,372,494 130,985 2,503,479
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Geographic Spending Pattern of 1967-68 Operating Funds fCont ’d~)

Intramural Extramural Total 
$ $ ~1

Ottawa-HuU

Research Branch
Branch Administration 2,660,283
Research Services 774,912
Research Institutes 6,166,216
Grants 28,900

Economics Branch 989,846
Animal Pathology Division
Division Administration 339,267
Hull Laboratory 911,233

Departmental Library 396,594

12,238,351 28,900 12,267,251

Ontario fexcept Ottawa Headquarters)

Research Branch
Belleville 713,315
Chatham 49,237
Delhi 317,128
Fort William 42,953
Harrow 917,078
Kapuskasing 268,522
London 841,774
Ottawa 1,081,155
Smithfield 187,144
Vineland 500,858
Grants 158,205

Animal Pathology Division
Guelph 35,480

Departmental Library 68,871

5,073,515 158,205 5,231,720

Manitoba

Research Branch
Brandon 635,691
Morden 446,600
Winnipeg 1,083,221
Grants 78,000

Animal Pathology Division
Winnipeg 31,863

Board of Grain Commissioners
Grain Research Laboratory 554,388

Departmental Library 25,842

2,777,605 78,000 2,855,605
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Geographic Spending Pattern of 1967-68 Operating Funds (Cont'd)

Intramural Extramural Total
$ $ i

Saskatchewan

Research Branch
Indian Mead 263,057
Melfort 376,927
Regina 280,714
Saskatoon 970,411
Scott 177,883
Swift Current 1,187,967
Grants 93,660

F.conomics Branch
Regina (Prairies) 150,266

Animal Pathology Division
Regina 36,696

Departmental Library 36,077

3,479,998 93,660 3,573,658

Alberta

Research Branch
Beaverlodge 530,323
Fort Vermilion 97,125
Lacombe 847,195
Lethbridge 2,641,691
Grants 59,600

Animal Pathology Division
Lethbridge 272,047

Departmental Library 21,079

4,409,460 59,600 4,469,060

10,898,323

British Columbia

Research Branch
Agassiz 594,907
Kamloops 354,431
Prince George 230,462
Saanichton 291,177
Summerland 1,078,599
Vancouver 592,145
Grants 66,900

Economics Branch
Vancouver 67,923

Animal Pathology Division
Vancouver 102,996

Departmental Library 42,867

3,355,507 66,900 3,422,407
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Geographic Spending Pattern of 1967-68 Operating Funds (Cont1d)

Intramural Extramural Total
$ $ $

Territories

Research Branch
Fort Simpson 40,542
Mile 1019, Alaska Hwy. 66,921

107,463 107,463

GRAND TOTAL 37,675,962 624,750 38,300,712

Table 2.4.a.2. CDA Regional/National Spending Pattern of 1967-68 
Operating Funds for Research

AREA
RESEARCH
BRANCH

$

ECONOMICS
BRANCH

$

ANIMAL
PATHOLOGY

$
LIBRARY

$

GRAIN
RESEARCH

LAB
$

TOTAL
$ O.

Nf Id. 322,559 322,559 0.8
P.E. I. 702,506 5,390 707,896 1.8
N.S. 1,404,423 32,615 7,493 1,444,531 3.8
N.B. 1,267,503 109,386 18,194 1,395,083 3.8

Atlantic 3,696,991 32,615 109,386 31,077 3,870,069 10.0

Quebec 2,309,537 67,597 14,171 2,391,300 6.2

Ontario 3,522,280 85,480 68,871 3,676,631 9.6

Manitoba 2,243,512 31,863 25,842 2,301,217 6.0
Saskatchewan 3,350,619 150,266 36,696 36,077 3,573,658 9.3
Alberta 4,175,934 272,047 21,079 4,469,060 11.6

Prairies 9,770,065 150,266 340,606 82,998 10,343,935 27.0

British
Columbia 3,208,621 67,923 102,996 42,867 3,422,407 8.9

Territories 107,463 107,463 0.3

Regiona1 22,614,957 250,804 706,060 239,984 23,811,805 62
National 11,185,400 898,846 1,362,679 396,594 554,388 14,488,907 38

Total 33,800,357 1,240,650 2,068,739 636,578 554,388 38,300,712
88.3% 3.2% 5.4% 1.7% 1.4%
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2.4 . h. a ntl c. Rcgi onal Research Programs

Few countries in the world have the geographic variability of Canadian 

climate and soil and the special problems imposed by our northern latitude.

To these, add the economic problems of long distances from markets, high 

level of population dispersion, and proximity of competing producers with 

climatic, technological and economic advantages.

CDA research resources allocation has attempted to meet the multiplicity 

of producer problems which can in most cases, be dealt with only in the area 

in which they occur. For example, certain crops can only be grown in certain 

areas. Tobacco, soybeans, corn, sugarbeets, winter wheat, sunflower, peaches, 

cherries, plums, grapes, etc., are restricted to the more temperate regions. 

Even those crops with broad geographic adaptibility require more or less 

narrowly specialized varieties to realize maximum efficiency of production, 

whether this specialization is a response to climate or soil demands, or both. 

Varietal specialization may be necessitated by regional problems associated 

with pest or disease control, cultural practices or management.

The distribution of establishments of the Research Branch and programs 

assigned to each is shown in 2.l.c., and a detailed listing of projects by 

establishments is given in 2.9.1. In recent years the policy of regional 

organization has been to centralize research resources in fewer, larger 

establishments while maintaining smaller satellite stations for local field 

and laboratory experimentation. Where problems common to two or more 

establishments within a region or between regions can not justify duplication 

of research effort, decisions have been taken to designate responsibility to 

one station conditional on an equitable distribution of programs between 

establishments. These decisions have not been taken arbitrarily, but have 

followed the processes of consultation and evaluation as indicated in 

sections 2.2 and 2.7.

For example, the occurrence of potato wart disease and golden nematode 

in Newfoundland, and the threat of their spread to the mainland potato areas, 

dictated the need for research at the St. John's West Research Station. The 

problem of bringing the relatively extensive bog areas of Newfoundland into 

agricultural productivity could only be undertaken in the area.

The importance of the potato industry to the Maritime Provinces 

logically resulted in the development of a breeding program at Fredericton,
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assigning at the same time major responsibility for research on soils and 

forage crop production to Charlottetown. The tree and small fruit produc

tion areas of the Annapolis Valley dictated that responsibility for research 

on these crops should be carried by the Kentville Research Station.

The mineral and organic soils of the southwestern area of Quebec 

and proximity to Montreal markets logically require that vegetable and truck 

gardening crops research should be located at the St. Jean Research Station. 

Here, too, is the centre of a large apple production area.

The lower St. Lawrence area is particularly concerned with forage crop 

production and responsibility for research on these crops, including research 

on their soils, has been assigned to the new station at Quebec City, with 

auxiliary responsibility at La Pocatiere, Caplan and Normandin.

The intensive early vegetable crops, glasshouse crops, processing field 

vegetable crops, and fruit crops, characteristic of Essex and Kent counties of 

southwestern Ontario requires the research attention of the Harrow Research 

Station.

The specialized tobacco crop area in southern Ontario has been 

efficiently safeguarded by the program of the Delhi Research Station.

In the Niagara Peninsula, responsibility for pest and disease control 

of fruit trees and grapes has been given to the Vineland Research Station, 

while other horticultural research responsibility is assumed by the Ontario 

Department of Agriculture Research Institute at this location.

It is to be expected that research on crops of southern Manitoba such 

as flax, sunflower, vegetables and fruits should be a responsibility of the 

Morden Research Station and that cereal research for the eastern prairies be 

assigned to the Winnipeg Research Station and for the western prairies to the 

Lethbridge Research Station.

The irrigated and milder areas of southern Alberta where crops such as 

winter wheat and vegetables can be studied is the area in which research on 

these crops should be located and the Lethbridge Research Station has 

responsibility.

The Beaverlodge Research Station, with satellite stations at Fort 

Sijnpson, Prince George, Fort Vermilion and Mile 1019 on the Alaska Highway, 

is strategically located to cope with the problems of northern agricultural 

development such as forage crop breeding and seed production.
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The unique orchard production of the B.C. Interior presents special 

problems which are dealt with by the Summerland Research Station in the 

Okanagan Valley.

The Vancouver Research Station has special responsibility for the 

problems of potato, small fruit, and vegetable crops for the Lower Fraser 

and Delta areas.

It is to be expected that research on ornamental crops should be 

located at the Saanichton Research Station in the centre of bulb and cut 

flower production on Vancouver Island.

Animal production problems, including those of poultry, beef and dairy 

cattle, swine and sheep, are less likely to be affected by regional conditions 

and major concentration on research has been centred at the Animal Research 

Institute and the Animal Diseases Research Institute in Ottawa and Hull, 

respectively. Many other research station, however, participate in the 

animal research programs.

For a more detailed and complete tabulation of regional research 

responsibility areas, please refer to Section 2.1.c.

One cannot escape the conclusion that agricultural production and 

the problems associated with it are intimately related to regional condi

tions and limitations. To cope with this wide spectrum of research demands 

the Research Branch alone maintains 27 research stations, 14 experimental 

farms and 17 substations and specia-l units.

2.4. d. Contribution to Regional Development

For an account of the contribution that CDA research has made to 

regional development, refer to section 2.8.9 and 2.8.10.

2.4. e. Cost/Benefits of Regional Distribution

In the regional allocations of CDA research resources it must be 

remembered that the present distribution represents the result of 80 years 

of organizational evolution, influenced by many factors and considerations 

such as historical, political, sociological, physical and biological. Not 

the least of these, of course, is the number and variety of problems to be 

resolved and the economic returns to be realized. Admittedly, many of the 

decisions were intuitively made, without benefit of current managerial tech

niques. But even the most sophisticated planner would be hard pressed to 

establish numerical values for political and sociological determinants.

29370—9
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The present distribution of CDA research establishments is justified 

upon two major considerations; (a) the centralization of national programs 

in large establishments to take advantage of multidisciplinary capabilities 

and the financial economy of shared facilities and, (b) the decentralization 

of regional research stations and their satellite sub-stations, experimental 

farms and special units, in order to cope with problems which can only be 

investigated locally. Decentralization may be more costly but there is little 

choice available. There are other benefits or advantages to be gained by 

maintaining regional stations in that a closer relationship with the agri

cultural community is fostered. The problems of the growers are brought to 

the attention of the researcher, very often on a personal basis, and conversely, 

the researcher can communicate directly information required by the grower.

There is established a sense of personal involvement and interest of the 

grower in the research activities of the local research establishment.
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2.5 Personnel Associated with Scientific Activities

2.5. a. Current Personnel Establishment and Strength

Table 2.5.a.1: CDA strength as of Aug. 10, 1968, was 9,506.

Of this number, 3,948 are engaged in research activities or in support of 

these activities. Thus, 41.5% of the Departmental strength is associated 

with scientific activities.

Table 2.5.a.2: Summarizes the distribution of personnel associated 

with scientific activities by units. It shows that of the total establish

ment positions (4,620) about 85% (3,948) are filled; of the scientific and 

professional positions about 91% are filled (1,083 of 1,187).

Of the total number of positions (4,620) about 26% (1,187) are allocated 

for scientific and professional staff. Thus for every scientific and 

professional individual there are three people required in administrative, 

operational, and technical support functions. While a ratio of 1 to 3 for 

scientific to support staff may appear to be high, one must take into account 

that a considerable part of the research in the Research Branch involves field 

experimentation which has a substantial requirement for technical and opera

tional staff. Furthermore, the large number of research establishments across 

the whole of Canada means that a greater maintenance and operational staff is 

required compared with a centralized establishment.

Table 2.5.a.3: A summary of Postdoctoral Fellows, who have held 

fellowships in CDA establishments during the period 1962-63 to 1968-69 and 

their nationality.

2.5. b. Number of Professional Staff in Administration

Table 2.S.b.: Shows that about 11% of professionals serve in adminis

trative functions. Of the scientific staff about 9% devote most of their time 

to administration. Here again the regional dispersion of establishments 

necessitates a large commitment of research staff to administration, mainly 

in the function of research management.
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2.5.a.1 TOTAL STRENGTH CDA/TOTAL STRENGTH RESEARCH (FULL TIME ONLY) - AUGUST, 1968

CATEGORIES CDA RESEARCH RESEARCH STRENGTH
AS % OF

TOTAL STRENGTH

EXECUTIVE 14 4 28.S

SCIENTIFIC AND PROFESSIONAL 2097 1083 51.6

ADMINISTRATIVE AND FOREIGN SERVICE 331 47 14.1

TECHNICAL 3105 964 31.0

ADMINISTRATIVE SUPPORT 1672 743 44.4

OPERATIONAL 2287 1377 60.2

9506 3948 41.5
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2.5.a.2 CDA RESEARCH UNITS, CURRENT PERSONNEL ESTABLISHMENT AND STRENGTH (FULL TIME ONLY) - AUG. 1 1968

CATEGORIES LIBRARY ECONOMICS
BRANCH

RESEARCH
BRANCH

ANIMAL
PATHOLOGY

GRAIN RESEARCH 
LABORATORY

TOTAL
POSI
TIONS

TOTAL
STRENGTH

Pos. Str. Pos Str. Pos. Str. Pos, Str. Pos. Str.

EXECUTIVE - - 1 1 3 3 - 4 4
SCIENTIFIC
AND
PROFESSIONAL 37 28 76 67 987 920 67 54 20 14 1187 1083
ADMINISTRATIVE 
AND FOREIGN 
SERVICE 2 2 39 42* 3 3 1 45 47
TECHNICAL 2 4* 12 6 977 830 99 85 42 39 1132 961
ADMINISTRATIVE
SUPPORT 68 56 47 47 374 340 21 22* 519 473
OPERATIONAL - 1652 1305 81 72 - " 1733 1377

107 88 138 123 4030 3440 271 236 72 61 4620 3948 +

•POSITIONS ON LOAN FROM OTHER ESTABLISHMENTS
•DOES NOT INCLUDE 23 POST DOCTORATE FELLOWS. See Table 2.S.a.3.

4
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Table 2.5.a.3. CDA Postdoctoral Fellows, 1962-1968

(a) Location 62-63 63-64 64-65 65-66 66-67 67-68 68-69 TOTAL

E. R.I.
A.R.I.
C.B.R.I.
London
S.R.I.
Ottawa
Winnipeg
Lethbridge
F. R.I.
Saskatoon
P.R.I.
Belleville
Grain Res. Lab.
Vancouver
Fredericton
A.C.R.S.
Vineland
Harrow
Kentville
Summerland
Lacombe

1 3 1
3 3 3
3 1 2
3 - 1
2 2 2
2 - 1

1 1
2 - 1

2 1
1

1 - 1

1 1
1 1

1 1
1

2 2 
1

1 1 
2 2 
1 1 
1 2 
1 1 
2 1 

1
1 1 
1 1 
2 
1 
1
1 1

1

2 2 
2

2 2 
2 2 
1 1 
1 2 
2 2
1 1 
1 2 
1

1
1

1 1 
1 
1

1
1

1

13
12
12
12
10
9
8
6
6
6
5
S
4
4
4
3
2
1
1
I
1

YEAR TOTAL 18 16 17 17 17 17 23 125

(b) Nationality

Indian
Japanese
British
Czech
Canadian
German
Australian
Norwegian
Polish
Pakistani
Chinese
Israeli
Danish
Swiss
Irish
Hungarian
Ghanian
Italian
Egyptian
Ceylonese
Yugoslavia
Spanish
S. African
YEAR TOTAL

5
8

2

2

1

18

2
7
1

2
2

1

1

16

4
4
4

1
1

1
1

1

17
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2.5.b. STRENGTI1/ADMINISTRATION - RESEARCH (PROFESSIONAL CLASSES ONLY)

CATEGORIES STRENGTH ADMINISTRATION ADMINISTRATION 
AS A PERCENT
OF STRENGTH

EXECUTIVE 4 4 100

SCIENTIFIC AND PROFESSIONAL 1083 95 8.7

ADMINISTRATIVE AND FOREIGN SERVICE 47 30 63.8

1134 129 11.3

2.5.C. i to iii. Country of Birth/Country in which Degree Taken

Table 2.5.C.i-iii.: Of the 1208* professional staff members engaged in 

or associated with scientific activities, 874 or 70% were born in Canada.

Of the total professional staff, 46% were at the doctorate level, 23% at 

the master's level, and 31% at the bachelor's level.

The role of Canadian university postgraduate faculties in providing 

trained scientific staff is indicated by the fact that 30% of the Ph.D.'s and 

66% of the Master's received their degrees from Canadian universities. In 

contrast 43% of the Doctorates and 17% of the Masters were from U.S. univer

sities, most of whom were Canadians who took their undergraduate training or 

training to the Master's level in Canada. Records are not readily available 

to us showing precisely how many of Canadian birth took their primary and 

secondary education in Canada. It is apparent, however, that U.S. univer

sities have been preferred by many Canadian graduates proceeding to their 

Ph.D. degree. This is probably partly due to the higher quality of U.S. 

graduate schools in special areas or absence of specialized graduate trzining 

in Canada. It may be partly due to more favourable financial support that 

could be obtained in U.S. universities.

Of the total number of currently employed Ph.D.'s (551), only 337 are 

of Canadian birth. That is 39% were recruited from foreign countries. By 

contrast 208 of 282 Masters and 302 of 375 Bachelors were of Canadian birth, 

i.e. 26% and 19% respectively of foreign birth.

♦This total includes 1083 individuals with degrees who are in the Scientific 
and Professional category, plus 125 individuals with degrees in the Adminis
trative and Technical categories (Table 2.5.a.1.)



2.5.c.i.-iii. COUNTRY OF BIRTH/COUNTRY IN WHICH DEGREE RECEIVED

Country of Birth Country in Which Degree Rec’ d*

Total Country 
as a % 
of Total

Total

Ph.D.

Degrees

MA BA Ph.D

Canada

MA BA

Gr. Britain

Ph.D. MA BA

United

Ph.D.

States

MA BA

Others

Ph.D. MA BA

Unknown

Ph.D. MA BA

CANADA 874 70.1 337 208 302 111 151 276 10 - 171 40 2 43 12 ii 2 5 13
BRITISH COMMONWEALTH 138 11.4 79 31 28 25 16 14 11 5 4 14 2 - 28 7 7 I 1 3
UNITED STATES 48 4.9 35 8 5 2 4 2 - - 22 1 1 11 3 2 - - -
FRANCE 3 .2 3 - - 1 - - - - 1 - - 1 - - - - -
RUSSIA 9 .7 4 2 3 2 2 2 - - 2 - - - - - - - -
OTHER EUROPEAN 99 8.1 49 23 27 12 8 14 2 1 - 15 5 - 19 9 9 1 - 4
OTHER ASIATIC 44 3.6 27 10 7 5 4 3 - - 8 2 - 14 4 4 - - "
SOUTH AMERICAN 2 .1 1 - 1 - - - 1 - - - - - - 1 - - -
ALL OTHERS IS 1.2 13 - 2 1 - - - - 5 - - 7 - 2 - - -
NOT AVAILABLE 3 .2 3 - - 1 - - - - - 2 - - - - - - - -

1208 100 551 282 375 160 185 311 24 6 4 240 50 3 123 35 37 4 6 20

DEGREES AS A %
OF TOTAL GROUP 46% 23% 31%

COUNTRY OF DEGREE 
PER CENT OF TOTAL

AS A TOTAL CANADA GR. BRITAIN UNITED STATES OTHERS UNKNOWN

Ph.D. 551 160 30% 24 4% 240 43% 123 22% 44 1%
MA 282 185 66% 6 2% 50 17% 35 13% 6 2%
BA 375 311 83% 1 1% 3 1% 37 10% 20 5%

1208

♦Only highest degree counted.
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2.5.c.iv. 1-3. Number of years since graduation and number of 

years employed in CPA

These tables show the employment pattern in CDA. Tables 2.5.c.iv.1 

shows the high Ph.D. employment in the last 20 years, a uniform employment 

rate for Masters and Bachelors.

Table 2.5.c.iv.3. indicates the large proportion of staff recruited 

without much prior experience.

Not shown in tables 2.5.c.iv.1-3, is the fact that an appreciable 

number of employees were able to return to university on educational leave 

for a higher degree, most after several years employment. For example,

230 employees obtained their Ph.D. subsequent to employment in CDA, most 

of these prior to 1958. In the last 10 years, however, relatively fewer 

employees are returning to university for their Ph.D. degrees.

2.5.c.iv.1. NUMBER OF YEARS SINCE GRADUATION - AGE OF DEGREE

YEARS SINCE DEGREE Ph.D. M.A. B.A. TOTAL

Number % of 
Total 
Group

Number % of 
Total 
Group

Number % of 
Total 
Group

LESS THAN 1 YEAR 8 1% 3 1% 14 4% 25
1 THROUGH 6 157 29% 57 22% 94 26% 308
7 THROUGH 12 165 30% 45 17% 39 11% 249
13 THROUGH 18 130 24% 57 21% 67 19% 254
19 THROUGH 24 36 7% 41 15% 64 18% 141
25 THROUGH 30 26 5% 39 15% 37 10% 102
31 OR MORE 22 4% 25 9% 42 12% 89
UNKNOWN 7 15 18 40

551 282 375 1208

AVERAGE AGE 
OF DEGREE

Ph.D. 
11 years

M. A.
15 years

B.A.
14 years



1178 Special Commillee

2.5.C.ÎV.2. YEARS EMPLOYED - CDA

YEARS OF EMPLOYMENT Ph.D. M. A. B.A. TOTAL

NUMBER % OF NUMBER % OF NUMBER % OF
EMPLOYED TOTAL EMPLOYED TOTAL EMPLOYED TOTAL

GROUP GROUP GROUP

LESS THAN 1 YEAR 25 5% 14 5% 28 7% 67
1 THROUGH 6 169 31% 77 27% 146 39% 392
7 THROUGH 12 91 16% 24 8% 51 14% 166
13 THROUGH 18 118 21% 53 19% 59 16% 230
19 THROUGH 24 92 17% 58 21% 62 16% 212
25 THROUGH 30 24 4% 26 9% 15 4% 65
31 OR MORE 32 6% 30 11% 14 4% 76

551 282 375 1208

AVERAGE LENGTH OF Ph.D. M.A. B.A.
EMPLOYMENT 13 YEARS 14 YEARS 11 YEARS

2.5.C.1V.3. YEARS OF EXPERIENCE PRIOR TO CDA EMPLOYMENT1

YEARS OF EMPLOYMENT Ph.D. M.A B.A. TOTAL

NUMBER % OF NUMBER % OF NUMBER % OF
EMPLOYED TOTAL EMPLOYED TOTAL EMPLOYED TOTAL

GROUP GROUP GROUP

HIRED IN GRADUATING 
YEAR 98 40% 14 14% 62 31% 174
1 THROUGH 3 66 27% 48 49% 49 25% 163
4 THROUGH 6 32 13% 19 20% 26 13% 77
7 THROUGH 10 16 7% 11 11% 11 5% 38
10 OR MORE 31 13% 6 6% 53 26% 90

243 98 201 542

1POPULATION INCLUDES ALL PRESENT EMPLOYEES HIRED SINCE 1956 WHO HELD DEGREE 
ON ENTRY.
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2.5.c.v. Average Age

Table 2.5.C.V. Shows a fairly normal age distribution in all three 

degree categories.

Table 2.5.c.vi. This table is based upon information at recruitment 

and does not indicate bilingual effectiveness obtained while employed in 

CDA. It refers only to oral ability which is probably a reasonable 

criterion of operational effectiveness. The data show only about 13% of 

professional staff as being bilingually effective. The reasons for this 

low proportion are apparent and improvement in this ability is to be 

expected with current training policy.

2.5.C.V. AGE ANALYSIS OF PROFESSIONAL POPULATION

AGE Ph.C . M.A. B.A. TOTAL

NUMBER IN 
AGE GROUP

% OF 
TOTAL 
GROUP

NUMBER IN 
AGE GROUP

% OF 
TOTAL 
GROUP

NUMBER IN 
AGE GROUP

% OF 
TOTAL 
GROUP

65 or more 7 1% 5 2% 3 1% 15
60 through 64 21 4% 26 9% 24 7% 71
55 through 59 40 7% 41 15% 38 10% 119
50 through 54 59 11% 34 12% 41 11% 134
45 through 49 119 22% S3 19% 69 19% 2*1
40 through 44 105 19% 39 14% 35 9% 179
35 through 39 99 18% 21 7% 42 11% 162
30 through 34 75 14% 31 11% 33 9% 139
25 through 29 24 4% 28 10% 46 12% 98
20 through 24 - - 4 1% 42 11% 46
15 through 19 - - - - 1 - 1
Not Available 2 - - - 1 - 3

551 282 375 1208

Average Age Ph.D. - 43 Years M.A. - 45 Years B.A. - 41 Years
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2.5.c.vi. LANGUAGE ABILITY AT RECRUITMENT

SPEAKS Ph .D. M. A. B.

Total %Total % of 
Group

Total % of 
Group

Total % of 
Group

ENGLISH ONLY 495 90% 242 86% 308 82% 1045 87%
FRENCH ONLY - - 1 - 2 - 3
ENGLISH § FRENCH 55 10% 39 14% 61 16% 155 13%
NOT AVAILABLE i - - - 4 - 5

551 282 375 1208

2.S.C.VÜ. ACADEMIC DISCIPLINE

SUBJECT Ph.D. M.A. B.A.
Biology 13 10 22
Botany and Plant Pathology 41 9 3
Plant Pathology 73 14 7
Bacteriology 11 3 3

138 36 35

Zoology 6 4 8
Entomology 87 41 15

93 45 23

Agronomy 65 48 32
General Agriculture 8 5 15
Horticulture 19 17 14

92 70 61

Animal Husbandry 20 4 11
Dairying 4 ~
Poultry 4 4 2
Veterinary Science 3 3 24

31 11 38

Nutrition (Plant and Animal) 11 5 -

Agricultural chemistry 59 11 29
Physics 3 1 1
Soils 35 31 16

97 43 46

Engineering - 3 3 4
Agricultural Engineering - 7 12
General Arts 1 6
General Science - 1 10
Library Science - 4 18
Economics 7 14 33
Dietetics - - - 1
All Others 69 28 42
Not Available 13 14 46

551 282 375
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2.5.d. and c. Strengths and Separations, 1963-68

Table 2.5.d.-e. Over the 5-year period there has been a slight 

increase of professional staff from 1,052 to 1,208 or about 15%. The 

separation rate for doctorate and master staff has remained at about 6% 

but the rate of bachelor separation has been about twice this level, 

probably because of the low salaries available to the bachelors' group. 

A large proportion of the separations in the doctorate group accepted 

university appointments as shown in section 2.8.6.



2.5.d. and e. 1. STRENGTH AND SEPARATIONS 1963-68

YEAR DOCTORATE MASTERS BACHELORS TOTAL

SEPARATED HIRED YEAR END SEPARATED HIRED YEAR END SEPARATED HIRED YEAR END
STRENGTH STRENGTH STRENGTH

1963 26 28 501 13 20 249 30 44 302 1052
1964 31 24 494 6 17 260 34 33 301 1055
1965 37 53 510 18 16 258 34 54 321 1057
1966 25 36 521 25 59 260 43 54 332 1113
1967 37 42 526 19 27 268 47 62 347 1141
1968 N/A 28 551 N/A 28 282 N/A 25 375 1208

2. PROJECTED - 1969-72

DOCTORATE
2% per year

MASTERS
3% per year

BACHELORS
3% per year

TOTAL

1969 562 290 386 1238
1970 573 299 398 1270
1971 584 308 410 1302
1972 596 317 422 1335

3. AVERAGE SEPARATION RATE - 1963-67

DOCTORATE 6% 
MASTERS 6% 
BACHELORS 12%

4. RATE OF INCREASE IN TOTAL DEGREE STRENGTH - 1963-68

15% for 5-year period OR 
3% per year.
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2.5.g. EDUCATIONAL LEAVE 1968-69

MASTERS IN SCIENCE 3

MASTERS IN LIBRARY SCIENCE 1

SPECIAL STUDIES 1

DOCTORATE 20

2.S.h. UNIVERSITY STUDENTS* - SUMMER EMPLOYMENT IN RESEARCH ACTIVITIES

STUDENT ASSISTANTS 1963 1964 1965 1966 1967 TOTAL

195 182 172 167 179 895

‘Does not include university students employed in other than student assistant 
positions.
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2.6. I;xpcmliturcs Associated with Scientific Activities

2.6. a. Total Funds by Function, Discipline and Area of Application

In Table 2.6.a. the total spending of the Department on scientific 

activities is presented.

It is not possible to break down the total expenditures on a scientific 

discipline basis. If one regards agriculture science as a discipline area, then 

all biological, physical, and social sciences contributing to agriculture can 

be included under agricultural science.

Similarly, no financial breakdown on the basis of area of application has 

been attempted since all activities of the Department are directed towards 

agricultural applications, irrespective of incidental secondary applications.

2.6. b. Operating and Capital Expenditures by Units

Table 2.6.b. shows the actual operating and capital expenditures for 

CDA scientific activities by units for each year 1962-62 to 1967-68.

2.6. C. Expenditures on University Education of Staff

Table 2.6.C. summarizes the cost of the Departmental educational leave 

program as it applies to those engaged in scientific activities. For additional

information, see Section 2,,3.e.

Table 2.6.a. Total Spending on Scientific Activities by Functions

Fiscal Year
Intramural

R§D
Scientific
Information

Support of1 
R6D in

Universities

Other^ 
Support of 

R6D Total
$ $ $ $ $

1962-63 28,982,234 703,012 147,037 - 29,832,283
1963-64 30,232,530 709,047 124,862 85,000 31,151,439
1964-65 30,897,261 829,132 144,645 47,500 31,918,538
1965-66 35,116,289 916,554 145,000 20,000 36,197,843
1966-67 38,002,256 1,127,671 443,766 9,668 39,583,361
1967-68 42,499,354 1,430,384 624,750 28,000 44,582,488
1968-69 44,634,220 1,301,380 960,000 50,000 46,945,600

^Including support of higher education in engineering and science 
^Annual grants to the Agricultural Economics Research Council
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Table 2.6.b. Actual Operating and Capital Spending for the Six-year Period 
from 1962-63 to 1967-68

Animal Grain
Research Economics Pathology Research Dept11.
Branch Branch Division Laboratory Library Total

1962-63 ($000) ($000) ($000) ($000) ($000) ($000)
Operating 23,672 906 1,265 372 250 26,465
Capital 3,285 2 50 27 3 3,367

Total 26,957 908 1,315 399 253 29,832

1963-64
Operating 23,758 987 1,657 375 258 27,035
Capital 3,832 6 241 35 3 4,117

Total 27,590 993 1,898 410 261 31,152

1964-65
Operating 24,983 979 1,273 408 301 27,944
Capital 3,855 4 40 71 4 3,974

Total 28,838 983 1,313 479 305 31,918

1965-66
Operating 27,612 972 1,593 475 344 30,996
Capital 4,981 7 145 63 7 5,203

Total 32,593 979 1,738 538 351 36,199

1966-67
Operating 31,199 1,041 1,888 543 508 35,179
Capital 4,250 4 74 63 13 4,404

Total 35,449 1,045 1,962 606 521 39,583

1967-68
Operating 33,801 1,241 2,069 554 637 38,302
Capital 5,894 7 206 97 78 6,282

Total 39,695 1,248 2,275 651 715 44,584

Table 2.6.C. Cost of University Education of Staff Engaged in Scientific
Activities

Educational Leave

No. of Local Course
Fiscal Year Employees Cost Fees Total Costs

1962-6? 22 $ 42,100 - $ 42,100
1963-64 20 42,800 - 42,800
1964-65 25 59,160 694 59,854
1965-66 25 68,103 1,450 69,553
1966-67 24 75,941 1,470 77,411
1967-68 23 69,755 3,440 73,195
1968-69 25 168,431 5,000 173,431

29370—10
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2.7. Research Policies

2.7. a. Units Concerned with Intramural Research Activities

2.7. a.1. Selection, Initiation and Monitoring of Programs and Projects

Research Branch. Since the responsibility of the Research Branch is to 

solve agricultural production problems in order to maintain or improve yield 

and/or quality of produce, the first task is obviously to identify the problem. 

Identification may be achieved by one of several routes. It may result from a 

grower or grower association inquiry, a provincial agricultural representative 

inquiry, or a direct provincial or federal departmental request, or a request 

from industry. Regulatory or inspection activities may indicate problem areas. 

General surveys may disclose specific problems, often incidental to the purpose 

of the survey. However, the majority of research problems are identified 

intramurally by those engaged in research or in research administration. 

Occasionally, projects are undertaken as a collaborative effort at the request 

of international agencies.

A preliminary appraisal of the problem will indicate the type of approach 

that will be required, whether a short term developmental or applied project or 

program is indicated, or whether a long term research project or program, 

possibly interdisciplinary and basic, will be required. On the basis of this 

appraisal, the research scientist will prepare a project proposal or a project 

leader will be requested to do so.

The "Project System" currently in use in the Research Branch specifies the 

form and procedures for preparation of proposals, for authorization, reporting 

and review of projects. It provides an inventory (Appendix 12) covering 

projects and represents the research effort of over 800 man/years.

The project outline specifies the title, objective, anticipated duration, 

personnel, number of man/years, reasons for undertaking the project, a review 

of pertinent literature, plans for undertaking the work, and any special 

facilities or equipment requirements.

The project proposal prepared by the research scientist is approved by 

the establishment director, forwarded to the Assistant Director General for the 

region concerned, and referred to the Research Coordinator in whose discipline 

area the project falls. The project outline is reviewed by the Coordinator 

and may be altered but only in consultation with the research officer who 

prepared the outline and with the approval of his director. The Coordinator 

then recommends on the acceptability of the proposal and rates it as to priority
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(described below). He must defend his recommendation before the group of 

Research Coordinators and, if acceptable, the recommendation is forwarded to 

the Assistant Director-General for authorization.

No project is authorized for more than five years and an annual report on 

progress is required. Annual progress reports are referred to the Research 

Coordinator concerned and may be discussed with the personnel involved by 

correspondence and/or by personal visits to the research station. At the end 

of the authorized five-year period, a summary report must be prepared requesting 

renewal, revision, or discontinuance of the project. In the case of renewal or 

revision, the proposal must go through the same channels as a new project 

proposal. Projects may be terminated at any time.

Project files are maintained at headquarters by the Scientific Information 

Section and are accessible to the Executive or Coordinators at all times.

Program areas are usually discussed by the Coordinators Group whenever a 

new project proposal is considered. To this extent there is, in effect, a 

continuing review of program. Special program area reviews may be carried out 

by the Coordinators as well. Special work-planning meetings may be convened 

by a Research Coordinator to review a selected area of program. Attendance at 

work-planning meetings is not restricted to Research Branch scientists involved 

in the program but by invitation personnel from other federal departments, 

universities, provincial departments, and industry may participate. Recom

mendations emanating from work-planning meetings are referred to the Research 

Coordinators group and finally to the Executive. Additionally, program 

reviews are held at national or provincial meetings, whether sponsored by 

N.C.R. associate committees or by CASCC committees, or whether they are 

convened under provincial, departmental or interdepartmental jurisdiction.

Economics Branch. It has been the practice of the Branch to have a 

"full dress" annual review of work in progress, together with consideration 

of suggested new projects. In preparation for this, units and sections prepare 

project statements and progress reports. Regional offices review work with 

university and provincial government departments and submit their recommenda

tions to headquarters. The Director-General consults the Deputy Minister and 

other senior officers on programs. Division heads and other senior officers 

visiting the Branch's regional offices confer on programs and often have meetings 

with provincial authorities and farm leaders on research needs. Reviews are

29370—10A
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continually being requested and preliminary reports are quite usual for most 
studies in addition to the annual review.3/

At the Section level there is a continuing review of the work in the 

light of the current situation and anticipated developments. At Division 

level, several meetings of professional staff are held annually in order to 

review the current and proposed programs of work. These meetings provide 

frequent opportunities for review of individual studies and their relation to 

the overall program of the Division and the Branch.±/

2.7.a.2. Program and Project Priorities

With project coverage of such magnitude and diversity in the Department, 

program management becomes correspondingly complex. The unpredictability of 

the research activity and resistance to cost-benefit analysis further complicate 

management problems and make comparative evaluation of programs a matter of 

highly subjective judgment. The subject of strategic management of agricultural 

research was recently reviewed in a paper by J.A. Anderson and M.E. Andal, both 

at the time members of the Canada Department of Agriculture, and presented at 

the 1966 meeting of the Pvesearch Section, CASCC. A copy of this paper is 

attached as Appendix 6.

Despite the fact that we are painfully aware that some reliable system of 

project rating must be utilized for purposes of program management, and despite 

all that has been written on various systems, we have not yet succeeded in 

devising or adapting a procedure entirely satisfactory to our purpose. For the 

present we are attempting to rate projects as A, B or C priority at the time of 

submission as a new proposal or as a renewal of an existing authorized project. 

These ratings are based upon two major considerations:

1) The importance and effectiveness of the anticipated solution of the 

problem to a specific program area and to the national program, including such 

factors as economic, political, sociological, statutory and scientific importance 

and with proportionate and reasonable emphasis on the national vs. local 

implications.

2) The assessment of the project as a piece of research and its contribu

tion to the solution of the problem, including such considerations as adequacy 

of the plan, capability of the staff, availability of resources, and feasibility 

in relation to the objective.

3/ Extracted from Answers to Questionnaire - Project No. 8, of the Royal
Commission on Government Organization, Economics Division, Canada Department 
of Agriculture, May 24, 1961, p. 55.
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Obviously a rating such as this represents a highly intuitive assessment, 

still it is the consensus decision of twelve Research Coordinators drawn from 

different scientific discipline areas.

Priority rating for project and program authorization has its counterpart 

in priority rating for vacant positions. Before a vacant position can be 

filled, the duties of the position must be justified upon project and program 

priorities. The same is applied to the establishment of new positions, for it 

is by this means that program changes can most readily be effected.

2.7. a.3. Program Evaluation Techniques

Departmental management, research managers and many research officers are 

aware of network analysis (such as PERT and CPN), and some have applied its 

principles to their research programs in an elementary fashion, but it has been 

neither formally nor widely adopted as a management tool. Since network 

analysis offers techniques for planning and controlling to achieve quantitative 

goals within specified periods of time, the likelihood of adopting it for 

developmental programs will be increased by the introduction of "Management by 

Objectives" and "Program Budgeting" (see Section 2.2.d.). Its value in basic 

research is highly questionable owing to the difficulty of making meaningful 

estimates of the probability of a critical scientific "breakthrough" within a 

given period of time (Appendix 6).

2.7. a.4. Extramural Research Contract Grants

The Department provides funds for "Extramural Research Contract Grants" 

designed to support research on problems of direct concern to any one of the 

various Branches of CDA.

Contract Grants are awarded in fields where the Department lacks special 

research facilities and/or competence available elsewhere, e.g. university or 

provincial research establishment, and where the contracted project will provide 

the solution to an urgent problem or will make an essential contribution to an 

intramural program. They may be initiated by the Department to assist in 

filling a serious gap in the total agricultural research effort in Canada.

EMR Contract Grant proposals are prepared by the applicant after consulta

tion and negotiation with a senior officer of the Department. Control of 

Contract Grants is vested in a CDA Committee appointed by and responsible to 

the Deputy Minister. They are awarded on an annual basis, subject to renewal 

if satisfactory progress is indicated.
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The EMR Contract Grants program was begun in 1949 and the distribution 

over the 20-year period is shown in Table 2.7.a.4.i.

Table 2.7.a •4.i. CDA Extramural Research Contract Grants - 1949 to 1968

FISCAL YEAR INSTITUTIONS GRANTS TOTAL GRANTS AVERAGE GRANT

1949-50 9 12 $ 20,600 $1,717
1950-51 11 12 40,000 3,333
1951-52 9 11 34,500 3,136
1952-53 16 28 98,875 3,531
1953-54 20 31 116,205 3,749
1954-55 16 30 92,200 3,073
1966-56 15 33 120,275 3,645
1956-57 12 40 125,225 3,131
1957-58 12 36 127,100 3,531
1958-59 10 26 132,075 5,080
1959-60 10 34 176,710 5,197
1960-61 10 32 159,780 4,993
1961-62 11 32 150,265 4,696
1962-63 12 35 147,040 4,201
1963-64 11 32 128,580 4,018
1964-65 12 36 144,645 4,018
1965-66 12 34 145,000 4,265
1966-67 12 30 140,750 4,692
1967-68 15 25 144,780 5,791
1968-69 15 22 145,245 6,602

The distribution of EMR IContract Grants for the last fiscal year are shown

regionally in Table 2.7.a.4.ii . and by projects in Appendix 7.

Table 2.7.a.4.ii. CDA Extramural Research Contract Grants.

Regional Distribution, 1967-1968.

St. Dustan's University.......................................$ 8,500
Macdonald College ................................................ 9,300
Carleton University ........................................... 19,000
University of Ottàwa ........................................... 9,900
Queen’s University ............................................. 8,000
University of Toronto ........................................ 15,880
University of Guelph ........................................ 13,000
University of Western Ontario .............................. 7,000
University of Manitoba ...................................... 3,000
Saskatchewan Research Council ................................... 4,000
University of Saskatchewan .................................. 15,500
University of British Columbia .............................. 22,700
University of Victoria ...................................... 1,000
British Columbia Research Council ............................ 8,000

$144,780
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The following contractual arrangements in the field of agricultural 

economics were undertaken:

(a) Development of the Canadian Farm Management Data System (CANFARM)

1. Contract signed June 30, 1966 with Professor R. Nicholson, University 

of Saskatchewan, to assist officers of the Economics Branch, Depart

ment of Agriculture, develop a national system of mail-in electroni

cally - processed farm record-keeping (later designated CANFARM). 

Contract period: July 5, 1966 to August 19, 1966.

Compensation: $1,500.

2. Contract signed March 9, 1967 with the University of Guelph for the 

services of Professor Darrel Plaunt to work with officers of the 

Economics Branch to specify details of basic data sheets which are 

to be recorded by farmers, to organize and describe the item and 

enterprise codes and to specify analysis to be carried out by the 

national mail-in record-keeping system. Contract period January 23,

1967 to September 30, 1967 except for the period August 1-17, 1967. 

Compensation: $9,600 in eight equal monthly payments of $1,187.50 

starting February 28, 1967.

3. Contract signed July 13, 1967 with the University of Saskatchewan, 

to provide the services of Professor R.C. Nicholson to work with 

officers of the Economics Branch, Department of Agriculture on the 

development of a National Mail-in Electronically Processed Farm 

Record Keeping System (now CANFARM). Details were specified.

Contract period: July 1, 1967 to September 30, 1967. Payment: $4,750.

4. Contract signed September 27, 1967 with Kates, Peat, Marwick and Co., 

to co-ordinate the preparation of documentation for Phase I of the 

Canadian Electronic Mail-in Farm Management Information System (now 

CANFARM); to assist the project team with preparation of schematics, 

code detail, etc; to prepare specifications and instructions for 

software supplier submissions, and to do other specified things.

Contract period: June 1, 1967 to October 15, 1967. Payment not to 

exceed $18,500 plus allowances for subsistance and travelling 

expenses.

5. Contract signed January 24, 1968 with Kates, Peat, Marwick and Co., 

to develop and evaluate alternative plans for meeting the objectives 

of the Canadian Electronic Mail-in Farm Management Information
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System (later called the Canadian Farm Management Data System or 

CANFARM). More specifically, the firm was to (a) identify courses 

of action for processing farm data and maintaining a data library at 

a single location, at a central location with satellite processing 

centres, or at several decentralized locations; (b) define the goals, 

systems performance and costs of each alternative, and (c) establish 

criteria for the systems performance measurement. Contract period: 

November 13, 1967 to March 15, 1968. Payment not to exceed $20 350.

6. Contract signed March 14, 1968 with Professor Darrel H. Flaunt, 

University of Guelph, to work with officials of the Economics Branch 

of the Department of Agriculture on the development of a National 

Mail-in Electronically Processed Farm Record Keeping System (now 

CANFARM). Contract terminated on March 31, 1968. Payment: $1,400.

7. Contract signed August 6, 1968 with Computer Sciences Canada, Ltd., 

to develop the computer systems design and programs for Phase I 

(monthly annual reports for the individual farmer) of the Canadian 

Farm Management Data System. Compensation not to exceed $116,238.

8. Contract signed July 8, 1968 with the University of Saskatchewan for 

the services of Dr. R.C. Nicholson to work at Guelph, Ontario and 

Saskatoon, Saskatchewan with officials of the Economics Branch of the 

Department of Agriculture on a project of a "Canadian Farm Management 

Data System" as follows: Assist in planning workshops for explaining 

phase I of the system, assist Departmental staff in monitoring the 

computer programming for Phase I, assist in the supervision of the 

preparation of farm data for testing the computer programs, assist 

the staff in updating the documentation for programming, review the 

initial manuals on field contract procedures and prepare complete 

item code table for inclusion in the computer programs. Contract 

period April 29 to August 31, 1968, Payment: $4,825 paid as follows: 

$2,400 on or about July 15, 1968 and the balance at the end of the 

period.

9. Contract signed August 27, 1968 with Dr. Darrel M. Plaunt of the 

University of Guelph, to work with officials of the Economics Branch 

of the Department of Agriculture on the development of a Canadian 

Farm Management Data System (CANFARM). Compensation to be $125 per 

day plus expenses not to exceed $600. Contract period: July 22,

1968 to September 11, 1968.



Science Policy 1193

(b) Other Projects

1. Contract signed June 9, 1967 with Professor George R. Winter,

University of British Columbia. Professor Winter agreed, in essence, 

to serve as a consultant in the Marketing and Trade Services Division, 

Economics Branch, and to assist in developing a research program and 

associated methodology with particular reference to marketing 

institutions, marketing operations and demand analysis. Contract 

period: June 12, 1967 to September 15, 1967. Payment : $4,600.

2. Contract signed October 18, 1967 with Mr. Ian S. McArthur of Ottawa.

The contractor agreed to carry out a study of the economics of storage 

of fresh fruits and vegetables in Canada, with particular emphasis on 

the economics of scale. Period of contract : October 18, 1967 to 

November 30, 1967. Payment : $125 per day plus travelling expenses.

2.7.a.5. Policies on Funding of Research Programs in Universities

As indicated in 2.7.a.4. CPA Extramural Research Contract Grants are 

specific contractual arrangements with non-federal research agencies for the 

solution of urgent agricultural problems or for supplementing intramural 

research programs. These Contract Grants are terminable in character and are 

not intended to support a general area of research on a continuing basis.

CPA Operating Grants

Commencing in 1966, the Canada Department of Agriculture, on the recom

mendation and under the guidance of the Canadian Agr. Services Coordinating 

Committee, initiated an Operating Grants program designed to assist the improve

ment of graduate education, to promote an optimum balance of research between 

governmental and university agencies in relation to the problems of the 

agricultural industry, and to augment the supply of trained research scientists.

The final support provided by the CPA Operating Grants program for the 

3-year period of operation is summarized in Table 2.7.a.5. Appendix 8 

shows a regional and discipline summary and list of projects for the fiscal 

year 1968-69.

Table 2.7.a.5. CDA Operating Grants Summary

1966-67 1967-68 1968-69

Funds requested $ 1,172,211 $1,128,580 $1,826,727
No. of Applications rec'd 115 168 229
Average request $ 7,562 $ 6,718 $ 7,977
Funds allocated $ 304,000 $ 479,970 $ 650,000
No. of projects supported 71 110 144
Average support $ 4,282 $ 4,363 $ 4,514
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The CPA Operating Grants are patterned on the National Research Council 

scheme as described on pages 7-13 of the NRC booklet "Awards to University 

Staff". The two systems are identical in such general aspects as eligibility, 

permissible uses of grant money, rates of pay for persons employed on grant- 

supported projects, and patent privileges. Whereas NRC puts major emphasis on 

its policy of "complete non-interference in university research programs" and 

on judging applications for grants "largely on the basis of an assessment of 

the scientific record of the applicant", CDA attaches somewhat less significance 

to these features and puts greater emphasis on the individual project, 

particularly with respect to its combination of merits for research and for 

student training. However, excellence in performance will always be a require

ment for continuing grant support.

The purpose of the CDA Operating Grants is to increase the volume of high 

quality agricultural research in Canadian universities; to increase the number 

of well-trained agricultural scientists, particularly of the type most needed 

in Canada; and to complement, rather than duplicate or replace, the NRC grants 

program. To qualify for CDA assistance, a project must have definite implica

tions of value to the agricultural industry. The term "agriculture" is to be 

interpreted broadly. Projects may range from the "mainly theoretical to 

distinctly practical" from intensive "individual" studies to extensive "team" 

programs. Special merit is attached to proposals in fields where new knowledge 

is urgently required and where the supply of trained investigators is seriously 

short.

In evaluating proposals for CDA Operating Grants, projects are assessed 

on the liklihood of advancing knowledge in an important field, the degree of fit 

with other research in course or contemplated in Canada or elsewhere, and the 

proposed student participation. Consideration is also given to the demon

strated competence of the principal investigator, the research reputation and 

the resources of his institution required to undertake the proposed study. 

Equitable distribution of awards among universities, subject fields, and dis

ciplines are also taken into account.

The selection committee for CDA Operating Grants is appointed by the 

Deputy Minister of Agriculture and is composed of two members from the 

universities, two members from CDA, one member from the NRC Agriculture and 

Forestry Committee (ex officio), and a Chairman and Secretary provided by CDA.

The Chairman reports to the Assistant Deputy Minister (Research), CDA.
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CDA makes no research grants to industry but does maintain a consultative 

function in industrial grants made by other federal agencies.

2.7.a.6. Technical Changes vs. Research Program Changes

Changes in agricultural production methods, in storage and processing, in 

market requirements, in industrial organization, etc., have and can be expected 

to occur with increasing frequency.

Vertical integration of the poultry industry has resulted in changes in 

feeding, housing and marketing methods. The poultry breeding program for 

greater economic productivity to meet these changes has been taken over by a 

relative few large private breeders with corresponding reduction in government 

programs.

The development of herbicides has made cultivation for weed control un

necessary but has created new management and machinery problems.

Animal housing improvements, whereby more animals can be housed per unit 

space, have created new problems of crowding behaviour, nutritional require

ments, and engineering.

In certain areas where reduction of summer fallow is becoming the practice, 

the use of fertilizers becomes necessary.

The possibility of adaptation of biological control methods for insect 

pests, such as the male sterile technique in control of codling moth, may 

dramatically alter chemical control programs.

Changes in cereal grain varieties and market demands may be expected to 

create new problems and corresponding changes in research programs.

Advances and modifications of research equipment may permit reallocation 

of research resources and adjustment in research programs.

Whether these changes can be anticipated or not, sooner or later program 

planning will have to cope with the problem of new research demands. Program 

changes may require reallottment of funds and of physical and human resources. 

Adjustment of fund allottments can usually be made because of flexibility of 

annual budgets. It is sometimes possible to shift resources by closing out 

research establishments or reducing them to satellite status but difficulties 

of staff relocation and political resistance are frequently encountered. But 

perhaps the greatest difficulty derives from the changing specialist require

ments which can usually be met only by recruitment of new staff or, less often, 

by moving staff from one location to another.
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As with any new research project or program decisions, changes in program 

will be dealt with as described under 2.7.a.l and 2.

2.7.a.7 Transfer of Research Results to Users

A research project cannot be regarded as completed until the results have 

been published in a scientific journal and thus made available to others for 

development, extension or application. The extent of CDA research publication 

is indicated in section 2.8.2.

While the responsibility in the field of extension of the results of 

research to the ultimate user lies primarily with the provincial authority, most 

provinces have not or cannot meet their obligation. Even those provinces with 

the most highly developed extension services have not adequately exploited the 

technological advances provided by research. It is this gap between research 

and application that has created the major obstacle to technological inovation 

in Canadian agriculture. In an effort to close this gap and in recognition of 

its responsibility to the farmers of this country, CDA diverts a considerable 

portion of its effort and funds to the extension activity.

The Information Division of the Department of Agriculture plays a major 

role in transferring research results to industry (both primary and secondary), 

other government agencies, universities and the general public. The Division 

gathers and disseminates information on the total program of the Department, 

both scientific and regulatory, but it is estimated that 65 to 80 per cent of 

its effort is expended on the results of research and development work. The 

Division employs 36 information specialists and its budget for 1968-69 is 

$1,150,000.

Results are transmitted through radio, television, farm press, daily 

press, periodicals, non-periodical publications, exhibits and through the 

Agricultural Representative Services maintained by the provinces.

Approximately 350 short radio programs (200 English, 150 French) are 

prepared annually and sent weekly to 139 English and 42 French language radio 

stations. Radio tapes are prepared at the Central Experimental Farm, Ottawa 

and mailed to co-operating radio stations. The Division also has land-line 

connections with the CBC for direct transmission to all affiliated stations. 

Almost all farm homes are equipped with radio.

Forty-five television films have been produced on research subjects in 

the five years 1963-67. Reproductions are forwarded by mail to 13 French and 

34 English television stations. These films averaging 5-6 minutes in length
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are incorporated in locally produced agricultural programs. Almost 80 per 

cent of Canadian farm households are equipped with television.

Press releases are prepared to report significant new developments. In 

the past five years, 1,103 press releases have been distributed to 101 daily 

newspapers, 834 weeklies and farm magazines, 279 radio stations, 64 television 

stations and 464 provincial extension personnel. In 1963 approximately 75 per 

cent of press releases were translated, in 1967 all releases were prepared in 

both languages.

There are approximately 75 weekly and monthly magazines devoted entirely 

to the farming industry. About 97 per cent of Canadian farmers receive at least 

one of these and a substantial number of farmers subscribe to ten or more farm 

papers. Daily newspapers are also a significant source of farming news for 

the rural population.

Service is also provided to the farm press in the preparation of feature 

articles.

The Information Division distributes non-periodical publications by mail

ing list and on request. Approximately 4,000,000 extension publications 

describing the methods of applying research have been distributed in the past 

five years. Large quantities are supplied to provincial Agricultural Extension 

Services for distribution. Publications are frequently mentioned in the farm 

press, are promoted at displays, country elevators, etc.

In addition three periodicals are prepared and distributed. The Farm 

Letter is published monthly and mailed to 420,000 farmers. About 50 per cent 

of the issues deal with research and the remainder with policy and programs.

The quarterly "Canada Agriculture" describes research currently in pro

gress and is directed to Agricultural Representatives and agri-business. About 

200 reports have been published in thp five-year period 1963-67.

The quarterly magazine "The Lighter" serves the tobacco industry on an 

international scale. Normally one research article per issue is included. The 

current mailing list contains in excess of 1,600 names.

Exhibits are designed for and displayed at country fairs, plowing matches, 

etc. In the past five years, 115 exhibits have been prepared, 20 of which were 

devoted specifically to research. In 1968 a 50-foot trailer was purchased and 

fitted out for exhibition purposes. The display was open to the public for a 

total of 54 days in five western cities, the Central Canada Exhibition and the 

International Plowing Match.
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2.8. Research Output

2.8.1. Patents anJ Licenses

Only rarely do the results of agricultural research lend themselves to 

the patent process. Furthermore, it is questionable whether the results of 

governmental research undertaken with public funds in the interests of the 

farming population should be patented unless there is some advantage to be 

gained in subsequent development of the product or process to expedite its 

adoption in use.

It is frequently in the public interest to circumscribe restrictive 

patents, as was the case with the process for dehydrated potato flakes. A 

patented process developed in the Food Research Institute broke the effective 

monopoly held in Canada and allowed three Canadian firms to initiate production. 

Four Canadian and two foreign firms are currently licensed. Production of 

dehydrated flakes under this patent amounted to 10 million pounds in the past 

five years.

New Varieties

Essentially there are only two ways in which productivity of agricultural 

crops can be improved by research: 1) by improved management practices, and 2) 

by improved genetic material, crops or animals, provided to the growers.

Crop plants are generally much more specific in their environmental 

requirements than animals. Their ability to grow, mature and overwinter are 

often narrowly limited by regional conditions of soil, moisture, light and 

temperature. To meet these restrictive regional conditions, the breeding of 

many new varieties has sought to incorporate the genetic characteristics, often 

derived from related species and varieties from all parts of the world, which 

will confer maximum advantage in any given region.

The new variety may be bred for increased yield Or quality which are 

reflections of its suitability to the various physical factors of its environ

ment. It may be bred to resist unfavourable biological factors, such as pest 

species, which continually threaten the survival of the crop. It may be bred 

in response to changing technological developments, changing economic factors, 

or changing consumer preferences.

The breeding of new varieties is not simply a matter of chance 

hybridization and selection. It must be based upon the knowledge derived from 

research of all factors of the environment, as well as on the inherent genetic 

composition of the species and the factors controlling genetic variation and
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sexual compatibility. The actual breeding takes many generations of hybridiza

tion, genetic stabilization, selection and testing before a variety can be 

released. It must conform to grading standards. Even when all these conditions 

have been satisfied, there still remains the problem of making known to the 

grower the advantages of the new variety over existing varieties and supplying 

him with propagative material. Thus, the monetary advantages provided by a 

new variety may not become evident for several years after it is licensed.

The Research Branch has during the past 10 years produced through its 

research programs many new varieties which have not only given improved returns 

over previously grown varieties, but have made it possible to grow crops which 

could not otherwise be grown. The new varieties developed by CDA are listed in 

Table 2.8.1.

In total, over 150 varieties are listed in Table 2.8.1 but monetary 

advantages over previously grown varieties are only computed for a few of these 

newer varieties. These estimates are sufficient to indicate the actual and 

potential increased return to Canadian agriculture, sufficient to satisfy the 

most ardent cost-benefit analyst. One need only consider the well-known 

example of the rust resistant bread wheat varieties bred at Winnipeg for the 

Canadian Prairies. Without these resistant varieties it would not have been 

possible to grow wheat in the rust area of Manitoba and eastern Saskatchewan.

The increased return to Canadian farmers from the use of the resistant wheat 

varieties in this area over the older susceptible variety, Marquis, has been 

calculated to be $185 million annually.



Table 2.8.1. Some Important New Varieties Produced by Canada Department of Agriculture, Currently Grown

CROP VARIETY YEAR LICENSED RES. STA. ADVANTAGES ECONOMIC RETURN

WHEAT Selkirk 1953 Winnipeg Rust resistant Man. S e. Sask. $3.9 million/yr. increase
cf. mod. susceptible var. Thatcher 
or $185 million/yr. increase 
(cf. highly susceptible var.
Marquis.

(spring) Pembina 1959 Winnipeg To replace Selkirk, now 
susceptible

Canthatch 1959 Winnipeg To replace Selkirk, now 
susceptible

Manitou 1965 Winnipeg To replace Selkirk, now 
susceptible

Park 1963 Lacombe Early maturing to escape 
frost - central and n. Alta.

$500,000 per year increase

Cypress 1963 Lethbridge Sawfly resistant

WHEAT Talbot 1962 Ottawa Lodging resistance: yield
(winter) Winalta 1961 Lethbridge Earlier; shatter resistant; 

short straw; quality

OATS Fundy 1957 Fredericton
Cabot 1967 Charlottetown Early: yield
Russel 1960 Ottawa
Stormont 1965 Ottawa Lodging resistant
Fraser 1967 Agassiz
Harmon 1965 Winnipeg Rust resistant: yield In 1968, increased return $1.6
Kelsey 1967 Winnipeg Rust resistant: yield million; cf. suscept. vars. would
Sioux 1967 Winnipeg Rust resistant: yield show increase of $10 million
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Table 2.8.1. continued

CROP VARIETY YR. LICENSED RES. STATION ADVANTAGES ECONOMIC GAIN

OAT Fraser 1967 Agassiz B.C. and blk. soils of Sask. §
Alta

BARLEY Keystone 1962 Brandon Feed: smut-resist: yield $1.74 million/yr. increase
Conquest 1965 Brandon Malting: straw strength:

disease: yield
$10 million/yr. increase

Paragon 1968 Brandon Malting straw strength disease:
yield

-

Palliser 1960 Lethbridge $700,000/yr. increase
Betzes 1960 Lethbridge $1.3 million/yr. increase
Galt 1966 Lethbridge $1 million increase in 1967

FALL RYE Frontier 1964 Swift Current Yield: Kernel size, color 10% increase

Ryegrass Sawki 1963 Swift Current Yield: curing: high protein 
(5% more forage : 10% more seed)

Tall Wheatgrass Orbit 1966 Swift Current Winter hardy: saline soil
Creeping Red 

Fescue
Boreal 1966 Beaverlodge Yield: seed: export standard

Bromegrass Carlton 1961 Saskatoon Hay (5-10% incr.) seed (25% incr.) $250,000/yr. increase for hay
Bromegrass Magna 1968 Saskatoon Hay (15% incr.): seed (30% incr.)
Bromegrass Redpatch 1964 Ottawa Eastern
Alfalfa Beaver 1961 Saskatoon

Lethbridge
Winter hardy: disease: yield
7-8% incr.

$ 1 million/yr. incr. in Alta, 
irrigated area

Alfalfa Rambler 1955 Swift Current Winter hardy: drought tolerant
Alfalfa Roamer 1966 Swift Current Winter hardy: drough tolerant $7.5 million/yr. increase
Alsike Aurora 1966 Beaverlodge Yield: uniformity: vigour

\X
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Table 2.8.1. continued

CROP VARIETY YEAR
LICENSED

RESEARCH
STATION

ADVANTAGES ECONOMIC GAIN

Orchardgrass Rideau 1963 Ottawa Eastern
Timothy Bounty 1966 Ottawa Eastern
Timothy Champ 1967 Ottawa

Soybeans Merit 1959 Ottawa Northern limit
Soybeans Harosoy 1953 Harrow

Harosoy 63 1963 U.S. license Disease

Rapeseed Nugget 1961 Saskatoon Early: oil yield
Rapeseed Oro 1968 Saskatoon Oil quality
Turnip rape Echo 1964 Saskatoon Yield $3.5 million/yr. incr

Flax Noralta 1965 Beaverlodge Yield: early maturity : rust resis. $6 million/yr. incr.
Flax Cree 1961 Morden Failed because of new rust race

Sunflower Advent 1959 Morden Early: rust resist. $20,099/yr. incr.
Sunflower Admiral 1960 Morden Early : rust resist. $56,999/yr. incr.
Sunflower Commander 1964 Morden Large seed $18,990/yr. incr.
Sunflower Armavirec 1966 Morden Early: oil $51,099/yr. incr.
Sunflower Valley 1968 Morden Rust : oil yield
Grain Com Morden 88 1960 Morden Early hybrid
Grain Corn Morden 67 1966 Morden Early hybrid: yield 8% higher
Grain Corn 13 hybrids since '58 Ottawa Expanded corn production to shorter season areas and almost doub

grain corn acreage, 1961-66.
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Table 2.8.1. continued

CROP VARIETY YEAR
LICENSED

RESEARCH STATION ADVANTAGES ECONOMIC GAIN

Tobacco Ottawa 705 1965 Ottawa Cigar filler: low nicotine -
Tobacco Delcrest 66 1966 Delhi alkaloids: disease

Flue-cured: yield: quality: 
disease: weatherfleck

$850,000/yr. incr.

Tobacco Yellow Gold 1961 Delhi Disease tolerance $500,000/yr. incr.

Potato Avon 1958 Fredericton
Fundy 1958 Fredericton
Hunter 1961 Fredericton
Sable 1964 Fredericton
Chinook 1964 Fredericton
Grand Falls 1965 Fredericton
Cariboo 1967 Fredericton

Tomato Scotia 1960 Kentville
Trent 1967 Smithfield
Rideau 1962 Ottawa
Starfire 1962 Brandon
Rocket 1966 Lacombe
Summerdawn 1962 Summerland

Peas Century 1960 Ottawa Field pea: yield $500,000/yr. incr.
Supersweet 1965 Brandon Freezing and canning
Earligreen I960 Morden Dwarf garden pea
Kemblue 1964 Kentville

Jo
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Table 2.8.1 continued

CROP VARIETY YEAR
LICENSED

RESEARCH STATION REMARKS

Eggplant Early Midget 1960 Morden Early
Cabbage Pee Wee 1966 Morden
Cabbage Little Leaguer 1966 Morden
Cabbage Junior 1966 Morden
Sweet Corn Gardentreat 1966 Ottawa
Rutabaga York 1963 Charlottetown

Apple Quinte 1964 Ottawa
Ranger 1964 Ottawa
Caravel 1964 Ottawa
Goodland 1960 Morden
Carroll 1961 Morden
Collet 1961 Morden
Garland 1961 Morden
Spartan 1936 Summerland Accepted in last 10 years : Present value $3 million

Peach Harrow Blood 1967 Harrow Rootstock: dwarfing: tolerance to peach borer
Siberian 1967 Harrow Rootstock: semi-dwarfing: tol. to perennial canker
Harbinger 1968 Harrow Winter hardy : quality: early
Harbelle 1968 Harrow Winter hardy : quality: early
Harmony 1968 Harrow Winter hardy : quality: freestone

Strawberry Cavalier 1957 Ottawa
Grenadier 1957 Ottawa
Guardsman 1957 Ottawa
Redcoat 1957 Ottawa
Protem 1964 Beaverlodge
Cheam 1968 Agassiz Winter hardy: disease resistant
Acadia 1964 Kentville
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Table 2.8.1 continued

CROP VARIETY YEAR RESEARCH STATION REMARKS
LICENSED

Raspberry Matsqui 1968 Agassiz
Boyne 1960 Morden
Ki llarney 1966 Morden
Avon 1967 Kentville

Crabapple Garry 1962 Morden
Selkirk 1962 Morden

Crataegus Snowbird 1968 Morden
Philadelphus Marjorie 1962 Morden

Audrey 1962 Morden
Lilac Miss Canada 1967 Morden
IVeigela Centennial 1967 Morden
Heuchera Brandon Pink 1964 Brandon
Aster Cupid 1960 Morden
Aster Fay 1960 Morden
Roses 2 vars. 1962, 1967 Brandon
Roses 3 vars. 1960 Morden
Monarda 4 vars. 1965 Brandon
Chrysanthemum 24 vars. 1960-67 Morden
Chrysanthemum 5 vars. 1967-68 Brandon
Chrysanthemum 27 vars. 1960-67 Lethbridge
Chrysanthemum 13 vars. 1964 Ottawa, P.R.I.
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2.8.2. Journal Articles

To the research scientist, publication of the results of his research in 

internationally distributed journals of high scientific repute is the means of 

communication with his colleagues and recognition by the scientific community 

most highly prized. It exposes his efforts to the critical examination of his 

peers and upon their decision his reputation depends. It provides the most 

effective means of rapid and widespread dissemination of information from which 

the research of others can progress, from which developmental research can 

proceed, and from which extension publication can be derived. It is the product 

of his research and the measure of his productivity.

With over 800 scientific publications a year, one can at least get some 

concept of the magnitude and vigour of the research effort of the Department 

(Table 2.8.2.). It is fully appreciated that the number of publications alone 

is no real measure of the quality of research performed. It is obvious that 

the list will contain papers ranging from the very trivial to the most pro

found contributions. And while it is not possible to evaluate each paper, a 

task that is performed annually in the assessment of each research officer for 

merit increase, it must be remembered that the least of them is of sufficient 

importance in its contribution to be acceptable to a discriminating editorial 

staff of reviewers.

In addition to scientific publications, over 360 miscellaneous publications 

are prepared each year by the research staff of the Department, ranging from 

extension publications and special reports to comprehensive review papers and 

technical books. While a complete listing is not possible, a partial list of 

those still available for distribution is contained in Apoendix 9 - "List of 

Publications, Canada Department of Agriculture, 1968".



Table 2.8.2 Number of Publications Canada Department Agriculture Research Units, 1963-1967

Establishment Scientific Journals Miscellaneous Publications

1963 1964 1965 1966 1967 Total 1963 1964 1965 1966 1967 Total

Agassiz 4 11 6 12 15 48 6 17 26 12 22 83
Kamloops 4 11 8 5 10 38 2 6 3 4 6 21
Saanichton 7 1 8 3 5 24 0 1 1 i 1 4
Summerland 24 27 15 30 28 124 30 30 30 30 30 150
Vancouver 20 22 12 22 20 96 8 12 2 2 4 28

Beaverlodge 6 5 7 6 7 31 2 4 11 6 7 30
Lacombe 15 6 8 7 14 50 9 20 8 11 10 58
Lethbridge 59 57 46 55 54 271 8 5 7 15 19 54

Indian Head 2 2 2 2 2 10
Melfort 5 3 1 1 1 11 1 6 5 12 0 24
Regina 2 4 3 3 8 20 1 5 3 5 1 15
Saskatoon 37 31 28 32 37 165 22 21 33 43 30 149
Swift Current 30 30 18 26 33 137 10 12 6 9 7 44

Brandon 16 9 16 8 6 55 2 6 4 8 1 21
Morden 8 9 4 5 7 33 7 8 8 14 10 47
Winnipeg 42 33 29 48 44 196 13 16 14 13 5 61

Chatham 10 18 11 9 48 7 7 4 2 20
Delhi 6 4 8 10 4 32 4 4 4 4 4 20
Harrow 21 17 14 14 35 101 5 13 7 5 3 33
Ottawa R.S. 14 22 17 33 18 104 22 21 4 27 17 91
Vineland 15 18 19 15 24 91 2 2 2 15 8 29
Smithfield 1 3 1 0 3 8 0 2 3 1 4 10

>
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Table 2.8.2. continued

Establishment Scientific Journals Miscellaneous Publications

1963 1964 1965 1966 1967 Total 1963 1964 1965 1966 1967 Total

La Pocatiere 8 5 7 5 2 27 10 16 2 8 0 36
L’Assomption 3 3 2 3 0 11 1 1 0 1 0 5
Lennoxville 2 1 7 4 5 19 - - - - - -

St. Jean 19 11 13 6 16 65 2 2 3 2 0 9-

Fredericton 16 39 22 25 21 123 10 8 3 9 6 36
Kentville 28 42 28 31 36 165 22 26 27 40 26 141
Charlottetown 12 18 13 15 19 77 8 10 2 2 6 28
St. John's W. 5 S 2 2 4 18 6 1 5 3 1 16

Belleville R.I. 35 34 34 44 45 192 13 13 17 6 7 56
London R.I. 19 32 21 30 25 127 7 5 4 3 2 21
Animal R.I. 37 32 25 20 28 142 1 4 i 1 3 10
Entomology R.I. 57 57 60 69 63 305 7 2 9 10 0 28
Cell Biology R.I. 19 18 17 13 39 106 3 3 3 4 4 17
Plant R.I. 48 48 48 48 48 240 18 18 18 18 18 90
Soil R.I. 28 34 32 40 52 186 1 4 2 5 13 25
Food R.I. 6 14 12 14 14 60 5 0 1 2 5 13
Engineering R.S. 18 17 7 16 16 74 6 ii 5 10 10 42
Statistical R.S. - - 5 5 10 22 - - - - - -

Analytical Chem. 8 11 12 10 15 56 0 2 0 2 2 6

Research Branch 714 761 646 746 831 3698 283 346 289 367 294 1579

Grain Res. Lab. 10 12 9 12 6 49 15 21 15 19 23 93
Animal Dis. R.I. 34 37 30 15 33 149 -

Economics Br. 56 67 47 66 78 314 36 27 29 23 26 141

Total 814 877 732 839 948 4210 334 394 333 409 343 1813

1208 
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2.8.3. Reports

Reference has been made to reports issued by CDA in Section 2.8.2. 

However, special mention may be made of the Research Reports prepared by each 

establishment of the Research Branch to cover their activities usually for the 

preceding one-to two-year period. A sample copy of these Research Reports, 

arbitrarily selected for the Vancouver Research Station, will be found as 

Appendix 10. Commencing in 1968, research reports of the Research Branch 

establishments will be consolidated in one report and issued annually.

The Grain Research Laboratory is responsible for the publication of a 

number of reports, including the Canadian Wheat Bulletin, Canadian Barley Crop 

Bulletin, Canadian Flax and Rapeseed Crop Bulletin, Canadian Wheat Cargoes, 

Canadian Durum Cargoes, Map of Protein of Canadian Hard Red Spring Wheat. An 

annual report covering the activities of the Grain Research Laboratory is 

issued separately.

In addition to its contributions to scientific journals, the Economics 

Branch publishes "Agriculture Abroad" which contains agricultural economics 

information and analyses on a global basis. Research reports on Canadian 

agricultural economics are also prepared by the Economics Branch and 

distributed by the Department. Staff of the Economics Branch also produce a 

substantial number of significant unpublished articles for internal use each 

year.

2.8.4. Conferences

The presentation of scientific papers and participation in seminars and 

discussion groups at scientific conferences provide an important means of com

munication of research results and of research in progress as well as the 

informal exchange of ideas.

Since 1959, the Treasury Board has imposed a maximum dollar amount to 

control the extent of participation by Agriculture employees in scientific 

meetings and out-service training courses. This annual quota is usually a 

little less than six per cent of the total provision of funds for travelling 

and removal expenses. It provides an average expenditure of just over $ 150 

per professional officer in the Research Branch. The actual quotas authorized 

by the Treasury Board for the past seven fiscal years have been as follows :

1962-63 $ 157,000
1963-64 150,000
1964-65 165,000
1965-66 170,000
1966-67 202,680
1967-68 240,154
1968-69 220,000
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Despite the financial limitations on conference attendance, CDA scientists 

have made a notable contribution to national and international conferences.

Their election to high executive positions, particularly in international 

organizations, is evidence of the high reputation of their research and 

organizational contributions.

2.8.5. Transfer of Foreign Scientific Information

Scientific journal publications prepared by CDA staff invariably contain 

world literature references pertinent to the subject of the paper. Special 

subject review papers are also published; such as those in the reviews 

published by Annual Reviews Inc., a series covering twelve science areas.

A number of 'in-house1 mimeographed publications, such as "Pesticide 

Progress", contain summaries of important advances made in foreign countries. 

These publications, while primarily intended for CDA information, do have wide 

extramural distribution in Canada.

CDA maintains a number of information centres which assemble and classify 

world information and which is made available to extramural agencies in Canada, 

including industry, e.g. Pesticide Technical Information Office, Food 

Technology Information Office, Engineering Services.

CDA Departmental Library is available to any extramural requests for world 

information and inter-library loans are routinely made.

Communications received from international organizations, in which Canadian 

participation is assigned to CDA, are transmitted to interested extramural 

agencies, e.g. FAO, OECD reports.

Commonwealth Agricultural Bureaux (See Section 2.1.d)

These are a group of organizations financed by British Commonwealth 

countries, together with the Republics of Ireland and the Sudan, and operating 

under an Executive Council of representatives of all contributing countries.

The principal function of the Bureaux is the maintenance of a world-wide 

agricultural abstracting service, together with the publication of fourteen, 

and support of four additional, abstracting journals. The Commonwealth 

Institute of Biological Control, located in Trinidad, collects and distributes 

parasites of destructive plants and insects.

During each year the fourteen C.A.B. abstracting journals publish in 

excess of 50,000 abstracts and titles selected from more than 10,000 periodi

cals and publications in all languages. Requests for information in excess of 

1,000 different subjects are handled annually, and research workers are
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supplied annually with more than 6,000 items of literature, translations, micro

films, etc. Special monographs, books and other publications are printed each 

year, some of these written by staff members, and each one providing the latest 

information on research techniques in its own field.

Canadian institutions are unable to purchase or subscribe to all of the 

journals numbering more than 10,000 which are abstracted by C.A.B. workers, and 

are also unable to provide translations of all work in foreign languages. Many 

of these journals are foreign language publications, which would require trans

lation services. Students and research workers must be provided with abstract

ing journals or it would be necessary to provide a similar organization to 

secure this required research information. If each member of the Commonwealth 

were to duplicate this effort, the overall costs would be much greater. By 

cooperating financially and maintaining the actual services in Great Britain, 

the cost to Commonwealth countries is minimized.

2.8.6. Important Alumni of CPA

Research Branch. The Research Branch has been a favoured recruitment 

source for both Canadian and U.S. university staff. Although a record of those 

who have left to join U.S. universities has not been kept, the list below shows 

the substantial contribution made to Canadian universities. The list includes 

only those currently active.

Special mention may be made of Dr. Robert Glen, formerly Assistant Deputy 

Minister (Research), who recently resigned to accept the position in the U.K. 

of Secretary, Commonwealth Scientific Committee.
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2.8.6.

Research Branch

U. of British Columbia

Dr. C.O. Person

U. of Saskatchewan

Dr. S.H. Nelson 
Mr. D. Dabbs 
Dr. E.A. Maginnés 
Dr. H.H. Nicholson 
Dr. B.D. Owen 
Mr. J.B. O'Neil 
Mr. R.Y. Zacharuk 
Dr. W.J. White 
Mr. A. Wenhardt

U. of Guelph

Dr. E.G. Beauchamp 
Mr. D.W. Hoffman 
Dr. G.H. Bowman 
Dr. B.H. MacNeill 
Dr. N.R. Richards 
Dr. K. Kasha 
Dr. F.E. Chase 
Dr. W.H. Wilde 
Dr. R. Protz

Trent University

Dr. R.L. Edwards

Carleton University

Dr. P.E. Lee 
Dr. C.A. Barlow 
Dr. V.N. Iyer

U. of Montreal

Dr. J.L. Auclair

Université de Laval

Dr. J.E. Chevrette 
Dr. G. Brisson 
Dr. P. Gervais 
Dr. R.O. Lachance 
Dr. P. Lupien 
Dr. W. Holtmann 
Mr. J.P. Lemay 
Mr. L. Cinq-Mars 
Mr. F. Gauthier 
Mr. J.P. Julien 
Dr. R.A. Lachance 
Dr. H.R. Therrien 
Dr. M. Lepage 
Dr. G. Ouellette 
Dr. R. Riel 
Dr. S. Bourget 
Mr. R. Baril 
Mr. G. Provencher

U. of New Brunswick

Staff Now On The Staffs Of Canadian Universities

U. of Alberta

Dr. W.P. Skoropad 
Dr. N. Colotelo 
Dr. G.R. Webster 
Dr. F.D. Cook 
Dr. G. Armstrong 
Dr. N.B. Madsen

l). of Manitoba

Dr. R.C. McGinnis 
Dr. A.G. Robinson 
Dr. J.D. Campbell 
Dr. W.G. Barker 
Dr. H.E. Welch 
Dr. M.A. Zwarich 
Dr. G.E. Laliberte 
Dr. J.A. Anderson

U. of Western Ontario

Dr. B.G. Gumming 
Dr. W.E. McKeen 
Dr. E.H. Colhoun 
Mr. J.A. George

U. of Toronto

Dr. D.A. Chant 
Dr. Z.E. Patrick 
Dr. D.G. Friend

Macdonald College. McGill

Dr. W.E. Sackston 
Dr. J.F.G. Millette 
Dr. J.M. Ingram 
Dr. N.C. Lawson

University of Sherbrooke

Dr. J. Juillet

Simon Fraser Univ.

Dr. B.P. Beime 
Dr. P. Belton 
Dr. J.M. Webster 
Mrs. T. Finlayson 
Dr. J.S. Barlow 
Dr. J.P.M. Mackauer 
Dr. K.K. Nair 
Dr. A.L. Turnbull

Victoria Universit;'

Dr. D.J. Ballantyne

Queen's University

Dr. B.N. Smaliman 
Dr. A.E.R. Downe

Waterloo University

Dr. B. Kendrick 

Windsor University 

Dr. W.G. Benedict 

McMaster University

Dr. I. Takahashi 

McGill University

Dr. L. Wolfe

Mount Allison University

Dr. P. Chandra 

Memorial University

Dr. O.A. Olsen

Dr. O.T. Page 
Dr. L.A. Dionne
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Economics Branch

(a) Senior federal government officers

(1) C.V. Parker, Director, Agriculture Division, D.B.S.
(2) W. Porter, Director, Census Division, D.B.S.
(3) L. Poetschke, Director, Policies and Planning, ARDA
(4) J.A. Dawson, Economic Council of Canada
(5) D. Laughton, Director, Agriculture § Fisheries Branch,

Department of Trade and Commerce
(6) Roger Perrault, Chairman, Canadian Livestock Feed Board

(b) Senior provincial government officers

(1)
(2)
(3)

(4)

(5)

C.H. Chisholm, Minister of Agriculture, Nova Scotia
A. H. Turner, Deputy Minister of Agriculture, British

Columbia
B. H. Kristjanson, Deputy Minister, Economic Development,

Manitoba
H.L. Patterson, Director, Farm Economics, Statistics and 

Co-operatives Branch, Ontario Department of 
Agriculture and Food

L.B. Kristjanson, formerly Assistant Deputy Minister,
Manitoba Department of Agriculture and now with FAO

(c) In universities

(1) H. Harries, M.P., Dean of the School of Commerce,
University of Alberta

(2) H.C. Abell, Ph.D., formerly Professor of Sociology,
Ontario Agricultural College, now with University 
of Waterloo

(3) W.G. Gainer, Ph.D., Department of Political Economy,
University of Alberta

(4) C.B. Haver, Associate Professor, Macdonald College
of McGill University

(5) P.J. Thair, Ph.D., Associate Professor, Department of
Agricultural Economics, University of Saskatchewan

(6) R.C. Nicholson, Ph.D., Assistant Professor, Department
of Agricultural Economics, University of Saskatchewan

(7) S.D. Staniforth, Ph.D., Professor of Agricultural
Economics, University of Wisconsin

(d) In business

K. Leckie, General Manager, Meat Packers Council of 
Canada

J.W. Clarke, former President, Winnipeg Grain Exchange, 
now with Hedlin-Menzies (consultant firm)

(e) Others

W.J. Anderson, former Director of Research, Agricultural
Economics Research Council of Canada, now with Harvard 
Institute of International Affairs 

R.G. Knowles, former Director, Farm Broadcast Series, CBC, 
now with FAO.
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Grain Research Laboratory

Dr. W. Bushuk, Professor of Plant Science, University of Manitoba. 

Dr. C.C. Tsen, Amercian Institute of Baking, Chicago, Ill.

Dr. J.A. Clayton, Fisheries Research Board, Winnipeg, Manitoba. 

Animal Pathology Division

Dr. D. McKercher, California 

Dr. P. McKercher, Plum Island.
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2.8.7. Research teams

There arc many notable examples of outstanding groups which have made 

and are making important contributions to scientific knowledge as well as to 

the solution of practical agricultural problems. Among these might be 

mentioned the following teams :

- animal biochemistry in the Animal Research Institute

- animal nutrition in the Animal Research Institute

- poultry genetics in the Animal Research Institute

- insect systematics in the Entomology Research Institute

- microbial biochemistry in the Cell Biology Research Institute

- virus chemistry in the Vancouver Research Station

- virus-vector relations in the Cell Biology Research Institute

- integrated chemical and biological control of orchard insects at 

Kentville Research Station

- potato breeding program at Fredericton

- parasitic nematode studies at Vineland Research Station

- the tobacco research program at Delhi Research Station

- biological control of insect pests at the Belleville Research Institute

- taxonomic mycology and phanerogamic taxonomy in the Plant Research 

Institute

- cereal breeding for disease resistance at Winnipeg Research Station

- biochemical mechanisms of insecticide action at the London Research 

Institute.

The Working Committee, currently engaged in developing the Canadian Farm 

Management Data System (CANFARM) is considered to have both unique and valued 

abilities. This team, formed in 1965 and expanded since, is composed of 

representatives from universities and federal agencies.

The team works under the general guidance of the National Farm Management 

Committee which, in turn, is responsible to the Canadian Agricultural Services 

Coordinating Committee (see 2.1.b.) .

Its uniqueness is in the combination of abilities rather than in the 

abilities of the individual team members. This team brings together the 

knowledge and expertise of experienced research economists, farm management 

specialists and computer experts in developing a national system of unpre

cedented potential to farmer, extension economist, research economist and 

policy-maker. (Economics Branch)
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In recent years, Canada has made a significant contribution to 

international discussions, negotiations and the development of multilateral 

programs relating to agricultural trade and aid. The consistently high 

calibre of Canadian proposals and negotiating positions that have contributed 

to the establishment of the World Food Program, the General Agreement on 

Tariffs and-Trade, the International Grains Agreement and Sugar Agreement, 

the successful contribution to and benefits from major negotiations such as 

the "Kennedy Round", various programs and policies of the U.N. Food and 

Agriculture Organization (FAO) and the Organization for Economic Co-operation 

and Development (OECD) and other international forums, have resulted from an 

interdepartmental team effort. A research program centered in the Marketing 

and Trade Services Division of the Economics Branch, has aimed at providing 

full factual information necessary for the development of Canadian positions 

under various contingencies which arise in the international field and the 

growth of a pool of expertise for Canadian delegations.

2.8.8. Equipment and methodology 

Immuno-osmophoresis

A new technique has been developed for the rapid detection of plant 

viruses and is now used by U.S. Army Medical Corps for quick diagnosis of 

several tropical virus diseases in man.

Research in the field of plant virus infection and inhibition has led 

to a number of applications or good potentials for application. The technique 

which we devised and named immuno-osmophoresis, arose during the course of our 

research into the cytological consequences of virus infection, when we required 

a rapid and very sensitive method to detect extremely small amounts of virus 

even in crude tissue preparations. Although this method was at first applied 

only to the two or three viruses with which we were then working, we subse

quently modified the technique so that it was universally applicable to all 

viruses, and, indeed, to all proteins. This technique has now been adopted 

as a routine method for diagnosis of certain human viruses in some medical 

laboratories, because of its quantitative accuracy, its simplicity and its 

rapidity in obtaining the results.

(Vancouver Research Station)
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Controlled environment facilities

engineering Research Service has been a world leader in the design of 

controlled environment facilities for plant growth studies. The extensive 

work done in this area has allowed several Canadian companies to start 

manufacture of these chambers and compete successfully on world markets.

(Engineering Research Service)

Insecticide residue determination

Development of sensitive and specific methods for determining residues 

of insecticides is a prerequisite to any studies on their persistence in soil 

and plant tissues or on their translocation from soil into various crops. 

Electron capture gas chromatographic methods have been developed at Saskatoon 

for determining residues of aldrin, heptachlor, a-chlordane, dieldrin and 

endrin in wheat and, with modifications, for other crops and soil. Extraction 

efficiencies are high so that the results are valid for interpretation of 

residue hazards.

(Saskatoon Research Station)

Microplot technique for screening insecticides

The development of mass rearing techniques for certain insects of 

economic importance together with the discovery of conditions controlling 

diapause resulted in a steady source of insects for laboratory evaluation of 

insecticides and finally the development of the microplot technique for the 

last step in screening insecticides. This has not only saved considerable 

manpower but also accelerated the final evaluation by a couple of years. 

Following the establishment of base line toxicity data the mapping of the 

development of resistance to specific insecticides by soil insects was 

possible. Using the above rearing and storing techniques sources of resistant 

and susceptible insects have been maintained. This service has enabled inves

tigators to check on the development of resistance and thus warn of the need 

to switch to another insecticide.

(London Research Institute)

A fluorometric method of selenium analysis

Selenium has been categorized as an essential dietary trace element in 

higher animals and its role has been established in controlling, preventing 

and protecting animals against a wide spectrum of deficiency diseases. However, 

selenium is a very toxic element and this presents problems concerning its use 

to treat animals which will later be used for food. The presence of trace

29370—12
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amounts of selenium from natural sources in most foods and biological materials 

further complicates the problem of establishing the actual amounts added as a 

residue due to its therapeutic use.

A precise, accurate and convenient fluorometric method of analysis valid 

down to the nanogram range has been developed and tested by Analytical Chem

istry Research Service of the Research Branch. The availability of this 

reliable procedure has stimulated various lines of research directed both to 

increasing basic knowledge regarding the role of selenium and to establishing 

the optimum benefits from its use.

(Analytical Chemistry Research Service)

Determination of arsenic residues

Work on arsenic methodology was necessary because of the continued use 

of arsenicals for agricultural purposes and the need to protect the export of 

Canadian products from unjustified exclusion on the basis of high residues. 

Conflicting claims regarding the actual levels of arsenic residues were 

resolved after the method of analysis developed by Analytical Chemistry 

Research Service of the Research Branch was established as Official, final 

action, through the A.O.A.C. This reliable method continues to serve as the 

universal basis for deriving authoritative data on arsenic residues in 

biological materials.

(Analytical Chemistry Research Service)

Analysis for winter-hardiness

Development of laboratory methods for component analysis of winter

hardiness in tree fruits : electrical impedance measurement of wood maturation; 

natural bioelectric and activated potential measurement to determine the depth 

of dormancy and pollen analytical methods to assess genetic differences in 

threshold temperature responses and growth efficiency under conditions of sub- 

optimal temperature.

(Harrow Research Station)

Steroid hormone identification

Precise techniques for the isolation and identification of steroid 

hormones have been developed. Approximately 50 different steroids have been 

isolated and characterized with respect to structure and isomerism. Mathe

matical equations have been developed to allow a prediction of unknown steroids 

from their retention times on capillary columns in gas liquid chromatography.

(Animal Research Institute)
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Quantitative measurement of pest infestation on livestock

Distribution of bloodsucking flies on cattle have been found to conform 

to an exponential function when rates of infestation approach the steady state. 

This mathematical relation between numbers of animals and pests provides the 

first provisional scientific basis for a quantitative measurement of pest 

infestations on livestock. It has immediate application in an economic evalua

tion of pesticides and of methods of treatment for operational purposes in both 

animal production and in the agricultural chemical industry.

(Lethbridge Research Station)

Evaporation estimator

The balance between precipation and évapotranspiration largely determines 

agricultural production potentials in Canada. Baier and Robertson developed a 

technique for estimating daily evaporation from standard climatic data. Evap

oration can now be calculated for some 600 weather stations at which daily 
records of temperatures are maintained but no evaporation records are available.

(Plant Research Institute)

Ultrasonic measurement of soil moisture

The first breakthrough in the measurement of soil moisture by utilizing 

ultrasonic energy was made by Engineering Research Service recently. This and 

current work will result in an instrument for instantaneous field measurements 

for research or for farm management.

(Engineering Research Service) 

Determination of milling and baking quality in wheat

The overall contribution of engineering to biological research has been 

the development of apparatus and techniques to increase the accuracy and 

efficiency of research. Several devices have been developed for improving the 

methods used to evaluate the quality of wheat flour in genetic research and 

production control. Preparatiôn of milled test samples has been speeded up 

tenfold. New apparatus to measure the resilience, fermentation and mixing 

properties of dough have opened new avenues of research, speeded up testing 

and replaced subjective with objective measurements.

(Engineering Research Service)

Determination of egg shell strength

Extensive rescarcli into the strength of the hen's eggshell has brought 

several fundamental facts to light which have allowed a fuller understanding 

of the failure mechanism of the shell. This has led researchers at two

29370—121
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Canadian universities to take up work in this field. It is now possible to 

measure shell strength and thus provide the means for genetic and nutritional 

research in this area which should reduce the millions of dollars lost per 

year in cracked and broken eggs.

(Engineering Research Service)

Map of Plant Hardiness Zones

The farm value of woody ornamentals produced annually in Canada is about 

4.5 million dollars and the total value sold is probably close to 10 million 

dollars. An important percentage of these plants (about 10*) are winter killed 

because they are not adapted to the regions where they are planted. A zonation 

map completed in 1967 by the Agrometeorology and Ornamental Plant Sections 

gives the suitability of the different regions of the country for the winter 

survival of ornamental trees and shrubs. The value of such a map cannot be 

measured in terms of dollars but nurserymen and garden journals have expressed 

their appreciation by using and publishing it extensively. If 10 per cent of 

the plants sold were selected on the basis of the map, we are talking about at 

least a million dollars per year.

(Plant Research Institute)

Tests for animal diseases

Complement fixation tests have been developed for bluetongue, 

toxoplasmosis, anaplasmosis, and African swine fever. Immune fluorescent 

tests for toxoplasmosis, rabies, African swine fever, hog cholera, bluetongue, 

bovine virus diarrhea have been established. A monitoring system for control 

of hatchery sanitation has been developed.

(Animal Disease Research Institute) 

2.8.9. Examples of economic and scientific contributions

Reference has been made in Section 2.8.1. to the impact of the extensive 

breeding program in the development of new varieties on the agricultural 

economy.

Listed below are additional selected examples of CDA research contri

butions which have importance to the Canadian economy or to the advancement of 

scientific knowledge.

Certification of Canadian tobacco as Maleic Hydrazide free

The Ontario Flue-Cured Tobacco Growers' Marketing Board oppose the 

treatment of tobacco crops with the growth regulator, Maleic Hydrazide,

(MU-30), in a sustained effort to enhance the price of Canadian tobaccos
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and to increase the tonnage of Canadian tobacco exports which amounted to about 

66 million pounds in 1967. In the absence of a valid laboratory method for the 

accurate determination of MU-30 residues, the Marketing Board considered aban

doning its stand against use of this means of chemical suckering. At their 

request a specific, interference-free method of analysis was developed by 

Analytical Chemistry Research Service of the Research Branch and is now the 

established basis for enforcing The Farm Products Grades and Sales Act respect

ing the use of Mil-30 on flue-cured tobacco.

Following a request by the Ontario Department of Agriculture and Food 

for further help in developing a rapid test which could be used to screen 

representative samples from the entire tobacco crop for MH-30 residues, such 

a method was perfected and demonstrated to the enforcement agency.

Because of the present resistance to the purchase of Rhodesian tobacco, 

Canada can expect to export 70 to 80 percent more tobacco especially by 

complying with the insistence of foreign purchasers for tobacco guaranteed 

free from residues of Maleic Hydrazide.

(Analytical Chemistry Research Services, Ottawa.) 

Insect control in tobacco and vegetables

The development of the chemical control of seed maggots in tobacco has 

resulted in the elimination of the 15-20% loss formerly occurring in the 

$100,000,000 tobacco crop. Seed treatment of field and vegetable crops by 

specific chemicals has resulted in perfect control of the insects which 

formerly had wiped out whole fields.

(London Research Institute)

Vacuum fumigation of foods

The effectiveness of vacuum fumigation of foodstuffs has been improved 

by the application of modified techniques developed as a result of research 

done in the Institute. Laboratory studies here have shown that the normal 

characteristic odour of the fumigant, phosphine, cannot be used as a measure 

of safety since it is preferentially absorbed by some material and thus makes 

the use of chemical indicators more important.

(London Research Institute)

Liming of acid soils

Research has shown use of adequate limestone for cereal and forage crops 

on acid podzols increases yield by as high as 100% and doubles the efficiency 

of fertilizer applied to these crops. It is estimated that yield increases
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duc to h i >* lie- r rut vs of liming ami fertilization would amount to hundreds of 

thousands of dollars in the Maritime Provinces.

(Charlottetown Research Station)

Fertilizers for broccoli and Brussels sprouts

The nitrogen, phosphorus and potassium requirements of broccoli and 

Brussels sprouts have been described. This has resulted in more efficient 

fertilizer use and increased yields. The findings have international appli

cation so monetary evaluation is difficult to assess. It is estimated that 

the yield increase on 600 acres in P.E.I. alone would have a farm value of 

approximately $30,000 annually.

(Charlottetown Research Station)

Chemical control of root maggots

Developing methods of applying insecticides for efficient control of 

root maggots attacking cruciferous crops has resulted in increased profits 

to farmers of $300 to $1,000 per acre. A machine was developed for applying 

insecticide and crucifer seeds at precise levels in the soil and commercial 

models of the machine arc now in use in the Maritime Provinces and Northeastern 

U.S.

(Charlottetown Research Station)

Controlled atmosphere storage of apples

Development of a practical and cheap method for controlling CO2 levels 

in storages through the use of a dry hydrated lime "scrubber". Approximately 

75% of the CA storages in the United Kingdom use this system, and it is being 

adopted extensively in Holland, Belgium, USA as well as Canada. Recent studies 

of a CA storage which contained 288,000 bushels of apples showed this method 

of CO2 control to be 6 cents per bushel cheaper than the previously recommended 

system. This amounts to a saving of at least $120,000 per year in Canada.

(Kcntville Research Station)

Transit injury to pears

Development of polyethylene lined boxes with hydrated lime inserts for 

prevention of C02 injury to pears in transit. This system was used in making 

the first shipments of fruit in bulk containers with controlled atmospheres. 

Apples were shipped to West Indies in 1960 and pears to the United Kingdom in 

1965.

(Kcntville Research Station)
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Storage of hatching eggs

Several discoveries in the handling and methods of storing hatching eggs 

have been applied directly by the poultry industry. By rough calculations it 

is estimated that the application of these findings should represent a saving 

to the industry of at least one million dollars per annum.

(1) Discovered that enclosing the egg pack in sealed plastic film effec

tively improves hatchability if chicken eggs are held for two weeks or longer 

by inhibiting dehydration and release of C02 and thereby stabilizing the pi I of 

the egg albumen resulting in a more tolerable environment for the dormant 

embryo.

(ii) Further research revealed that using a gas impermeable film and 

flushing with nitrogen gas to reduce the oxygen level to about 4% further 

extended the storage life of the dormant embryo.

(iii) Obtained evidence indicating that the most favourable egg storage 

atmosphere contains about 3-4% oxygen, low levels of carbon dioxide and about 

96% nitrogen.

(iv) Developed a technique for sealing the fractured shells of eggs 

making them suitable for hatching purposes.

(v) Discovered that the orientation of the egg during storage was 

important for the realization of optimum hatchability with eggs packed in 

the small-end-up position hatching better than eggs packed in the "normal" 

small-end-down position with storage periods up to 4 weeks. An additional 

gain in the efficiency of handling hatching eggs in storage was achieved by 

eliminating the need for turning eggs during storage when this pack orienta

tion is used.

(Kentville Research Station)

Control of bacterial ring rot of potatoes

Des travaux de recherches sur les moyens de contrôle du flétrissement 

bactérien de la pomme de terre ont démontré que l'élimination des planteurs 

à pic et l'usage des tubercules entiers comme semence préviendraient la dis

sémination de cette maladie, augmenteraient les rendements et offriraient une 

meilleure garantie à l'exportation. On poursuit l'étude du mécanisme de la 

résistance de certaines lignées ou variétés à cette maladie, ce qui devrait 

aider les généticiens dans le croisement des lignées résistantes.

JL

(La Pocaticrc Research Station)
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Fall-sown oats

Dormoats, a new class of oats, has been developed by transferring the 

seed dormancy of Avena fatua to the cultivated oat (A. sativa). When sown in 

the autumn, these oats remain dormant but viable over winter, germinate early 

in the spring, grow well in the cool moist conditions of May and June and 

ripen earlier than spring sown seed. Although low spring emergence is a 

problem that must be solved, Dormoats show great potential for minimizing 

the rust and Septoria problem (by means of their early maturity) and for 

raising the yield barrier (up to 25%).

(Ottawa Research Station)

Control of transit decay of strawberries

Cobalt 90 irradiation at dosages of 300,000 rads retarded fungal growth 

of fresh strawberries for periods of up to 4 weeks depending upon storage 

temperature. Tests indicated that this dosage increased shelf life by 18,
6, and 3 days at 40, 55 and 70°F respectively. Gamma radiation would thus 

permit long distance shipment of strawberries with significantly lower losses 

due to fungal breakdown and loss of quality.

(St. Jean Research Station)

Pest control of fruit and tobacco crops in Ontario

In the past ten years, we believe that the Vineland Research Station has 

saved the fruit industry in Ontario approximately $1 million dollars per annum 

from the following phases of our research programs directed to chemical control 

of tree fruit pests:

(i) Substitution of new pesticides in the annual recommendations, based 

on rapid-testing techniques developed here, to offset resistance of 

many insects to the earlier organic pesticides.

(ii) Development of a system for continually monitoring the level*- of 

resistance in orchard mites to a wide range of pesticides and the 

switching of materials in the annual recommendations to limit such 

resistance spreading.

(iii) Adoption of new, improved fungicides for disease control into the 

complicated spray program.

(iv) Research on spray deposits by different types of sprayers and

nozzle arrangements show marked differences in type and amount of
i

deposits. Growers can be shown how to reduce their insecticide 

costs by one-third to one-half through the proper adjustment of
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nozzles and operation of their sprayers.

(v) The development by our chemist of rapid, colorometric methods for 

the quantitative analysis of residues on foliage. This is a very 

useful tool for the rapid assessment in the field of the distri

bution and fate of pesticide deposits by various types of sprayers 

on different types of trees and on the rate of weathering of the 

deposits.

(vi) The strawberry industry in Ontario is now saving approximately 

1 million dollars from research on the cause and control of 

"cat-facing1*.

(vii) The cherry industry is now saving at least one-quarter of a 

million dollars per annum from research on control of cherry 

viruses.

(viii) The development of chemical controls for plant parasitic nematodes 

in flue cured tobacco is now saving that industry at least $3 

million annually.

(ix) The development of chemical controls for plant parasitic nematodes 

in a wide range of fruit, vegetable and horticultural crops in 

Ontario is now saving the horticultural industry at least $1 mil

lion annually.

(Vineland Research Station)

Control of sugar beet insects

Research into control of insect pests on sugar beets has permitted 

farmers to harvest two to five tons more per acre in the Winnipeg area. With 

a price of $15.00 per ton, and about 25,000 acres sown to beets per year, the 

annual increase in farm return from this work amounts to $750,000.

(Winnipeg Research Station)

Control of stored grain insects

Research on the control of stored product insects permits effective 

control under Canadian conditions. Occasionally serious outbreaks do occur 

and arc usually the result of not following recommendations. In periods of 

grain surpluses when large volumes of grain must be stored for several years 

under inadequate conditions losses to insects, mites, and molds can be and 

frequently are extensive, liven under these conditions, however, losses can 

be minimized if the control recommendations are followed. In this case it is 

impossible to place a dollar figure on the value of the research since research
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has prevented the losses and we do not know the potential damage.

(Winnipeg Research Station)

Varietal resistance to flax rust

Race 300 of flax rust was discovered in 1963 virulent on the popular 

variety Marine, as well as Cree and Arny. Resulting removal of these varieties 

from recommended list and change by growers to other varieties is estimated to 

have prevented losses of $12,222,000. The discovery also caused major changes 

in flax breeding programs of Canada and U..S.

(Morden Research Station)

Weed control in cereal crops

In 1958, 12,000,000 acres of cereal crops on the prairies were sprayed 

with 2,4-D or MCPA. That was 12 years after the introduction of these herbi

cides and serious problems were developing with resistant weed species.

By 1967 the use of the above materials has increased so that now 

27,000,000 acres (about 70% of the cereal crop acreage) are being treated 

annually. In addition, during this period several new herbicides have been 

introduced to take care of weeds not previously controlled. Some of the newer 

materials are diallate, triallate, barban, dicamba, bromoxynil, mecoprop, 

dichlorprop. Reliable data on the amounts of the new materials used are not 

available but I estimate that about 8 to 9,000,000 acres were treated in 1967.

The total cost of the chemicals used on field crops could be $18,000,000 

with another $7,000,000 for cost of application. The average losses caused by 

weeds can be safely estimated at 15%. Thus, if 36 million acres are sprayed 

and an average yield of 18 bu/acre obtained, the potential yield increase is 

97 million bushels with a value of perhaps $140,000,000. Thus, the net benefit 

from the use of herbicides in grain crops on the prairies can be estimated at 

$115,000,000 each year.

Weed scientists at Regina Research Station, cooperated with industry, 

to make this development possible.

(Regina Research Station)

Control of green foxtail in oats and barley

Research initiated at Brandon and collaborated in by other Research 

centres resulted in the extension of recommendations for safe use of TCA 

to include treatment of oats and barley at 1-2 lb/a to control this weed.

This resulted in a dramatic increase in sales of this inexpensive herbicide 

from 83,000 lb in Manitoba in 1964 to 522,500 lb in 1967. Even allowing for
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a tremendous increase in use for crops previously covered in the recommendations 

it was estimated that 250,000 lb of TCA was used to treat 200,000 acres of oats 

and barley in 1967. With a net return of $2.00/a as a result of treatment this 

would represent $400,000 increase in net income in Manitoba alone due to control 

of this weed.

Control of Wild Oats in wheat, barley and flax

Research at Brandon in cc-operation with other Research centres is estima

ted to have produced an additional net return of $1,000,000 for Manitoba farmers 

in 1967. This is based on an estimated yield increase of 2-5 bu/a because of 

control of wild oats. Allowing for the ebst of the chemical and application, 

it is further estimated that a net benefit of $3.00/a (equivalent to 2 bu of 

wheat) would be reasonable and this applied to 339,000 acres of treated land 

in 1967 would result in one million dollars otherwise lost to the weed in 

Manitoba.

(Brandon Research Station)

Reduction of summerfallow

Results of tests on coarse textured soil in northeastern Saskatchewan 

show that where farmers replace the standard three-year grain rotation (where 

one-third of the land lies idle in summerfallow each year) with a longer term 

grain, forage sequence (where complete summerfallowing is reduced to one year 

in six) they can increase the total return from their land. On one soil (White 

Fox sandy loam) this change increased the return from $17.50 to over $30.00 per 

cultivated acre.

On medium and fine-textured soils in the area, carefully managed stubble 

will produce more than 759o as much grain as summerfallow land. The data show 

that through modern technology (fertilizer, weed control, and management prac

tices) farmers can reduce the acreage of land in summerfallow to 35% or less 

and increase their net returns by as much as $9.00 per cultivated acre.

(Melfort Research Station)

Wheat production under dry land conditions

In recent years we have had low precipitation, but farmers using good 

practices have grown reasonably good crops. Our long term records show that 

the relationship between wheat yields and precipitation at Swift Current in 

the late 1920's was about 1.1 bushels per inch of precipitation. This has 

gradually increased to about 1.7 bushels per inch in the early 1960's. We 

attribute this to the application of new technology, including new varieties,
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techniques of moisture conservation, weed control, and better equipment. The 

advantage of the new technology is most noticeable in the dry years. Research 

at the Swift Current Research Station has contributed materially.

(Swift Current Research Station)

Heterosis in beef cattle

Studies with the Highland and Hereford breeds at Manyberries have 

contributed significantly to the heterosis data being accumulated throughout 

North America. As now applied in the industry, the results of the work will 

provide for the following increases in production: calf survival, 2 to 5®; 

weaning weight and yearling weight, 5%; crossbred cow conception rate, 3 to 

6%; and weaning weight of calves from crossbred cows, 6%. The total difference 

(in percent increase of yearling weight produced per cow bred) between con

tinuous straightbreeding and systematic crossbreeding (using the crossbred cow) 

could be as high as 25%.

(Lethbridge Research Station)

Starter ration for beef cattle

Starter rations for beef cattle devised to permit self-feeding of 

concentrate feeds to cattle immediately after being put in the feedlot save 

hand feeding for 3 to 4 weeks. The starter ration has reduced feed required 

to reach market weight, risk of digestive upset and death when cattle are going 

onto feed, and labor and equipment required to feed the cattle. It is esti

mated to be worth approximately $1,000,000 annually to the Alberta cattle 

feeding industry. -

(Lethbridge Research Station)

Soil erosion control

Research at Lethbridge lias shown that if most or all of the topsoil is 

removed by wind erosion or by other agencies, yields of grain will be reduced 

by 50% or more in most years (10-year averages were 28 and 10 bushels of 

barley). Plant residue conservation experiments continued during the past 

10 years have provided a factual basis for the selection and use of equipment 

in the application of the trash-cover conservation practices. Cultural tech

niques that gave the best erosion protection (usually with a minimum of tillage 

effort), i.e., the trash-cover fallow, were shown to produce the best yields in 

most years of a 10-year study. Farmer acceptance of the practice is increasing 

and a gradual reduction in the wind-erosion hazard is evident.

(Lethbridge Research Station)
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Fertilization of cereals on dry land

A significant proportion of the increased use of fertilizers on dry land 

cereal crops in southern Alberta must be attributed to the recommendations for 

its use that have arisen from the tests conducted by the Lethbridge Research 

Station. Fertilizer use in Alberta has increased from approximately 80,000 

tons used in 1959-60 to 411,000 tons in 1966-67. A large proportion of this 

increase lias occurred in the southern part of the province.

(Lethbridge Research Station)

Efficient irrigation of crops

Evapotranspiration data for irrigated crops have been related to con

currently measured meteorological variables. Application of these relation

ships has enabled extension personnel to provide a widespread irrigation 

scheduling service. Substantial yield increases have been attributed to this 

program.

(Lethbridge Research Station)

Fertilizer use on irrigated land

Reasonable estimates of growers' per acre yield increases during the 

past 10 years, as a direct result of fertilizer research on irrigated crops 

arc as follows: potatoes, 7 to 10 tons; field peas, 1,000 to 1,500 pounds ; 

green peas, l] to 2 tons; and bush beans, 2\ to 3| tons. Judicious use of 

fertilizer and proper irrigation has enabled malting barley to be established 

as a high yielding good quality crop on irrigated land.

(Lethbridge Research Station)

Fertilization of range land

Experiments with the increasing rate fertilizer spreader have demon

strated that economic responses to fertilizer applications can be obtained 

on cultivated hay land or seeded range land of the prairies, but not on 

native grasslands. Much higher rates than previously recommended can be 

applied profitably. The use of recommended fertilizing practices could double 

the cattle population and greatly increase the value of the western hay crop.

(Lethbridge Research Station)

Corn for silage

Variety and cultural trials have demonstrated that corn can be grown 

successfully for silage in southern Alberta. Corn could produce twice as 

much energy per acre as is now being produced by traditional feed crops. 

Converted to livestock products this would give an additional net value of
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$(>,000,000 annually to the livestock industry of southern Alberta.

(Lethbridge Research Station)

Reseeding of native range

Reseeding experiments have shown that when native grasslands are replaced 

by Russian wild rye and alfalfa the animal carrying capacity is approximately 

tripled. In southern Alberta alone this1 could increase the value of the calf 

crop by about $50,000,0d0 annually.

(Lethbridge Research Station) 

Nematode transmission of bacterial wilt of alfalfa

The alfalfa stem nematode has been found to accelerate the decline in 

hay yields caused by bacterial wilt. The nematode also predisposes one of 

the wilt-resistant varieties to wilt and has made it advisable to include 

nematode resistance in alfalfa varieties destined for use in southern Alberta.

(Lethbridge Research Station)

Lacombe hog breed

Lacombe breed development - superior growth rate, superior carcass 

merit, substantial evidence of superior resistance to respiratory infections. 

Breed now comprises 12% of Canadian purebred seed stock and is claimed by 

provincial authorities (Man., Sask., Alta.) to sire approximately 50% of 

commercial hogs marketed in these provinces. Provided the first opportunity 

for systematic use of hybrid vigor and was a basic stimulus to development of 

constructive cross breeding operations. Based on reduced overhead because of 

speed to market - 2 million hogs with Lacombe blood could mean a saving of up 

to $4,000,000 annually.

(Lacombe Research Station)

Increase nitrogen application on saline soils

Discovery of a nutritional disorder common to crops grown on Solonetzic 

soils. It was found that Solonetzic soils, because of the saline conditions 

under which they developed have a very low capacity to release nitrogen by 

biological processes. Ordinary rates of application of nitrogen were found 

to be far too low to meet crop requirements on these soils. There has been a 

very marked increase in fertilizer use on solonetzic soils. A reliable 

estimate of the profits resulting from this finding is unavailable. However, 

profits of more than $10.00 per acre per year arc common. If a modest area 

of 100,000 acres of the more than 15,000,000 acres of Solonetzic soils has 

been properly fertilized then profits exceed $1,000,000 per year.

(Lacombe Research Station)
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Development of Bush land

During the past ten years, precise depths, times and the most suitable 

equipment for clearing, breaking and seedbed preparation of bushland for 

agricultural cropping have been developed and fertility requirements estab

lished for initial cropping. Application of this broad group of methods will 

conservatively increase net return per acre by 10 dollars during the first 

three cropping years. With 200,000 acres being developed annually the net 

benefit to the industry of application of these methods is 2 million dollars. 

With 10 million acres of bushland yet to be developed, the total benefit to 

the industry could approach 100 million dollars.

(Beaverlodge Research Station) 

Development of the concentrate method of spray application

Research started prior to 1958, and continued to 1963, has resulted in 

the general acceptance of compact, light, less expensive air-blast sprayers 

which apply from 50-100 gallons of diluted spray per acre. It reduced the 

cost of controlling insects and diseases to about half that of the high-volume, 

hand-gun spraying of earlier days, or a saving to growers of around $500,000 

per annum. In addition, a messy and irksome job was transformed into a 

relatively simple, routine operation. The prototype sprayers were designed 

by our Agricultural Engineering section. It started a new small industry of 

spiayer manufacture, some units being exported.

(Summerland Research Station)

Tree fruit virus diseases

Summerland has one of the three pioneer programs in North America on 

tree fruit virus diseases, demonstrating the presence and importance of viruses 

in apple and indexing techniques to detect them. The immediate significance of 

this work has been (a) a demonstration that viruses occur as latent infections 

in most trees of commercial apple orchards, reducing the vigor and cropping 

efficiency of the infected trees; and (b) proof that a number of tree, fruit, 

and foliage abnormalities occurring on commercial apple varieties are virus- 

induced, and thus not subject to correction by spraying or cultural practices.

(Summer1 ami Research Station)

Irrigation for fruit trees

Budget method of irrigation is resulting in marked savings in irrigation 

water requirements of tree fruits. By this method, irrigation is applied only 

when evaporimeter measurements show it is needed. Previously irrigation was
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carried out on a regular schedule which resulted in much over-irrigation during 

the spring and fall and in cooler summers. Savings of irrigation water arc in 

the 10-201 range and dam capacity requirements are reduced by this amount. In 

addition growers save the labour and electric power needed to irrigate. Both 

direct grower costs and capital dam costs are reduced about 10-20 per cent.

(Summerland Research Station)

Bloat in cattle

18-S protein has been identified as the cause of lethal pasture bloat 

and a tolerance of 1.8% has been established. This discovery can be passed 

on to industry and when applied will save losses of $11,000,000 annually in 

Canada and $110,000,000 annually in the United States. This is important 

research which has made a distinct contribution to basic scientific knowledge 

of value to Agriculture. It has sparked renewed interest and research among 

groups of scientists in several parts of the world.

(Summerland Research Station)

Mineral deficiencies in cattle

Severe copper and moderate zinc deficiencies related to the level of these 

elements in the forage have been identified in wide areas of the interior of 

British Columbia. This discovery is already saving the industry money as lead

ing producers are now supplementing the feed with zinc and copper. When this 

principle is fully applied it is estimated that there will be 10% or around 

$3,000,000 added income per annum to the cattle industry in the Interior of 

British Columbia.

(Summerland Research Station)

Continuous roll cooker-cooler for canned fruit

This is a low-priced continuous cooker-cooler specifically designed for 

small to medium sized canneries. By reducing the processing time for large 

100 f1. oz. cans of soft fruit or berries to 1/3 to 1/8 of that required in 

conventional non-agitating cookers, the Rolltherm unit cuts flavor loss and 

gives better color and texture. Quality of fruit given a rapid process in 

large institutional size cans is as good as that of fruit processed in 14 f1. 

oz. cans normally used in the home.

Major design advantage of the equipment, apart from its low cost, simple 

construction, and ease of maintenance, is its adaptability to different can 

sizes and process specifications.

The Rolltherm cooker-cooler is in commercial use in Canada and several
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Canadian and U.S. companies have enquired about building the unit under licence. 

Of particular interest internationally is the units potential for processing a 

number of tropical fruits requiring rapid heating and cooling.

(Summerland Research Station)

Utilization of surplus dairy males for beef

Prior to 1960 surplus dairy males, excluding the small proportion used 

for veal, were considered a nuisance byproduct of negligible monetary value.

Agassiz was the first station in Canada to initiate detailed carcass 

evaluations of the dairy male. These studies have revealed that excellent 

meat can be produced by these animals provided an adequate finishing ration 

is fed. In consequence, dairy feeding stock are in strong demand. This has 

more than trebled the price of surplus calves from dairy herds. In* the Fraser 

Valley area this increase in value is worth $750,000 per year.

Recent studies with Holstein bull carcasses have shown that a potential 

exists for the production of meat from the intact dairy male. If slaughtered 

at about one year of age the meat can be produced more economically than for 

steers.

(Agassiz Research Station)

Insect and weed control by non-chemical means

By simulating and emitting the sound of a bat with a broadcast device, 

the infestation by the corn borer, Ostrinia nubilalis, can be reduced by more 

than half.

The European skipper, Thymelicus lineola, a pest of hay and pasture 

grasses, can be effectively controlled by spraying with the bacterial pathogen 

Bacillus thuringiensis in the form Thuricide 90T.

The pastureland weed, Senecio jacobaea, has been controlled in parts of 

British Columbia and Nova Scotia by introduction of the cinnabar moth, 

llypocrita jacobaeae.

The pastureland weed, Hypericum perforatum, has been controlled in parts 

of British Columbia by introduction of two beetles, Chrysolina spp.

UD-136, a nematode-bacterium suspension sprayed on to foliage to kill

29370—13

insect pests, can be rendered much more effective if combined with an evapora

tion retardant (Gelgard M) and two surfactants (Folicotc 351 and ArIntone T).

(Belleville Research Institute)
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Epidemiology of bacterial blight of field beans

Fuscous blight of field beans was first reported in Canada in 1961 and 

was subsequently shown to be the principal disease in beans. As a result of 

work on the epidemiology of the disease and on infected seed, new regulations 

for the handling of seed were put into operation in 1967 which were the direct 

result of laboratory studies. During 1968, 16 of the 20 areas so controlled in 

Ontario were blight free. Areas not subject to the new controls were heavily 

infected (75-100%).

Almost all the beans in Canada are grown in southwestern Ontario under 

a total acreage of 86,000 acres with a yield of 30 bushels per acre in un

infected fields while infected areas usually only yield 8-10 bushels per acre. 

Value of the total crop is estimated annually at $8,000,000.

(Cell Biology Research Institute)

Protective foams against frost damage

Research into methods to insulate crop plants against frost damage has 

led to the development and successful application of newly formulated, protein 

based, fire-fighting foams for the complete protection of a number of plants 

(e.g. tomatoes, strawberries) in the field overnight against frost damage. An 

inexpensive foam has been developed and a mechanical applicator engineered in 

conjunction with Laurentian Concentrates Limited. Widespread interest exists 

throughout Canada and the United States in this development. It is impossible 

to estimate what savings in dollars will be realized from this work as it will 

relate, each year, to the number of nights, during which the sudden drop in 

temperature to below the freezing point is significant to particular crops in 

particular areas. There is a great deal of excitement in the industry about 

this research and growers are hoping to augment their incomes by appreciable 

amounts.

(Cell Biology Research Institute)

Use of turkey manure in the management of soil-borne wheat mosaic virus

Practically all fields in which winter wheat is grown in southern 

Ontario are infected with soil-borne wheat mosaic virus. Yield losses have 

been variously reported between 7 and 41%. Pretreatment of the soil with 

turkey manure prior to sowing has totally eliminated this disease in areas 

where it was tried while neighbouring fields remained heavily infected. This 

work should be pursued with a view to identifying the causal agent for this 

protection. Economic control measures are almost at hand, but it is too early
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to be able to estimate probable savings.

(Cell Biology Research Institute)

Estimating wheat production

Prairie wheat production, which is worth about a billion dollars annually 

varies greatly from year to year mainly because of weather differences. A set 

of regression equations developed by Williams makes possible the estimation of 

wheat production from precipitation and potential évapotranspiration data. It 

appears that useful estimates of probable production could be made from weather 

data at least as early as the end of June. If such early estimates enable the 

saving of, say, 5% of the gross value of the crop when used in decision making 

by marketing and transportation authorities, the potential annual saving would 

be $50,000,000.

(Plant Research Institute)

Agricultural water needs

The future development and use of Canada's water resources are under 

study by many groups. Research into agricultural water requirements is most 

important to assure that Canada's future water requirements are protected 

before possible water surplus is made available for export.

Holmes, Robertson and Baier have developed a method for estimating on 

a probability basis, irrigation requirements for various stages of crop growth 

on soils of various water holding capacities from standard climatic data. This 

technique has been applied to analyse 30 years of climatic data for 42 CDA 

establishments. This information provides background data for sound planning 

in the use of water for agriculture in Canada.

(Plant Research Institute)

Biometcorological time scale

There are about 19,000,000 acres of potentially arable virgin land in 

the Peace River Block of Alberta and British Columbia and the Mackenzie River 

Plains. There arc virtually no weather observations and no cropping experience 

in much of this region. By using the biometcorological time scale concept 

developed by Robertson, it is possible to estimate how far towards maturity 

wheat can develop in this region. The technique also shows the risk of 

freezing temperatures at the time of maturity. This type of analysis has 

provided a basis for decisions which prospective farmers, economists, town 

planners and engineers must make regarding the opening of this virgin land 

which can be a multimillion dollar venture.

29370—131 (Plant Research Institute)
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Decontamination of milk.

Work was started at the Research Branch in 1959 on methods of removing 

strontium-90 and caesium-137 from milk. A novel technique was discovered which 

successfully removed the undesirable isotopes of strontium and caesium without 

altering the composition or flavor. The method was patented to protect the 

public. Scientists at the U.S.D.A. and U.S. P.H.S. modified the technique to 

render it more effective and proceeded to develop a commercial plant using as 

a basis the technique discovered in Canada. Their efforts culminated in the 

successful design and operation of a full scale commercial system for the 

processing of 100,000 lb. of fluid milk per 8-hr. day. The design of this 

plant is presehtly in the hands of the Emergency Measures Organization of 

Canada and if circumstances require its use, we have the information necessary 

to enable us to operate the system.

(Animal Research Institute)

Hay fever pollens

Studies on air-borne pollen were completed for southern Saskatchewan, 

Manitoba and British Columbia. The hay fever pollens for these provinces are 

seen in better perspective when they are compared with those of Ontario and 

Quebec. These studies have extremely valuable application by the Canadian 

Government Travel Bureau. Our publication "Canadian Havens from Hay Fever" 

is one of the most widely distributed Canadian publications. The genus, 

Plantago, containing a large number of important hay fever plants and weeds, 

has been studied cytotaxonomically. Another aspect of our pollen research 

which deserves mention is the permanent pollen slide collection. This 

reference collection is becoming more valuable eacli year.

(Plant Research Institute)

Control of animal diseases

The Animal Pathology Division research contributes directly to the 

disease control programs of the Health of Animals Branch. Based on a recog

nized method of estimation which takes into account the rate of disease 

infection, it has been determined that the control of three animal diseases 

alone has saved $27 million in Canada. The three diseases arc:

Tuberculosis $10 million
Brucellosis $10 million
Hog cholera $ 7 million.

(Animal Pathology Division)
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Agricultural economics

Since projects and programs completed during 1962-67 have scarcely had 

time to make an impact on Canadian economic development, the time period for 

the following examples goes back to the end of the last World War.

(a) The land classification program in Western Canada provided a basis 

for taking submarginal land olit of crop production and putting it 

into community pastures and for other land use adjustments.

(b) In 1950 the Branch undertook a comprehensive study of crop insurance 

and the Prairie Farm Assistance Act. The work and experience enabled 

the Branch to develop the Crop Insurance Act which has now been im

plemented in most of the provinces and will be adopted even more 

widely.

(c) The continuing studies of the Branch in farm credit enabled the 

Branch to make a substantial input into the development of the Farm 

Credit Act in 1959 and to advise on revisions since then.

(d) A study by the Branch on co-operative use of farm machinery enabled 

the Branch to make a substantial contribution to the development of 

the Farm Machinery Syndicates Credit Act.

(e) A number of studies on small farms enabled the Branch to make a 

substantial contribution to the development of the Agricultural 

Rehabilitation and Development Act.

(f) A study of price support activities enabled the Branch to make a 

substantial contribution to the development of the Agricultural 

Stabilization Act.

(g) Research in the demand supply and price situatio-n of various 

agricultural commodities enables the Branch to do the major part 

of the work for a Federal-Provincial outlook conference each year 

on which plans of farmers and of agri-business generally are to 

some extent based.

(economics Branch)

Characterization of viruses

Research into the physical and chemical characterization of plant viruses, 

have opened up the field of the correlation of physiological and biochemical 

effects of plant virus infections with their cytological and fine structural 

effects. The work on characterization of viruses began with the purification 

of non-aggregated potato virus X and the subsequent analysis of the amino acid



1238 Special Committee

composition ur two strains ot this virus. This was followed by the analysis 

of amino acid and nuclcctide composition of southern bean mosaic, cowpea 

mosaic, carnation ring spot, cucumber necrosis, and rhubarb viruses. This 

systematic purification and analysis of viruses is in itself a very important 

contribution to the building up of a comprehensive background of basic informa

tion that is constantly needed and referred to by everyone in the field of 

plant viruses, so that research in other areas can be interpreted correctly, 

so that those viruses can be selected that are optimally suitable for a partic

ular line of enquiry, and so that an understanding of the relationships among 

the viruses -- of which we are still woefully ignorant — can eventually be 

attained. In addition to this aspect, however, these systematic studies have 

been applied to the first attempts made to construct a mathematical-chemical 

model of the structure of viruses. Thus, the information obtained from the 

amino acid analyses has been utilized to calculate the surface areas of virus 

protein exposed to its nucleic acid and to an aqueous medium. This area, 

coupled with the protein subunit volume, has now been incorporated into an 

overall mathematical scheme that can predict the final structure of icosahedral 

viruses from their amino acid composition. Although this is a pioneer attempt 

still in its initial stages, it has already attracted considerable attention.

(Vancouver Research Station)

Mode of action of insecticides and anti-fungal substances

The results from biochemical studies of the mechanism of oxidative 

phosphorylation are now being used elsewhere to study the mechanism of action 

of a new class of insecticide. Similarly the research on mode of action of 

organophosphorus insecticides and the detailed studies of differences in the 

inhibited acetylcholinesterase have been used to explain many instances of 

potentiation in toxicity of mixed chemicals. Recommendations can now be made 

that avoid this serious loss of selective toxicity in field use.

The detailed study of the mode of action of the dithiocarbamate fungicides 

lias been used to produce more active material commercially and also resulted in 

more efficient use in the field.

The isolation, chemical characterization and now biochemical studies of 

fungal toxins associated with specific diseases of cereals are now giving a 

better insight into the action of the fungus and thus produce a better oppor

tunity for control. Similar studies on naturally-occurring antifungal materials 

are helping in the ultimate control of specific parasites.

(London Research Institute)
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Physiology of the barley loose smut fungus

Physiologic studies on barley loose smut shows that haploids can be 

isolated by microsurgery on germ tubes growing on a medium containing benzoic 

acid, and that the haploids of plus mating type require proline for subsequent 

growth. This has enabled geneticists to study the inheritance of pathogenicity 

and other characteristics of this species and enables a planned program for 

the development of smut-resistant varieties.

(Winnipeg Research Station)

Biochemical studies on wheat

The primary objective of our work in physiology of host-parasite relations 

is to clarify the biochemical action of the genes for rust resistance in wheat. 

Knowledge of this type would permit a more rational approach in efforts of 

plant breeding for rust resistance.

Since most "defense" products of other hosts are known to be aromatic, 

we initiated a study on the biosynthesis of aromatic compounds in rust-infected 

wheat leaves. This study has shown that the resistant reaction differs from 

the susceptible reaction in - (1) increased synthesis of bound hydroxycinnamic 

acid enters (lignin precursors), (2) accumulation of insoluble, non-hydrolyzable 

material ("melanin"-fraction), and (3) in the occurrence of soluble hydroxycin

namic acid conjugates. These conjugates contain one or more moieties of a 

polymethylenediamine and possibly a peptide moiety. It is not yet known whether 

they have any biological activity. The origin of the hydroxycinnamic acid 

moieties in these conjugates is highly unusual, because phenylalanine and 

tyrosine do not serve as precursors in their synthesis. Other results of 

general plant biochemical interest include evidence for a new biosynthetic 

pathway from quinic acid to phenylalanine, not leading via shikimic acid, and 

evidence indicating that wheat leaves, unlike microorganisms, do not synthesize 

tryptophan from quinic acid or shikimic acid.

(Winnipeg Research Station)

Microbial association and competition in soil

Microbiological studies have established that there is a strong selective 

action of plant roots on specific types of bacteria. Species of microorganisms 

have been identified as being beneficial (i.e. stimulatory) to the growth of 

plants (e.g. by producing large amounts of gibberellins) while others have been 

shown to produce substances which are toxic to plant growth. Foliar sprays
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containing a variety of chemicals can be used to alter the balance of organisms 

normally found in the rhizosphcrc. With proper selection of the chemical agent 

it is conceivable that specific crop development could be directly aided by 

specific agents. This approach to crop management may not have reached the 

stage of being immediately applicable to industry, but should, in our opinion 

be considered along with other approaches.

(Cell Biology Research Institute) 

Discovery of the broad spectrum antibiotic "mvxin"

The antibiotic "myxin" was discovered in the culture fluid of a soil- 

bornc Sprangiurn spp. and found to have an extremely wide spectrum of activity 

in laboratory experiments being highly effective against bacteria, fungi, 

yeasts and actinomycètes. The antibiotic was isolated and crystallized, its 

physical structure was determined and a variety of chemical properties were 

studied.

Hopes were high initially, for use of myxin as a universal agent against 

plant and animal diseases, but its low solubility and some degree of toxicity 

in animal experiments have caused a temporary setback in the wide use which 

was anticipated at first. This is nothing unusual to those who recall the 

early history of penicillin. Proper evaluation must await the availability 

of more soluble, chemical derivatives with the aid of which new impetus will 

be given to this work. While systemic effects are difficult to demonstrate 

in plants with the parent compound, it is equally true that myxin crystallizes 

out at the site of injection or application - this again argues in favor of 

more soluble derivatives being prepared. We have synthesized 3 such compounds, 

1 of which had the same biological activity as the parent compound but was 

15 times more soluble.

(Cell Biology Research Institute)

Enzyme-based approach to possible treatment of fungal wilt disease

Fructose-1, 6-diphosphate aldolase purified from Fusarium oxysporum f. 

lycopersici was found to be a class II (metal ions required) enzyme in contra

distinction to the plant host which was established as a class I enzyme 

(requiring no metal). It should, thus, become possible now to discover agents 

which will inhibit the enzyme of the fungus while leaving the plant enzyme 

intact. An enzyme-based approach to the treatment of wilt disease has now 

become feasible.

(Cell Biology Research Institute)



Science Policy

Biochemical basis for susceptibility to tobacco weather fleck

In the study of the basic aspects of tobacco weather fleck, it was found 

that the susceptibility of tobacco leaves to ozone is of a biochemical nature 

and related to the level of soluble sugars and nitrogenous constituents. The 

susceptibility can be reversibly changed by chemical treatment regardless of 

varietal difference and maturity. Investigations also showed that the phos- 

phorylative system in tobacco leaf mitochondria is very sensitive to ozone. 

Ozone at low concentrations severely inhibits oxidative phosphorylation and, 

with increasing concentration, enhances swelling and permeability of the 

mitochondrial membrane. Damage by ozone to the vital biochemical functions 

and the structural integrity of cellular membranes is of particular signif

icance to the subsequent development of injury in tobacco leaf tissues. 

Therefore, preservation of cellular membrane is considered a key in the 

prevention of ozone injury in tobacco. The knowledge on the reversibility 

of ozone susceptibility in tobacco leaves and on the sensitivity of cellular 

membrane to ozone would provide basis for the search of chemical control of 

weather fleck in tobacco.

(Delhi Research Station)

Population dynamics of apple and corn insect pests

The first application of the life-table approach to the population 

dynamics of apple and corn pests was initiated and successfully carried out 

at St-Jean. These studies measure seasonal fluctuations in abundance of the 

insects. They also determine, through analysis of the mortality factors and 

biotic potential, the regulating mechanisms of these fluctuations. Such 

studies contribute to the preventive aspects of pest control and open new 

avenues in assessing insect epidemiology.

(St. Jean Research Station)

Research on fungi

Research emphasis in mycology is placed on taxonomy, life histories, 

distribution, host ranges and species interrelationships in order to discharge 

our primary responsibilities. The main service provided is that of identifica

tion; we are responsible for giving expert advice to Agriculture, Forestry and 

other government departments, as well as the general public, on problems of a 

mycological nature. Our other main responsibility is the development and 

maintenance of the National Mycological Herbarium. The herbarium provides a 

central mycological reference collection for all Canadian mycologists and
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visiting research scientists.

The research accomplishment of this group is one of the highest in the 

Institute yet it is difficult to measure the value of their contributions in 

terms of dollars. The contributions are certainly the basis for disease diag

nosis in the applied fields of pathology in both agriculture and forestry.

They also serve the Plant Protection Division in the recognition of new 

diseases.

(Plant Research Institute)

Plant taxonomy

Projects in this section have been guided by the need to develop and 

retain scientific competence in all the major groups of flowering plants; by 

the needs of agriculture and other applied fields; and by their contribution 

to botanical knowledge. As a result, the main accomplishments are definitive 

monographic treatments of specific groups based on cytogenetic principles; 

resolution of species interrelationships especially as they relate to plant 

evolution and the development of new forms; and geographic surveys. These 

researches have resulted in the development of a basic research data bank of 

botanical information in the form of a herbarium. Our herbarium is the most 

important repository of botanical material in Canada and ranks in the top 

twelve of North America.

(Plant Research Institute)

Taxonomy of agricultural plants

Much research has been devoted to the taxonomy, cytology and evolution 

of specific genera having direct or indirect relationships to agriculture and 

include: Gramineae, Avena, Hordeum, Agropyron, Conciferae, Compositae, 

Chenopodiaceae, Rosaceae, and Linaceae.

Some of the more significant contributions include the clarification of 

the relationships of the wheats, ryes and barleys and their wild relatives ; 

the degree of intraspccific and interspecific zonations and the mechanisms of 

evolution in the Cruciferae; taxonomy and cytology of legumes (Trifolium was 

selected as the first genus to be studied because of its horticultural and 

forage potentials); and the mechanics of race and species formation in the 

flax genus, Linum.

(Plant Research Institute)



Science Policy

biology oI wood spec ios «

Weeds arc very important in all agricultural operations; railways, 

highways, utility lines also suffer losses through fire hazards ; and a large 

number are health hazards because they cause hay fever. A conservative 

estimate places the annual weed cost to Canada at $200 million and it would 

be quite easy to defend a much higher figure. A great deal of research is 

devoted to the control of weeds but we need to know much more about their 

relationships, taxonomy, breeding behaviour, source of introduction, habitat 

preference and their distribution and spread. The taxonomy of a number of 

important weedy groups in the genera Lepidium, Cardaria, Linaria was clarified 

Maps of distribution of three species of Cardaria were prepared. The thistles 

of Canada, the bulrushes and some of the large weedy families such as Cruci- 

ferae, Plantaginaceae, Polygonaceae, Amaranthaceae, and Chenopodiaceae have 

received special attention because of their economic importance as weed plants

(Plant Research Institute)

Selenium deficiency in animals

The seleno compounds in pasture grasses were isolated and characterized. 

The bulk of selenium was found to exist as protein-bound selenocystine and 

selenocysteic acid, selenite, and bound to leaf proteolipids and phospholipids 

All the forms of selenium, except that lipid bound, were well absorbed and 

retained by young ovine indicating that in selenium deficient areas the low 

selenium content of pasture causes myopathy rather than a deficiency of a 

particular plant form of the element.

The injection of selenite into calves and lambs is an effective means 

of preventing NMD. Recent biochemical studies with laboratory animals have 

shown that when selenium is administered in this manner, the element is not 

incorporated into the serum proteins as selenocystine or selenomethionine.

It has been demonstrated for the first time that the bulk of selenium is 

transported in the serum proteins covalently bound between the sulfurs of 

inter or intra S-S peptide linkages.

Rumen bacteria are capable of metabolizing inorganic selenium and 

incorporating the element into the microbial protein.

(Animal Research Institute)

Animal genetics

In the area of quantitative genetics and selection theory, world 

recognition has been given to the theory underlying the development and
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maintenance of control populations as developed by scientists of A.R.T. for 

populations of poultry and dairy cattle. These methods arc being widely used 

at research centers in North America and Europe. Some industrial breeding 

organizations arc also using the techniques.

A classic long-term study on selection for increased egg production in 

poultry has been under way for 19 years. Great interest has been expressed in 

this study by quantitative geneticists interested in selection plateaus and 

inbreeding depression.

Extensive studies on the importance of genotype-environment interactions 

on poultry improvement have been reported in the literature. Some of these 

studies have resulted from collaboration with several Branch Stations. Our 

reputation here is international and recognized widely.

(Animal Research Institute)

Animal nutrition

Fundamental studies have revealed that various physical and chemical 

treatments (e.g. with alkali or irradiation) can 'unlock' much of the poten

tial energy of low quality roughages and even wood, which is not normally 

available to rumen micro-organisms. In some instances the feed value of 

straws and wood has been elevated to that of medium quality hay. While tech

nology and equipment is not yet available to make such processes a commercial 

proposition, work is continuing with the object of developing methods for 

industrial application.

(Animal Research Institute)

Cold hardiness in plants

First details on the chemical mechanisms underlying frost hardiness were 

obtained. Not only is replication of total protoplasmic substances (including 

organelles such as mitochondria and microsomes) involved, but also biosynthesis 

of phospholipids and lipoprotein play a major role. The latest work on phos

pholipids has just received international acclaim (living bark of the black 

locust tree).

(Cell Biology Research Institute)
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Bluetongue disease of li'/estock

Several years ago a disease known as bluetongue in sheep occurred in 

southwestern United States. After a period of time it spread to some of the 

more northern states and caused some concern lest it might spread to Canada. 

Additional concern developed when it was learned that cattle could become 

carriers of the disease and yet show no symptoms.

Workers in the Animal Pathology Division undertook to study this disease 

with a view to learning something about its transmission and to develop methods 

to identify carriers of the infection. As a result of this work, a modified 

complement fixation test was developed. This test identifies animals which 

had been exposed to the disease and might be carriers.

This test has already proven to be of value on several occasions when it 

was suspected that outbreaks of this condition had occurred in Canada. In 

addition, it has permitted the Branch to certify cattle for export to certain 

countries that would not accept the cattle without certification that they 

were free of bluetongue. For example, the latest shipment of cattle exported 

to Great Britain was valued at about a million dollars.

The development of the test has also aided other countries. The United 

States has sent a team of scientists to our laboratory to become acquainted 

with this testing procedure.

(Animal Diseases Research Institute)

Diagnosis of hog cholera

It was found during outbreaks of hog cholera that the period of six or 

more days required to establish a definite diagnosis of this disease, was too 

long to enable field workers to control the spread of infection. A program of 

research to develop more rapid and more precise methods of identifying this 

disease was initiated, and a team of scientists at the Animal Diseases Research 

Institute approached the problem in different ways. livcntual ly several tests 

were developed providing much more rapid diagnosis of the disease. Two of 

these tests in particular, the fluorescent antibody test of tissues and the 

fluorescent antibody test on tissue culture isolations of the virus, are of 

particular value, the former enabling the diagnosis to be performed as early 

as four hours after suitable specimens are received at the laboratory.

With the development of these tests the Department is now in a much 

better position to deal with outbreaks of hog cholera, if and when they again 

occur in Canada. The disease can be identified quickly and the infected
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animals destroyed before tile infection has a chance to spread to a large 

number of farms.

This work was carried out over a period of several years and is esti

mated to have cost approximately $125,000. It is estimated that this will be 

saved in the next outbreak alone because of the speed with which the disease 

will be dealt with.

(Animal Diseases Research Institute)
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2.9. Projects

2.9.1. List of Project Titles

Although it has been specifically requested that a list of project titles 

for each unit for each of the years 1962 to 1967 be provided, it will be readily 

apparent that the sheer bulk of such lists would create a logistic crisis. 

Furthermore, since research projects do not change rapidly from year to year, a 

complete listing for each year would be unnecessarily redundant.

Instead, two years were selected as indicative of the scope of the research 

programs and the changes which took place over a five-year span. The years 

selected were 1964 and 1968. The lists of projects are attached as Appendices 

11 to 18.

Extramural research project lists for 1968-69 are also attached as 

Appendices 7 and 8. (See also Section 2.7.a.4. and 2.7.a.5).

The grouping of projects that are part of specific programs is shown in 

the CASCC 1966 Inventory of Agricultural Projects (Appendix 2) which includes 

projects conducted by all agricultural agencies in Canada, exclusive of industry. 

The inventory is arranged to bring related projects together by discipline and 

field of application.

The lists of projects for CDA Research Branch are coded for regional 

establishment location as shown in Table 2.9.1. It will be noted that there 

has been a reduction in the number of projects from 1964 to 1968. Most of the 

testing and adaptation trials, formerly listed as projects in 1964, and which 

are still active, have been removed from the 1968 research project list.

Table 2.9.1. CDA Research Branch Project Summary by Establishment Location,
1964 and 1968.

Location
No.

Location No. of Projects
1964 1968

300 St. John's W. NfId. 33 24
303 Charlottetown, P.E.I. SO 38
304 Summerside, P.E.I. 5 2
306 Kentville, N.S. 66 55
307 Nappan, N.S. 40 21
309 Fredericton, N.B. 75 46

320 Caplan, Que 7 2
322 Fort Chimo, Que. 1 -

324 L'Assomption, Que. 34 17
326 Lennoxville, Que. 29 26
328 Normandin, Que. 15 7
331 La Pocatiere, Que. 45 24
335 St. Jean, Que. 13 23
336 Quebec, Que. - 2
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2.9.1.

Location
No.

Location No. of
1964

Projects
1968

141 Analytical Chem. 1 1
150 Animal R.I. 50 62
190 Entomology R.I. 76 77
195 Food R.I. 21 27
210 Cell Biology R.I. 13 27
220 Plant Research Inst. 39 30
230 Soil R.I. 65 53
250 Belleville R.I. 25 20
280
200

London R.I. 39 34

338 Ottawa, Ont. S3 39
340 Chatham, Ont. 16 4
341 Fort William, Ont. 3 3
343 Delhi, Ont. 13 14
344 Harrow, Ont. 49 39
345 Woodslee, Ont. 6 6
346 Kapuskasing, Ont. 27 10
348 Smithfield, Ont. 23 19
352 Vineland, Ont. 16 18

360 Brandon, Man. 55 28
362 Morden, Man. 58 25
364 Winnipeg, Man. 44 43

370 Indian Head, Sask. 41 19
372 Melfort, Sask. 46 33
374 Regina, Sask. 16 16
375 Saskatoon, Sask. 63 54
377 Scott, Sask. 30 54
379 Swift Current, Sask. 84 62

380 Beaverlodge, Alta. 45 29
381 Edmonton, Alta. 2 ~
383 Fort Vermillion, Alta. 15 2
385 Lacombe, Alta. 65 44
386 Manyberries, Alta. 9 4
387, 389 Lethbridge, Alta. 171 122

390 Agassiz, B.C. 29 27
393 Kamloops, B.C. 32 23
395 Prince George, B.C. 28 7
398 Saanichton, B.C. 33 21
402 Summerland, B.C. 67 52
404 Vancouver, B.C. 28 24
410 Mile 1019, Yukon 7 i
420 Fort Simpson, N.W.T. 7 1

Location
No.

Location No. of Proj
1964

ects
1968

Atlantic Provinces 269 186
Quebec 144 101
Institutes 329 331
Ontario 206 152
Manitoba 157 96
Saskatchewan 280 195
Alberta 307 202
British Columbia 217 154
Yukon and NWT 16 *

Total 1925 1417
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2.9.1.

A summary of the number of research projects for other units of the 

Department for the two selected years is as follows:

Unit No. of Projects
1964 1968

Animal Pathology Div.

3820 Sackville, N.B.
4334 Hull. Que.
4714 Macdonald College, Que.
5360 Guelph, Ont.
6955 Winnipeg, Man.
7722 Regina, Sask.
8570 Lethbridge, Alta.
9950 Vancouver, B.C.

11
66
6
1
1

10
9

12
70
9
2
1

17
8

104 119

Grain Research Laboratory, Winnipeg, Man. 17 34

Economics Branch 113 71

The Research Branch Project List is also coded by project numbers which 

indicate the broad classification of projects. (See Appendix 19 - "Code Book 

for Project Classification"). As explained in the Code Book, each project 

number consists of three groups of digits (e.g. 31.104.009). The first pair 

of digits refers to the broad "subject" area; the second group of digits, the 

specific subject subdivision; the third group of digits is the serial or 

accession number to distinguish between similar projects.

Referring to the Code Book - Project 31.104.009 indicates:

Plant Pathology (31)
Potato (104)
Project (009)

31.104.009 "Potato leafroll virus. Transmission and varietal testing". 

Thus, by selecting similar project numbers, one is able to group all projects 

related to a given program.

2.9.2 Examples of research programs representing successful coordinated

approaches

In the solution of an agricultural problem it is frequently necessary to

involve several agencies or disciplines, or to proceed from the basic to the 

applied to the developmental stages. Not only is it necessary but most often

desirable to have a coordinated or progressive approach. Some of our most 

successful programs have been planned or have developed in this way. A few

examples are presented below.

29370—14



1250 Special Committee

Rapeseed Research

Rapeseed is unique among the oilseed crops grown in Canada. About 25 - 45% 

of the seed oil consists of erucic acid. This fatty acid was throught, at one 

time, to be detrimental to human nutrition and the use of rapeseed oil for edible 

purposes in Canada was prohibited. Subsequent research proved the oil completely 

safe and it was cleared for use in edible products. Unfortunately, the stigma 

remained so that it became desirable to find a rapeseed oil which contained 

little or no erucic acid.

A few years ago seed of a late-maturing variety of forage rape was obtained 

from Germany. Some plants of this variety contained seed oil with the erucic 

acid replaced by oleic acid. It was now possible, through genetic analysis, to 

determine the inheritance of erucic acid content. This was a prerequisite to a 

breeding program based on hybridization of the new type with standard varieties, 

followed by selection for early maturity, erucic acid content, total oil content, 

and other agronomic characters.

Two obstacles to a rapid and effective plant breeding program remained. 

First, the embryo of the rape plant occupies most of the seed and contains the 

oil. This makes it necessary to analyze single seeds of hybrids rather than a 

multiple-seed sample from an individual plant. Secondly, the analytical method 

in use called for a relatively large sample and required a long time for each 

analysis. By chemical research it was possible to modify the liquid gas 

chromotography technique so that a single rapeseed could be analyzed in about 

20 minutes to give a complete record of fatty acid content. Research into 

sampling and propagation methods showed how the remainder of the seed not used 

in the analysis could be grown into a mature plant.

The result of the total research program was the release in 1968 of a new 

variety, Oro. The seed of Oro rape is free of erucic acid, is similar to olive 

oil in fatty acid composition, and possesses properties highly desirable in a 

salad oil.

The Food Research Institute, CDA, Ottawa, is investigating processes 

whereby undesirable fractions can be removed from the oil and the development 

of other human food products from the meal. The University of Saskatchewan 

Engineering Department is attempting to develop an industrial oil and the 

Saskatchewan Research Council to produce the soap fraction for industrial grease. 

Rapeseed meal is used as a livestock feed and with reduction of toxic com

ponents its use can be extended to unrestricted feeding of young animals, 

including poultry and hogs as well as ruminants.
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The seed produces about 40% oil and 60% meal. The rapeseed crop is grown 

on about 1.5 million acres and has a value of about $54 million annually.

Canada is the largest exporter of seed, most of it exported to Japan but some 

also to France and Italy.

Here is a research program involving genetics and plant breeding, chemistry 

and engineering, a program of cooperative research that involved federal, pro

vincial and university research teams, and in which industry contributed in no 

small measure. Through the Saskatchewan Wheat Pool cooperation, it was possible 

to obtain increase of the variety Oro for large scale processing tests. Canada 

Packers and other industrial firms also cooperated.

Virus-free Varieties of Potatoes and Fruits

There are many virus diseases of crop plants which seriously affect both 

yield and quality. In vegetatively propagated crops such as small fruits, 

tree fruits and potatoes, virus diseases are of special concern since trans

mission of the virus is assured through cuttings, rootstocks, scions, budwood, 

runner plants or tubers. Transmission is far less common where propagation is 

by true seed.

It was early recognized in Canada that unless virus diseases were 

controlled, there would be a progressive accumulation of viruses in potato 

stocks and correspondingly decreasing yields would result. By instituting a 

potato seed certification plan whereby based upon field inspection and roguing 

of infected plants, relatively virus-free seed crops could be produced. CDA 

has been successful in gaining for Canadian growers, and particularly growers 

in the Maritime provinces, a preferred position in world seed potato export 

markets.

Unfortunately, some virus diseases remain symptomless and cannot be 

detected by field inspection. While some of these symptotnless viruses may in 

themselves remain relatively innocuous, the introduction of other mild viruses 

may produce very drastic disease symptoms and effects. Unfortunately also, 

many of our most important commercial potato varieties are universally infected 

by symptomless viruses. The obvious answer is to produce virus-free nuclear 

stocks and attempt to maintain them free. How this objective is being realized 

is the intriguing story of the Vancouver Research Station research program.

Here basic research leading to a clearer understanding of the nature of plant 

viruses, their isolation, purification, characterization and identification 

provides the background information upon which an applied study can progress.
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By adapting known techniques of thermotherapy, by which infected plants are 

exposed to high temperatures sufficient to reduce the virus content without 

killing the plant host tissue, and by careful excision of axillary bud tissue 

which is then grown under aseptic conditions until a young plant free of any 

virus particles is obtained, it has been possible to produce virus-free nuclear 

stocks of many commercial potato varieties. Virus-free plants are multiplied 

by greenhouse grown cuttings and during the past summer extensive field multi

plication has been carried out. It should be possible within the next few years 

to provide Canadian growers with virus-free seed potatoes from certified stocks 

maintained and renewed under provincial jurisdiction.

Here is an example of how the normal extension of basic research to the 

applied and developmental stages has been attained through federal-provincial 

cooperation.

Such a plan has been in effect for raspberry and strawberry propagative 

stock in British Columbia for several years.

Here, also, cooperative research by the Vancouver and Agassiz Research 

Stations laid the groundwork for development of a certification plan that is 

carried out under provincial authority.

Breeding for Egg Production

A long term selection study undertaken at the Animal Research Institute 

with egg production chickens and conducted over the last 17 years, has con

tributed significantly to the very substantial improvement in performance - 

from about 146 eggs per bird to 200 eggs for the commercial chicken in the last 

two decades. This study was conducted in cooperation with several Branch 

stations of the Research Branch. Because of the scale of the study and its 

design, it has been possible to demonstrate the effectiveness of selection for 

egg production within closed populations while maintaining or improving other 

essential traits such as livability, fertility, and egg size. The breeding 

principles revealed by this study have been used by successful poultry breeding 

concerns in Canada and elsewhere in the world.

The theory of control strains, and their utility in separating genetic 

and environmental effects, so that selection progress can be measured, has been 

widely utilized by the industry and by geneticists working with other domestic 

species of economic importance. A recent (1968) review from Britain of poultry 

breeding research has this to say about the Animal Research Institute study:

"One of the most important experiments for animal breeding theory, and poultry
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improvement in particular, is that started in Canada in 1950, Gowe et al.

(1959). It is important because it is conducted on a large scale on several 

locations, hence minimizing random environmental effects, and because it is one 

of the few experiments on economic animals that has a proper control."

This study has also revealed to animal and poultry breeders that it may 

not be efficient in the long run to select breeders on the basis of part-year 

records, even when these have a reasonably high genetic correlation with records 

for the whole production year. These results may give a partial answer to the 

perplexing problem of plateaued populations - that is highly selected improved 

populations that apparently will not respond to further selection.

Because replicated test units were used in this series of studies at 

Branch Stations from British Columbia to Prince Edward Island, it was possible 

to obtain valuable information on the importance of strain-location interactions. 

These were shown to be of minimal significance, which means that national and 

even international distribution of genotypes (stocks.) tested to be superior at 

one location will have a very high probability of being superior in other en

vironments. This knowledge has been used in the breeding program of major 

Canadian poultry breeders.

Interspecific Oat Research at the Ottawa Research Station

The interspecific oat research began at the Ottawa Research Station in 

1952 when a plant breeder became interested in transferring rust reistance from 

the 14-chromosome oat species Avena strigosa to the common hexaploid Avena sativa. 

Ills success with the autotetraploid of A. strigosa encouraged cytologists into 

the program. They found fruitful ground in the study of genome relationships 

and chromosome morphology and reported their research in two important papers, 

by 1961. It became evident that important material for breeding and cytogenetic 

research was missing from the program and a collecting trip was organized for 

the Mediterranean region in 1964. This report chronicles the highlights of the 

program since that date. It will show how the O.R.S. ultimately became the 

leading centre for interspecific oat work in the world.

An outstanding aspect of the research program has been the genetic 

variability in the material. This has enabled the scientists to develop inter

esting projects in both applied and basic research.

The transference of rust resistance from related Avena species has con

tinued and several genes for crown rust resistance have been incorporated into 

standard oat varieties. Stem rust resistance including resistance to races 6A
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and 6F is now bein" used in a backcrossing program. A gene for daylight in

sensitivity has been discovered and is in use. Several oat strains are under 

evaluation as grain varieties and one strain has impressive production as a 

forage oat. Strength of straw is a feature of some hybrids selected from the 

interspecific crosses; yield and grain size are others. A physiologist seeking 

an alternate method for overwintering of grain has selected dormant lines from 

the cross of A. fatua by A. sativa which can be planted in the fall, overwinter 

as ungerminated seed, and produce a good crop next spring. A new phase of 

research which holds considerable promise is the selection of lines with as 

much as 28% protein. American scientists from U.S.D.A. are also using the high- 

protein oat lines in their crossing programs.

The Canadian collecting trip of 1964 provided species that hitherto were 

not available for cytogenetic studies: among the 559 wild oat specimens a new 

tetraploid species, A. magna was discovered. The team which searched the 

shores of the Mediterranean included a Welsh geneticist. Later the team turned 

over part of their seed stocks to American collaborators, who first reported on 

the new species and its high protein content. A diploid snecies from the 

collection A. ventricosa along with A. magna are considered to be the putative 

ancestors of the common hexaploid oats. Cytogenetic research on species 

phylogeny, chromosome affinities, and on specific genes is continuing. Trisomie 

lines have now been developed which makes possible the transference of crown 

rust resistance into common hexaploids. Oat cytogenetics at the O.R.S. now 

commands considerable respect from scientists around the world. Fifteen 

research papers have been published. Postdoctorate fellows come to Ottawa to 

work in the unit. Biochemists from two Canadian and three U.S. universities 

are active cooperators. There is as well, the friendly rivalry and association 

of scientists from the U.S.D.A. and the Welsh program at Aberystwyth.

Canadian soil resources

The Soil Research Institute and the Pedology Sections of a number of 

Research Stations have cooperated with universities and provincial departments 

in the study of Canadian soil resources. To date some 260,000,000 acres have 

been studied, classified and mapped and some 2,500 different soils have been 

characterized. The soils are assessed in terms of their suitability for 

various purposes and their capability to produce crops under the given climatic 

environment, taking into consideration the physical, chemical and biological 

properties of the soils, and the feasibility of the management practices that 

ought to be applied.
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These findings have already been widely applied by government agencies 

and by individual operators in numerous ways. One can mention only a few 

examples such as, the location and development of new land which is potentially 

suitable for agriculture, the location and development of suitable areas for 

irrigation; the development of community pasture on land unsuitable for arable 

agriculture; the development and concentration of special crops, such as, 

tobacco, orchards and market garden crops on soils particularly suited for such 

crops; the application of management and amelioration practices according to 

soil needs, such as, practices to control wind and water erosion on erosive 

soils, the management of solonetzic soils, the drainage of seasonally wet 

soils, the liming of acid soils, as well as the application of many management 

practices to meet the fertility requirements of individual soils and crops.

The findings of soil classification have also been applied in many engineering 

projects, such as, location and construction of highways, airports, pipelines, 

drainage ditches, canals and dugouts, the construction of sewage disposal 

systems and the location and construction of buildings. The findings of the 

survey have been used as the basis for an equitable land assessment by munici

pal and provincial governments for taxation purposes (e.g., Saskatchewan) and 

by financial institutions.

Although it is difficult to assess the actual value of the findings in 

dollar earned or saved, it is obvious that the overall amount is very sub

stantial. It is safe to say that the ultimate value of the findings could be 

unlimited if and when fully applied in the sound planning of our natural 

resources on a national, regional and individual farm level. The need for such 

planning is becoming more and more obvious for the economic and social well

being of this Country.

Most of the research in the Soil Research Institute is designed to obtain 

a better understanding of the properties of different soils which will lead to 

more accurate prediction of the response or lack of response of different soils 

to management.

Agricultural outlook

The annual ’Situation and Outlook' project, which culminates in the 

annual Federal-Provincial Agricultural Outlook Conference, is probably an 

example of the Economics Branch at its best. This annual project is a team 

effort involving specialists from the Departments of Finance, Forestry, Industry, 

Manpower and Immigration, Trade and Commerce, the Dominion Bureau of Statistics,
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the Bank of Canada, and several branches of the Department of Agriculture.

The Economics Branch does the research work behind most of the forecasts and 

also functions as the organizer.

The principal objective of the Outlook Conference has been to provide 

provincial delegates, which may include university as well as government 

officials, with aS much information as practical at as early a date in the year 

as possible on the national agricultural situation and outlook, so that this 

information may be adapted for use in their own provinces or regions and chan

neled through the provincial extension services to farmers and other users. A 

further objective has been to provide governments with forecasts of agricultural 

production, prices, and farm income as a basis for anticipating policy or pro

gram changes and the impact of changes in agriculture on the national economy.

The agribusiness community and the farmers' organizations have been beneficiaries, 
also, of the conference objectives.—^

Crop insurance

During the late 1930's and 1940's, the Branch assembled a great deal of 

empirical data to indicate fairly precisely the nature and extent of crop yield 

variability in the prairie provinces and in Saskatchewan in particular. The 

great variability of crop yields and the consequent variation in farm incomes 

was one of the most serious problems faced by farmers of this region.

About 1950, the Branch started a comprehensive research project on policies 

to lessen the impact of yield variability. The project concentrated on crop 

insurance and the Prairie Farm Assistance Act - a crop insurance type program. 

Empirical data analyzed included detailed information for about 5,000 townships 

for the period 1939-1949 and for about 5,500 farms in a sample of 59 townships.

The crop insurance experience of the U.S. was also studied.

The study analyzed the costs and benefits of P.F.A.A. in relation to soil 

productivity and incidence of benefits. It analyzed effects of the program on 

resource allocation differentiated by farm size, price levels, and yields.

Various operational aspects were studied. The degree to which it stabilized 

income was determined and alternative methods of stabilizing income were examined.

1/ Uses of Outlook in Canadian Agriculture, S. C. Hudson and I. F. Furniss, 
Journal of Farm Economics, Vol. 48, No. 5, December 1966.



Science Policy 1257

It was concluded that in a number of important ways the program did not 

meet minimum insurance requirements and a model insurance program was developed.

With the serious local, regional and national consequences of drastically 

fluctuating incomes as a result of yields, it could only have been a matter of 

time until it became government policy to implement crop insurance. This came 

about in 1957 or 1958. With the basic research completed, the Economics Branch 

was able to develop the policy and program quite quickly. By 1959 the Branch 

had developed the program, working out details with the Department of Finance, 

the Canadian Wheat Board, the Board of Grain Commissioners, working with the 

Department of Justice in the drafting of legislation, taking it to a Cabinet 

Committee and with the Minister to the House of Commons.

A difficult part of the process was in setting up a program which would 

require provincial government administration but for policy reasons could not 

be discussed with provinces in advance. The program had to be one which would 

be acceptable to provinces but one on which they could not be consulted.

Following passing of the legislation, the Branch assisted provinces in 

setting up their part of the program and negotiated on behalf of the Department 

agreements with provinces.

Subsequently, programs have been established in seven provinces. Another 

will likely start next year.

In 1968, 65,000 farmers bought crop insurance coverage amounting to some 

$183,000,000. As coverage increases, crop insurance will provide an even 

greater stabilizing influence in the agricultural economy.
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ORDERS OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday 
September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the 
light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the Fed
eral Government in the fields of physical, life and human sciences;

(c) federal assistance to research and development activities 
carried out by individuals, universities, industry and other groups 
in the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements 
and the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witneses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”

11—3
29372—li



Extract from the Minutes of the Proceedings of the Senate, Thursday, Sep
tember 19th, 1968:

“With leave of the Senate,
The Honourable Senator Lamontagne, P.C., moved, seconded by the 

Honourable Senator Benidickson, P.C.:

That the name of the Honourable Senator Robichaud be substituted 
for that of the Honourable Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER,
Clerk of the Senate.
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MINUTES OF PROCEEDINGS

Tuesday, November 26th, 1968.

Pursuant to adjournment and notice the Special Committee on Science 
Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Belisle, 
Grosart, Kinnear, Leonard, Robichaud, Thompson and Yuzyk. (8)

In attendance:
Philip Pocock, Director of Research (Physical Science).

The following witnesses were heard:
SCIENCE COUNCIL OF CANADA:

Dr. Omond M. Solandt, Chairman;
Dr. Patrick D. McTaggart-Cowan, Executive Director; and James Mullin, 
Secretary.

(A curriculum vitae of each witness follows these Minutes.)

At 12.50 p.m. the Committee adjourned to the call of the Chairman. 

ATTEST:
Patrick J. Savoie,

Clerk of the Committee.
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CURRICULUM VITAE

Solandt, Omond M.. (O.B.E., M.A., M.D., D.Sc.. LL.D.. F.R.C.P., F.R.S.C.). Born 
in Winnipeg, Manitoba. He obtained a B.A. in Biological and Medical Sciences 
at the University of Toronto in 1931. He spent the next two years in post
graduate research under Dr. C. H. Best in the Department of Physiology, 
Faculty of Medicine, University of Toronto, and obtained an M.A. He took 
his Doctorate from the Faculty of Medicine in 1936 and was awarded the 
Gold Medal. He also played on the senior intercollegiate football team. Fol
lowing graduation from the Faculty of Medicine, he spent a year in research 
at Cambridge and a year as an intern at the Toronto General Hospital. In 
1939, after post-graduate work at the London Hospital, he received the 
M.R.C.P. (London) and then returned to Cambridge as a lecturer in Physiology 
and a member of the teaching staff at Trinity Hall. Shortly after the outbreak 
of war, he was appointed Director of the Southwest London Blood Supply 
Depot and continued in that capacity until January 1941. He founded the 
Medical Research Council’s Physiological Laboratory at the Armoured Fight
ing Vehicle School at Lulworth, and became actively engaged in research 
concerned with tank design and the physiological problems peculiar to tank 
personnel. In 1942, he turned from medical research to the then new field of 
operational research and formed the Armoured Fighting Vehicle Section of 
the Army Operational Research Group. The following year, he was appointed 
Deputy Superintendent, Army Operational Research Group and in May 1944, 
Superintendent. He joined the Canadian Army in February 1944 and left the 
Army in 1946 as a Colonel. In September 1945 he was sent to Japan by the 
War Office as a member of a mission to evaluate the effects of the atomic 
bomb. Dr. Solandt returned to the Department of National Defence in Ottawa 
in 1946 to begin planning for a permanent defence research organization in 
Canada. This work resulted in the formation of the Defence Research Board 
in 1947. Dr. Solandt became the first Chairman of the Board and the scientific 
member of the Chiefs of Staff Committee and Defence Council. In 1956, he left 
the Defence Research Board to become Vice-President, Research and Develop
ment, of the Canadian National Railways. In 1963, he left the CN to become 
Vice-President, Research and Development, and a Director of The de Havilland 
Aircraft of Canada, Limited and Hawker Siddeley Canada Ltd., and Chairman 
of the Board of DCF Systems Limited. In 1966, he left these positions to 
become Chairman of the Science Council of Canada and Vice Chairman of the 
Board of the Electric Reduction Co. He was also a Director of the Huyck 
Corporation and of EXPO 67. Dr. Solandt was awarded the O.B.E. in 1946, 
and the U.S. Medal of Freedom with Bronze Palm in 1947. He received the 
honorary degree of D.Sc. from the University of British Columbia in 1947, from 
Laval University in 1948, from the University of Manitoba in 1950, from McGill 
University in 1951, from St. Francis Xavier University in 1956, from Royal 
Military College in 1966, and from the University of Montreal in 1967; and, 
an LL.D. from Dalhousie University in 1952, and from the University of 
Toronto in 1954. He was elected a Fellow of the Royal Society of Canada 
(Section II) in 1948, and an Honorary Member of the Engineering Institute 
of Canada. In 1956 he was awarded the Gold Medal of the Professional Institute 
of Canada and in 1961 he received the Civil Award of Merit from the City of
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Toronto. He was President of the Canadian Operational Research Society from 
1958-60 and a Governor of Sir George Williams University, Montreal, from 
1957-63. He was formerly a Governor of The University of Toronto and of 
the Arctic Institute of North America, and President of the Royal Canadian 
Geographical Society. He is at present a Trustee of the Mitre Corporation, 
Boston, a Director of the Canadian Corporation for the 1967 World Exhibition ; 
a Fellow of the Royal College of Physicians in London, and was elected 
Chancellor of the University of Toronto in 1965. Dr. Solandt was a member 
of the Western Team at the Conference of Experts to Study the Methods of 
Detecting Violations of a Possible Agreement on the Suspension of Nuclear 
Tests, held in Geneva in 1958. Dr. Solandt has a wide variety of interests, 
including flying and radio. He secured a commercial radio operator’s license 
before entering university and worked as an observer with the Ontario 
Provincial Air Service. He is married to the former Elizabeth McPhedran of 
Toronto and has three children; Sigrid, Andrew and Katherine. He is a member 
of the St. James Club, Montreal, the University Club, Montreal, the Rideau 
Club, Ottawa, the Athenaeum Club, London, England, the York Club, Toronto, 
and of Bloor Street United Church in Toronto.

McTaggart-Cowan. Patrick D.: Vital Statistics: 1912, Born in Edinburgh, 
Scotland. 1913, Emigrated to Vancouver, B.C. 1939, Married Margaret L. 
Palmer, daughter of J. T. E. Palmer of Vancouver, B.C. Daughter, Gillian Hope, 
born 1942; son, James Duncan, born 1944. Education: Queen Mary and Lonsdale 
Elementary Schools, Kingsley School, North Vancouver High School, matricu
lated 1929; U.B.C. first class honours B.A. in mathematics and physics, gradu
ated 1933, Oxford, B.C. Rhodes Scholar, 1934. Corpus Christi College, Honours 
B.A. degree in Natural Science 1936. Positions: 1934, Instructor in Physics, 
U.B.C.; 1936, British Meteorological Office, London Airport, Croydon; 1936-42, 
Officer in Charge, Meteorological Service in Newfoundland; 1942-45, Chief 
Meteorological Officer, R.A.F. Ferry Command; 1945, Secretary for Air Naviga
tion for the Provisional International Civil Aviation Organization; 1946-57, 
Assistant Director, and Chief, Forecast Division Meteorological Service of Can
ada; 1957-59, Associate Director, Meteorological Service of Canada; 1959-64, 
Director, Meteorological Service of Canada; 1963-68, President, Simon Fraser 
University; 15 Sept.-l Nov. 1968, Principal Scientific Adviser, Science Secre
tariat; 1 Nov. 1968, Executive Director, Science Council of Canada. Scientific 
and International Appointments: 1945-59, Member, International Commission 
for Synoptic Meteorology; 1945-59, Member, International Commission for Aero
nautical Meteorology; 1950-51, President, Canadian Branch, Royal Meteorologi
cal Society; 1954-56, Councillor, American Meteorological Society; 1960-62, 
Vice-President, American Meteorological Society; 1960-63, Member, Executive 
Committee, World Meteorological Organization; 1962-64, Councillor, American 
Meteorological Society ; 1963-64, President, Regional Association IV, World 
Meteorological Organization; 1963-65, Governor, Arctic Institute of North 
America; 1968, Governor, Arctic Institute of North America. Awards and Hon
ours: 1944, MBE for services with R.A.F. Ferry Command; 1953, Coronation 
Medal; 1959, Robert M. Losey Award, Institute of Aeronautical Sciences; 1961, 
Honorary D.Sc., U.B.C.; 1965, Charles Franklin Brooks Award, American Meteo
rological Society; 1965 Patterson Medal, Meteorological Service of Canada; 
1965, British Columbian of the Year (Newsmen’s Club of B.C.) ; 1967, American 
Meteorological Society (Fellow); 1967, American Geophysical Union (Fellow) ;

11—7



1967, Centennial Medal (Canada). Sports: Captain, U.B.C. Badminton Team; 
Captain, Oxford Badminton Team; Rowed for Corpus Christi College, Oxford 
in Eights, Fours and Pairs (Stroked eight and pairs), Also Tennis, Cricket, 
Skiing and Swimming. Clubs and Organizations: Honorary President, B.C. 
Pipers’ Association; Honorary Vice-President, Vancouver Art Gallery Associa
tion 1967; Vancouver Public Aquarium Association; University Club of Van
couver (Honorary President, 1967) ; Raleigh Club; Oxford Society; Lions Club 
(member at large) ; Men’s Canadian Club of Vancouver; Newsmen’s Club of 
B.C. (Honorary life member) ; Red Cross Society (Honorary Vice-President, 
B.C. Division for 1967); Big Brothers of B.C.; Honorary Membership, Health 
Science Historical Society; Member, Burnaby Y.M.C.A. Advisory Board; Van
couver Board of Trade; Alliance Française. Scientific Societies: American Meteo
rological Society (Prof, member and Fellow) ; Royal Meteorological Society 
(Fellow) ; Canadian Association of Physicists (Charter member) ; American 
Geophysical Union (Fellow 1967) ; Arctic Institute of North America (Fellow).

Mullin, James. Born Maybole, Ayrshire, Scotland, November 4th 1939, 
Education: Primary and Secondary Schooling in Maybole (1944-58) University 
of Glasgow, Glasgow, Scotland (1958-62). Degree: Honours B.Sc., in Mathe
matics and Natural Philosophy. Conferred July 1962. Experience: 1962-67, 
Atomic Energy of Canada Limited Chalk River Laboratories, Chalk River, Ont. 
Reactor Physicist (1962-1964), Scientific Administrative Officer, Physics Divi
sion (1964-1967), Administrative Assistant to Director, CRNL Research (1967) 
1967-present, Secretary, Science Council of Canada. Publications: AECL Reports 
and Translations, and contributions to AECL’s ING Proposal only.
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THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE

Ottawa, Tuesday, November 26, 1968.

The Special Committee on Science Policy 
met this day at 10 a.m.

Senator Maurice Lamontagne (Chairman) in 
the Chair.

The Chairman: Honourable senators, I am 
sure that we are all very grateful to Dr. 
Solandt for again making himself available to 
the committee, and I know that this meeting 
will also prove most useful to us.

If I remember rightly, at our last meeting 
we went through part of the policy report of 
the Science Council with Dr. Solandt and Dr. 
Gaudry, and I believe we had reached section 
5 in our detailed examination. Without fur
ther ado I think we should proceed from that 
point. Are there any questions?

Senator Grosarl: I have one on page 25, 
where they comment in the report:

Yet another problem in the develop
ment of science in Canada is the tenden
cy of organizations whose missions have 
been realized, or which have demonstra
bly failed to reach their objectives, to 
follow programs which are diffuse and 
self-perpetuating.

I notice that later on you suggest one of the 
answers is a more or less continuing technical 
audit of these programs. Do you see this 
setup as a comprehensive audit done, let us 
say, by a minister with some responsibility in 
this area, or are you speaking of audits 
department by department or project by pro
ject? Do you see this being an essential ele
ment in an overall science policy of the 
Government?

Dr. Omond Solandt, Chairman, Science 
Council of Canada: I see the practice of doing 
this as a very important element in science 
policy, but I vizualize it being done depart
ment by department or agency by agency by 
people who are knowledgeable in the field but 
who are not committed to that particular 
department or agency. For, say, the Division

of Applied Physics in the NRC I would see 
this as a small committee, which would 
include a couple of people interested in the 
application of physics in industry and maybe 
one or two from the universities, who would 
come in once a year, go over the program and 
question the relevance of each program.

Basically what you should do is say, “What 
will the result be if this program is success
ful?” That is the first question. The second 
question is, “How likely is it to be success
ful?” I am quite sure that if this is done 
systematically in all the applied research 
groups in the Government—it can be done in 
agriculture, fisheries, forestry, mining and all 
the others—it will lead to a continual stop
ping of programs. Every year there will be a 
few. It will be a small percentage but over 
the years it adds up to a great deal.

I think you keep an applied research organ
ization so much more alive and so much more 
interested and effective if you prune out 
projects which have obviously failed and are 
not going to achieve their objective, or whose 
objective has been bypassed by some other 
action that may have happened in some other 
part of the world where somebody else may 
have found a good answer to your problem. It 
is amazing how often these things are not 
stopped; they keep on drifting away from 
their original mission-orientation towards 
being more broadly-based research in the 
same field but not really properly planned.

The Chairman: You make that statement on 
page 25 but you do not mention any cases. Do 
you have any examples in mind within 
Canadian experience?

Dr. Solandt: It is a little difficult to mention 
for the record, because I do not know that I 
have any that are carefully documented. I am 
sure that you can find these in fields like 
agriculture and fisheries. One minor one 
which I heard of recently is that the National 
Research Council has been working on a 
counter-mortar radar since 1944 or 1945 and
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it was just cancelled. I think it was this year 
or last year. I was in touch with that program 
many years ago and I know that it would 
have been better to stop the whole thing many 
years ago, because first of all interest in the 
problem had grown less or almost disappeared 
and the reasons for solving it had changed so 
much that if you really wanted an anwer you 
should have started all over again. Nobody 
really wanted the answer, but they kept 
working at it on a small scale over the years 
and I am sure that had a bad effect on the 
morale of the whole group that were working 
there, quite apart from the expenditure.

The Chairman: You seem to attach a great 
importance to these committees. I was told 
some time ago, by a member of the National 
Research Council, that the work of the board 
would be reduced only by about 10 per cent 
if the Council had no labs. In other words, 
apparently most of the work of the board is 
devoted to external assistance. They have 
very little to say about the program within 
the Council itself. Did you not think that this 
might be the case also for these kind of audit 
committees or in different departments?

Dr. Solandt: As far as I know what you say 
is perfectly true, but this is just the policy of 
operation of the National Research Council. I 
have never been on the Council. I speak only 
from hearsay.

It has been the case that the Council itself 
has been concerned very largely with the 
problems of support of research in the uni
versities and the operation of the laborato
ries has been a very minor part of the activi
ty of the Council. This does not necessarily 
need to be so. There is no reason why the 
Council could not take a very active interest 
in the operation of the labs and I am pretty 
sure if you question Dr. Schneider about it 
you will find that his intention is that they 
should take a more active part and just for 
the kind of reason I am outlining. One of the 
functions of the Council proper, which is 
made up of non-government people, could be 
to supervise this technical audit that we are 
talking about.

Senator Grosart: You suggested these audi
tors might together form an advisory council 
to the ministry. How do you see this operat
ing? How big a council would this be? If you 
have auditors in all departments. . .

Dr. Solandt: Sorry, I would not like to see 
this too tightly organized as a continuing

operation. I think it is far better that you 
change your “auditors” quite regularly, 
because if you do not they soon become dedi
cated to the things they have approved in 
previous years and you get back into the 
same rut you were in before. Any advisor 
that advises that you follow any particular 
course of action then becomes committed to 
that and he is very keen to see that it suc
ceeds. He becomes blind to its defects. I think 
you want to change your advisors very fre
quently in order to keep getting an objective 
new look at the problems.

Senator Grosart: It seems to me that one of 
our real problems in drawing up our report 
will be to attempt to try to draw a picture of 
the kind of mechanism which will be 
required at the cabinet policy-making level 
for its science policy. Therefore, we are 
interested in getting a concept of this adviso
ry council. How big a council would it be?

Dr. Solandt: I am sorry—I have not 
suggested...

Senator Grosart: Perhaps I could read the 
paragraph to which I refer. It is in Report 
No. 4, page 26, paragraph (3) and it says:

... In dealing with departments of gov
ernment the “auditors” could form an 
Advisory Committee to the Minister, 
while for the non-departmental agency 
they could form either a board or 
Council...

Dr. Solandt: Yes. I would think that those 
committees—I think I misunderstood you—I 
had thought you misunderstood the form—that 
only one would deal with the whole Govern
ment structure.

Senator Grosart: This is the way I read it.

The Chairman: No.

Dr. Solandt: No, I think our idea was that 
that would be in dealing with a department 
of Government. You are quite right, the 
report is ambiguous here.

Senator Grosart: My confusion is in the use 
of the word “minister”. I take it now that you 
are referring to a departmental minister?

Dr. Solandt: That is right.

Senator Grosart: I was thinking in terms of 
the minister with responsibility for science 
policy.

Dr. Solandt: You are quite right, it could 
be read that way as well. In fact, I am not
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sure that is not what it says, but that was not 
the intention.

The intention was that each departmental 
minister who had responsibility for science 
would, in effect, form a small committee 
which would advise him as to whether the 
research that was going on in his department 
was relevant and competent and appropriate 
to the mission of his department.

Senator Grosart: Taking it in the other 
sense, do you see any value in this, in the 
minister, whoever it is, who is responsible for 
science, and whatever his title might be, hav
ing an advisory committee of overall auditors 
who would audit the decisions, if you like, of 
the departmental ministries in this area?

Dr. Solandt: I see no objection to it as long 
as it was advisory, as long as they had no 
authority. We come back to the point we 
were at before. I think the Science Council is 
quite clear that they feel that science in the 
mission-oriented ministries like Agriculture, 
Energy, Mines and Resources, Fisheries and 
Forestry, and so on—science should be an 
integral part of the program of the depart
ment and the decision as to how much science 
and how it should be applied should be made 
internally, but with good external advice and 
competent review—and this is what the 
auditing panel is suggested for.

I can see no objection to co-ordinating 
these reviews, either at the level of the 
minister for science or conceivably the 
Treasury Board. This would be another very 
important source of advice to the Treasury 
Board because if the Treasury Board had 
access to the reports of these technical 
auditors, it would give them very good feel 
for where they could sensibly make cuts or 
where they could give more money.

Senator Grosart: This is what I had in 
mind, that you would need something more 
than an audit within the department; you 
would need somebody to co-ordinate the 
results of these audits and then to advise 
somebody that action should or should not be 
taken. This system has not so far worked out 
too well. We are all aware of the problems of 
the Auditor General. The Public Accounts 
Committee in the Commons has not met for 
two years, until very recently. The Auditor 
General is obviously frustrated. Auditors in 
business sometimes get frustrated.

Dr. Solandt: This of course is a slightly 
different kind of audit but I agree with you 
that if the audit is to be effective somebody 
has to take action in response to its findings.

The Chairman: But if we rely too much on 
this technique, do you not think that we are 
again facing a kind of circle, in the sense that 
these so-called auditors will supervise the 
research activities of different departments. 
They will come of course from universities 
and industry and these departments will 
offer grants to industry and to universities. 
And since we do not have too many people 
apparently in the scientific community in the 
private sectors, we will again see the custom
ers supervising the benefactors.

Dr. Solandt: This is a very real problem, 
one that we have never faced squarely and I 
personally think it is a reason why the 
National Research Council as a council has 
not dealt effectively with the laboratories, 
because the members of the Council are 
drawn from among those who have been 
receiving grants from the NRC for support of 
their research and so they were not free to be 
critical of the Council’s work. As you say, the 
same thing could happen.

The Chairman: It is more likely to happen 
if we multiply these committees, because we 
will find our scientific community will not get 
larger and then we will have more commit
tees for each department, let us say, which is 
doing a little bit of research, and then we will 
have a lot of people sitting on different 
committees.

Dr. Solandt: Yes, but I think you would be 
better to try to make a critical review than to 
throw your hands up and say you cannot do 
it. However I agree that in selecting people 
for these committees you should be as careful 
as you can to get people who are not closely 
dependent on the department for support of 
their own research.

Senator Grosart: In a contingent field, I 
think we had an example of this when we 
had the Atomic Energy Control Board before 
us. It seemed to us we discovered that the 
Board consisted largely of the people who 
had the responsibility for creating hazards, if 
hazards were created. They were Atomic 
Energy Ltd.—Eldorado—I do not think there 
was a single outside person, but it did seem 
that the majority on that board were people
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who, in broad terms, needed the control if 
control was necessary.

Dr. Solandt: Your argument is that a board 
like that should contain a good many people 
who were not intimately concerned in the 
field?

Senator Grosart: I think I said it should 
contain somebody who was “scared”

The Chairman: I think Senator Grosart has 
a good point when he says that there should 
be some kind of centralization of this auditing 
exercise, because if you have people who are 
relatively far from the individual depart
ments then you are more likely to have an 
objective and independent view—

Dr. Solandt: Yes.

The Chairman: —than if you put them in 
all the departments. The two things could be, 
perhaps, highly desirable—to have the two 
institutions complementary to each other.

Dr. Solandt: Yes. I think you have very 
clearly seen the problem and suggested a 
solution.

Senator Grosart: I think there is an analogy 
in business, in say a company consisting of a 
large number of subsidiaries. You have an 
audit by different groups of auditors for each 
subsidiary and then the holding company or 
principal company has its own auditors who 
may be critical of the other audits but brings 
them together to create a co-ordinated audit 
policy. It seems to me that we can read this 
both ways and make good sense out of it.

Dr. Solandt: Yes.

Senator Robichaud: Mr. Chairman, on page 
28 of the report it is mentioned that,

As research in the universities 
expands, two factors must be considered. 
Firts, the universities must be selective 
in their efforts to expand their research 
programs.

Further down in the same paragraph it 
states that:

The joint consultations held by the uni
versities, both of Ontario and of the 
Atlantic provinces, respecting the future 
development of research on their cam
puses are a welcome indication that this 
problem has already been recognized.

What is happening with the universities 
from other provinces, the western provinces

and Quebec? Is there consultation of this kind 
going on there?

Dr. Solandt: I am not intimately aware of 
the situation. I know that in Quebec, since 
this was written, they have started such con
sultations between the university presidents 
and then, under the presidents, with the peo
ple concerned with research. It is not a criti
cal problem in the prairie provinces because 
there there are still relatively few universi
ties. Even so, they are beginning to encounter 
the problems there. I think the reason that 
Ontario and the Atlantic provinces were first 
is that they have so many more universities. 
Ontario is now up to 14 or 16 universities.

Senator Grosart: I believe it is 18 
universities.

Dr. Solandt: And the Atlantic provinces 
have a very large number of small universi
ties so that they were faced with this problem 
earlier. I think it is safe to say that all the 
universities in Canada see the problem now.

There was, for instance, a good example of 
this on the prairies where it was decided that 
another college of veterinary science was 
needed in Canada and that it ought to be in 
the prairies. The federal Government said 
they would give some support to one veteri
nary college, and the universities of the 
prairie provinces got together and decided— 
whether amicably or not, I do not know, but 
at least they decided effectively that it would 
be built in Saskatoon. It is now being built 
there. So this is a good example of the kind 
of thing that we are referring to.

It has become a very acute problem in 
Ontario where each university wants to 
become a completely rounded university with 
all facilities.

The example of this that I usually use is 
chemical engineering, where there are now 
eight schools of chemical engineering in 
Ontario. They graduated 240 students in 1967. 
One hundred were from the University of 
Toronto, 100 were from Waterloo and the 
other 40 were from the other six schools.

Obviously, this is a very inefficient way of 
using our resources.

Senator Belisle: Do you suggest, sir, that it 
would be better if we were to centralize only 
in two places?

Dr. Solandt: No. You see, with education 
being a direct responsibility of the provinces,
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it is far better that it be co-ordinated on the 
basis of that responsibility. I think it is good 
the way the Atlantic provinces have got 
together. Interestingly enough, they have also 
got the University of West Indies in on their 
discussions.

Senator Belisle: It seems to be the philoso
phy of the planning of the Ontario Depart
ment of Education, or of the universities, to 
decentralize, to have fewer universities. I say 
that because I believe they said they would 
not grant any more charters.

Dr. Solandt: Yes, but I think there is a 
tendency now to centralize the planning 
process in Ontario. This is where the commit
tee of university presidents would come in. 
As you know, they have just got a full-time 
chairman, Dr. Macdonald and they are setting 
out to have the universities decide among 
themselves the priorities for starting new 
faculties and deciding which universities will 
do it. This is on the understanding that if 
they do not do it, the Government will have 
to do it and it is better that they should do it 
themselves.

Senator Grosart: Is this not considerably 
influenced by federal Government grants 
from the various agencies?

Dr. Solandt: Yes. I think the federal Gov
ernment will have to co-operate closely with 
the provinces in doing this, but this should be 
relatively easy. That is, if the federal Govern
ment decides that they need to support a 
particular activity somewhere in the country, 
it is easier for them to consult with the pro
vincial governments to decide where it should 
go, that is, in which province. The School of 
Veterinary Science was an example of this, I 
understand.

Senator Grosart: It seems that a good many 
of the federal agencies that are getting univ
ersity grants, and I am speaking particularly 
of the project grants, are already selecting 
universities as centres of excellence in par
ticular fields.

Dr. Solandt: Yes. I know that they will be 
happier when they can select these in close 
consultation with a provincial authority that 
has looked at the problem within the provin
cial context and says, for example, “Yes, if 
you are going to start a fresh water biology 
laboratory in our province, it ought to be in 
association with such an such a place.”

Senator Grosart: Are you saying, Dr. 
Solandt, leaving aside the constitutional ques
tion for the moment, that you would advocate 
an over-all Government science policy for 
universities, or let us say policy for science in 
universities?

Dr. Solandt: Yes. I would. But, using “poli
cy” here in the very broad sense of planning 
for allocation of scarce resources. That is, if 
the federal Government has only so much 
money to put in a field—astronomy would be 
a good example—there should be very careful 
consideration of where that money goes and 
to where it would be most effective in the 
national interest. This is of course a very 
complex decision. It is not just a simple 
scientific decision. There are political and 
social considerations involved.

Senator Grosart: We have, I believe, three 
different agencies concerned with the problem 
of nuclear radiation. There is the National 
Research Council, the Atomic Energy Con
trol Board and the Department of Health and 
Welfare. Without an over-all policy it is quite 
possible that, if they were referring their 
problems to universities, each of these three 
might refer its problems to a different uni
versity. It would appear on the surface to be a 
mistake, if the decision was not first made to 
co-ordinate that and turn it over to one or 
two universities rather than to several— 
which seems to be what is going on at the 
moment. There is co-ordination and consulta
tion, but in looking over the evidence we 
have had there seems to be some reason to 
believe that there are a good many isolated 
decisions being made.

Dr. Solandt: This is one of the very real 
problems that the Committee of the Science 
Council, under Dr. Gaudry, and Mr. Mac
donald’s study group are looking at. This is 
really why we started this study. While it is 
clear that there is a need for better planning 
and co-ordination of support of research in the 
universities, still it involves three levels of co
ordination. There is co-ordination at the fed
eral level to see that the federal departments 
do not do unplanned, unco-ordinated support; 
co-ordination is needed at the provincial level 
to be sure that the federal Government does 
not do things that cut across provincial 
plans—in other words, that they support 
rather than compete with provincial plans; 
and there is co-ordination required at the 
individual university level to make sure that
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what is done is consistent with the universi
ty’s own plans for development.

But, really, the message here is that it is 
clear that we need development of continuing 
policies at all three levels. Just to give a 
minor example, when the Department of 
Energy, Mines and Resources planned to set 
up their fresh water research laboratory at 
Burlington, the Science Council privately, not 
in any publication, urged them to consult 
closely with the provincial government and 
with the universities. I think they had no 
great difficulty in consulting with the provin
cial government, but it took them three tries 
before they could get a group of people togeth
er who were accepted as the spokesmen for 
the universities, and the universities them
selves had not got together to decide on their 
policy on this kind of work. As a result of 
these discussions, the universities of Ontario 
have got together and have discussed what 
their policy should be, and so I think there is 
growing recognition of the problem and 
growing confidence in dealing with it.

The Chairman: But do you not think that 
before trying to co-ordinate the others, we 
should do a little bit of this ourselves? I 
notice m your report at page 24 you strongly 
recommend in paragraph (c)

that all mission oriented departments 
should actively seek to promote industrial 
and university work in support of each 
mission.

We have at the present time quite a variety 
of schemes of assistance to universities from 
different departments, and there does not 
seem to be too much co-ordination in this 
field of activity. As a matter of fact, I am 
sure you are aware of this recommendation 
that was made by university teachers some 
time ago that the Government should have at 
least some kind of unified committee on grants 
to universities. Otherwise there is a lot of 
duplication and confusion, and people can get 
two or three grants for the same research 
project. It seems to me we should try to co
ordinate the federal Government first.

Dr. Solandl: This is exactly the area cov
ered by Dr. Macdonald’s report which we had 
hoped to have available in December but I 
am afraid now it will be February before it is 
completely written. I expect that this will be 
a complete and effective treatment of the 
problem, because it is a very competent 
group which has been dealing with it, and he

has made a very thorough investigation. 
However, you are quite right in saying that 
this is a very real problem.

Senator Grosart: I was passing up the ques
tion of co-ordination of industrial research for 
the moment because I understand, Dr. 
Solandt, you have some problems of your 
own in that area at the moment emanating 
from a source which I think they call “stu
dent power”.

Dr. Solandt: I do not know that that would 
be classified as industrial research. They are 
not distinguished by their industry.

Senator Grosart: I was suggesting that stu
dent power seems to have moved into the 
area of co-ordination of university and indus
trial research.

The Chairman: Before we go too far from 
this chapter, could we come back to page 23 
where you say that:

“It is recomended that in future every 
new research or development activity be 
critically examined at its outset to identi
fy the appropriate organization to carry 
through the project to its final 
conclusion.”

Critically examined by whom?

Dr. Solandl: There is no central mechanism 
for examining this kind of problem and so we 
keep coming back to the same difficulty. To 
me it appears to be a fundamental problem 
inherent in our cabinet system of Government 
that in effect co-ordination between depart
ments takes place ultimately at cabinet level. 
I personally think we are going to have to 
evolve some kind of system where there is a 
staff organization that can do the staff work 
required to present these co-ordination prob
lems much more lucidly and effectively to the 
cabinet. If you can visualize a staff organiza
tion centrally located, and this could be the 
staff of a minister of Science or Science Poli
cy—it might deal with this kind of problem, 
but at present there is no one to deal with it. 
I think the classic example of this that I was 
involved in, and I should say here that I am 
taking off my Science Council hat and putting 
on my industrial hat, is the big wind tunnel 
being built out at Uplands which should have 
been built in Montreal or Toronto where the 
aircraft industry is located, because that is 
essentially a tool for applied research and 
development in the aircraft industry. I do not
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think there is any good reason for putting it 
in Ottawa, but there was no body prepared to 
look at this critically and say “should it be 
here, or should it be somewhere else?” I 
think the failure to do this has affected the 
whole structure for the scientific community 
in Canada. We have far more things in 
Ottawa than we should have had, from the 
point of view of the national interest as a 
whole, and here you have to balance the 
national interest as against scientific interest. 
From the point of view of the scientists, it is 
pleasant to have them all together. For that 
reason the Whiteshell establishment might 
just as well have been built along side Chalk 
River, and it would have been very conven
ient, but I am sure that the Whiteshell estab
lishment in Manitoba is going to pay very 
great dividends which might not have been 
the case if you had put it elsewhere.

When we were planning the Defence 
Research Board establishments after the war 
we definitely decided we were going to put 
them right across Canada, and looking back 
now it was a very wise decision. Take for 
example CARDE which has had a very great 
effect on the growth of science and technolo
gy in Quebec. They have got much better 
people there than they could otherwise have 
had if it had been established somewhere else 
because they have been able to get the cream 
of the crop there. This is a very important 
aspect of scientific planning in a nation like 
Canada and one we do not have any good 
mechanism for dealing with.

Senator Grosart: But the Science Council 
has made some critical examinations. The 
ING project comes to mind in that regard. 
Does the Science Council have any right of 
initiative under its terms of reference?

Dr. Solandl: We have the right of initiative 
on many matters if we want to exercise it. 
We have so far not dealt with specific prob
lems, largely because we felt it was wise to 
try to get the broad spectrum laid down first. 
To my mind it is more important to get peo
ple who understand a principle like this and 
accept it. This idea is becoming more accept
ed, and if you look at the decisions that have 
been taken in recent years, many of them 
have been very good from this point of view. 
For instance, the idea of putting the Institute 
of Oil and Petroleum Geology on the univer
sity campus in Calgary was obviously very 
sensible; it works more closely with the uni
versity. This is a good example of good think

ing. Even in spite of the absence of a formal 
mechanism for doing this, we are making a 
lot of progress.

Senator Grosart: But at the moment we 
have no one charged with the responsibility 
of making these critical examinations?

Dr. Solandt: That is right.

The Chairman: Are there any other
questions?

Let us consider for a moment your sugges
tions regarding assistance to industry on page 
24. Have you made any special study on our 
present programs of assistance to industry?

Dr. Solandt: Not an independent one by the 
Science Council. More than a year ago now, 
we had a very well prepared report from the 
Department of Industry outlining what they 
had done and what they had accomplished, 
with the periodic progress reports on this.

Andrew Wilson, who is here in the back
ground, who was with the Economic Council 
and is now with the Science Council staff, has 
spent a lot of time investigating this problem. 
So, we feel, on the whole, that the Science 
Council is pretty well informed about the 
problem, but it has not done any substantial 
independent study.

The Chairman: When you say that the fed
eral Government should “support Canadian 
industrial enterprise by improvement and 
expansion of existing R and D incentive pro
grams,” do you have any things specifically in 
mind with regard to improvement? Expan
sion, I understand, means more money; but 
how could we, in your view, improve our 
existing arrangements?

Dr. Solandt: The answer to this is long and 
complicated, consisting of a series of ideas 
which I really have not got properly organ
ized in the form of a report. However, I will 
give them to you as well as I can.

Let me begin by saying that this area, the 
stimulation of industrial research in Canada, 
is the one in which I personally least clearly 
see the ideal solution—and I think that is true 
of the Science Council as a whole. It is easier 
to see how to improve our activities in 
science in Government and universities than 
it is in industry.

The Chairman: And yet this is apparently 
the big problem?
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Dr. Solandl: Yes, I think it is the most 
important problem, and I think one of our 
real difficulties is to avoid concentrating our 
attention on Government and universities, 
which are relatively easy, and steering away 
from industry, which is difficult but is the 
most important problem.

As I see it, what we would like to see in 
Canada is an industrial community in which 
there was very active research and develop
ment, leading right through to new products, 
new processes of production of new goods 
and services, and particularly of ones that are 
exportable. I think we must begin to put 
more emphasis on the later stages of this 
process and less on the earlier ones, and 
recognize that in fact we do not have to do a 
great deal of research in Canadian industry to 
have very technologically competent industry; 
that if we do design, development and inno
vation based on somebody else’s research, 
this is just as good and, in fact, may be 
better.

An example that I may have quoted here 
before is United Aircraft of Canada, which is 
a wholly-owned subsidiary of an American 
company. They have designed, developed and 
produced in Canada the PT-6 gas turbine 
which is selling very successfully all over the 
world, including the United States. They have 
just completed another bigger one, which is 
at the test stage now. I am told that they do 
comparatively little research in Canada, but 
this is very advanced technology. They are 
employing Canadians for it, and are doing 
everything we would like to see in a good 
Canadian industry, and yet they are wholly 
foreign-owned.

Really, our problem is not foreign owner
ship, but to try to get as many companies in 
Canada, whether Canadian or foreign owned, 
to use modern technology very effectively in 
their particular branch of industry. The ques
tion is: How can the Government influence 
that? How can it use its money and its pow
ers of subsidy, in setting tariffs and patent 
protection, and all the other things, most 
effectively in order to bring this about?

I do not see any single, obvious answer to 
this. The incentives that have been used seem 
to have been effective. I think the General 
Incentive for Research and Development is 
probably the most effective, and it has had its 
biggest effect by inducing foreign-owned sub
sidiaries to build research labs in Canada and 
to do part of their research in Canada, just

on the ground it can be done more cheaply 
here; and I think their experience has been 
that the quality is at least as good.

The various granting programs—such as 
the I.R.A.P. program of NRC, of which you 
have heard, DRB’s program, and two or three 
others in the Department of Industry—are 
quite effective. They seem to be reasonably 
popular with industry. Of course, it is very 
difficult to decide exactly how effective they 
are.

You would be interested to know that we 
had a long discussion with Dr. Hornig from 
Washington on this problem, and it is a thing 
we do not think of, but the United States 
does not use any of these incentives: they 
have nothing of the kind; they have depended 
almost entirely on their huge contracts, which 
are predominantly for Defence and Space, 
and which really affect a comparatively small 
segment of their industry.

Many of their big industries, such as the 
steel and the chemical industries, get no Gov
ernment support for research; and some, such 
as the chemical industry, are quite progres
sive, and some, like the steel industry, are 
very backward. We tend to look on them as a 
model, that we would like to be like them, 
but it is quite obvious that their solution to 
the problem is not even to be considered for 
us. But, I do think that we must begin to pay 
more attention to how the federal Govern
ment spends its money—whether it is for pro
curing defence equipment, which is the tradi
tional way of stimulating industry, or for just 
procuring its ordinary needs such as furni
ture, buildings, and other things. I believe 
that we could do a good deal more than we 
are doing if the Government would make it a 
point every time it orders anything of putting 
quality, originality of design, and innovation 
very high on the list of qualifications, rather 
than putting low price as the sole 
qualification.

Senator Belisle: Mr. Chairman, in the light 
of what Dr. Solandt has said may I ask a 
question which may not be too relevant, but 
which has some relevance? In the light of 
the latest economic problems in England and 
France, would you agree that increased pro
duction is necessary in order for our in
dustry to survive or should we suggest to 
industry, as you said, that they spend less 
on quantity and more on quality? Are you 
optimistic about the markets?
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Dr. Solandl: About our policy in respect 
of exporting?

Senator Belisle: Yes.

Dr. Solandt: Well, yes, I am optimistic, but 
I agree with you that disturbances in interna
tional currencies and international trading 
relations, could have a disastrous effect on 
Canada. As you know, we are almost unique
ly dependent upon exports. We are far more 
dependent upon exports than the United 
States is. Anything that cuts them off, wheth
er t is our own failure to produce good qual
ity at a low price, or whether it is an inabili
ty on the part of other people to buy from us, 
will have a serious effect on us.

Senator Grosarl: Dr. Solandt, it seems obvi
ous that in the American system of govern
ment vis-à-vis industry the government 
builds the R and D funding into the contracts, 
so there they do not need incentives of the 
kind that we seem to need.

Dr. Solandt: But also many of the contracts 
themselves are for R and D.

Senator Grosart: Yes, but the mission-ori
ented contracts have built-in funding for R 
and D?

Dr. Solandt: Yes.

Senator Grosart: There seems to have been 
attempted in Canada today the kind of survey 
that you were asked about. I refer to the 
publication of the Dominion Bureau of Statis
tics entitled “Federal Government Expendi
tures on Scientific Activities: Fiscal Year 
1964-65”. This is the latest one, I think.

Dr. Solandt: There is another one that is 
just about ready. Is not that so, George?

Mr. George McColm: Yes.

Dr. Solandt: That is the next one in that 
series.

Senator Grosart: At page 8 of this docu
ment there is a short paragraph which per
haps I can read into the record. I would 
appreciate your comments on it. It is entitled 
“Performers of R and D, and it reads as 
follows:

Most of the funds provided by the 
Federal Government for scientific re
search and development continue to be 
spent for work performed in its own 
establishments.

29372—2

That is the point you have made in your 
reports, of course.

However, an increasing proportion of R 
and D funds seems to be used in support 
of extra-mural R and D. For example, in 
1962-63 almost 79 per cent of such funds 
was allocated to intra-mural R and D, 
whereas the proportion was expected to 
be only about 62 per cent in 1965-66. In 
the past, though, there have been sub
stantial fluctuations in such ratios. The 
relative shares of both industry and edu
cational institutions have been increasing 
over this period—that of industry has 
more than doubled while the share of 
educational institutions has risen by 
about 40 per cent.

Is that a trend that you see continuing—that 
is, the trend you have recommended; the 
trend from intra-mural research to education
al and industrial research?

Dr. Solandt: Well, ideally I think what we 
would like to see is expenditure in research 
and development in industry grow most rap
idly, the universities next, and then the Gov
ernment. If we can get these growth rates, 
then the situation will correct itself over a 
relatively short time. As I see it, the problem 
is to get a high rate of growth in industrial R 
and D.

Senator Grosart: How likely are we to run 
into more serious problems such as—I am not 
being critical—the Canadian General Electric 
pull-out from reactor development? Is this an 
isolated case, or are we likely to find indus
tries shying away—particularly Canadian 
subsidiaries of American firms—from large 
scale investment in industrial research in 
Canada?

Dr. Solandt: This is a very difficult question 
to answer, but let me say that as I see it, 
nuclear power has been one of Canada’s 
major programs. We have never called it 
that; we have never necessarily looked upon 
it in that way, but it is one of our major 
programs. The total expenditures are 
approaching $1 billion, as I recall the figures. 
If you look at it as a complex program, going 
right through from fundamental research to 
production and use, you will see that we are 
in difficulties at the production and use end. 
These difficulties are due to the fact that we 
have never been able to effectively transfer 
the technology from government to industry, 
as was done in the United States. I think that
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that failure has been due partly to the fact 
that we did not have in Canada a Canadian 
company that was willing to take on the job 
of using this technology. To my mind, the 
choice of C.G.E. for this task was an unfortu
nate one, because the parent company is 
deeply involved in a competitive range of 
reactors. It seems to me that that could have 
been foreseen; that there would have been 
difficulties over this. I am being wise after 
the event, but I think we would have been 
far wiser to have found a Canadian company, 
but there was not one. Nobody expressed any 
interest in it.

Again being wise after the event, I think it 
would have been very sensible for the 
Canadian Government to have tried to stimu
late—well, to have subsidized, if you like— 
the formation of a Canadian industrial com
plex to undertake this job.

We have got to watch this very carefully in 
the future and be sure that we do not have 
our efforts to convert science into effective 
economic gain frustrated by not having in 
Canada the right industrial organization to 
complete the development. You see, we have 
the industrial competence. Canadian industry 
can do this. It has demonstrated it can do it. 
But, in the case of C.G.E. the difficulty that 
we ran into was that the company is owned 
in the United States, and is run by a company 
that would have been competing with itself in 
this field.

Senator Grosari: And there was also the 
problem here of international marketing?

Dr. Solandl: Yes.

Senator Thompson: I notice that we have 
mentioned the stimulus of government in the 
way of grants, tariffs, and patents. Is the 
limitation on the issue of patents in Canada, 
and having them issued in the United States, 
part of this picture?

Dr. Solandl: I honestly do not know how 
important a factor it is. There is no doubt 
that it is a factor, and some of the industri
al members of the Council have been suggest
ing that we look more carefully into not just 
competence, but performance and all the non
technical factors that substantially influence 
the use of science and technology.

Mr. Wilson, do you want to say anything on 
this? Would you like to add anything?

Mr. A. H. Wilson, Science Adviser, Science 
Council of Canada: I do not think so, sir.

The Chairman: At the bottom of page 
24 you say that in certain cases 100 per cent 
funding will be necessary because it is done 
in other countries. In what other countries is 
this done at the moment?

Dr. Solandl: It has been done in the past, 
particularly in the aircraft industry, in the 
United States, Britain, France and Germany, 
and our competitive aircraft industry has 
never had as an extensive a subsidy as its 
competitors. It has also been done to some 
extent in some fields of electronics, but 
here, in at least some cases, Canadian indus
try has had as good a subsidy. When you say 
100 per cent funding, what you really mean is 
that the Government buys the first two or 
three prototypes and just pays for them. Of 
course, in most cases it has been done 
because it was an aircraft or electronic equip
ment wanted by the military.

The Boeing aircraft is a good example, 
where the development costs of the 707, for 
instance, were paid for by a major order for 
tankers for the U.S. Air Force, and they were 
the same aeroplane except that they did not 
have windows and a few other trimmings. All 
the basic work was bought and paid for com
pletely by the Government. It is almost 
impossible for anyone to compete against that 
sort of subsidy, so the point here is that when 
we are deciding what we want to do in sup
porting research and development in industry 
we must look at what the industry has to 
compete with. It is no use giving an inade
quate subsidy that will not be effective. We 
should either give none or give enough to be 
effective.

Senator Grosari: Do you think there is an 
try of Technology use this prototype-purchas
ing funding method quite extensively now?

Dr. Solandl: Yes.

Senator Grosari: Do you think there is an 
area in which this might be developed in 
Canada?

Dr. Solandl: Yes, but this is a very dan
gerous technique. I know that some people in 
the British aircraft industry feel that lack of 
success in recent years has been due to the 
choice of prototypes by government officials 
rather than by people in the industry, because 
if the government is paying for the construc
tion of an aircraft it is very likely to decide
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what kind of aircraft it should be and how it 
will be designed and built.

In De Havilland, with whom I worked for 
a while, the story they always liked to tell 
was that their greatest success was the Mos
quito, but they did not even tell the Ministry 
of Aircraft Production that they were design
ing it until after it was flying, so they got no 
interference at all and produced a successful 
aircraft. I think this is a very real problem.

Senator Grosart: The danger being that the 
procurement decision may be a political rath
er than a marketing decision.

Dr. Solandt: Yes. Decisions in this field 
must be market oriented. This, of course, is 
another of our problems in Canada, that we 
have to be very conscious of markets and 
design for markets rather than design and 
build something that we find interesting to 
do.

Senator Grosart: If we had better luck it 
might be a good reason for staying in NATO.

The Chairman: No politics, please!

Senator Grosart: I qualified it, Mr. 
Chairman.

The Chairman: At the top of page 25, it 
seems to me we again face the problem we 
discussed a moment ago, where the report 
says:

The Science Council is anxious to en
sure that all important areas of scientific 
activity are considered for support, so 
that available funds are used as wisely 
as possible.

I suppose you would agree that at the 
moment there is no mechanism to do this?

Dr. Solandt: No, but I think that in the 
fairly near future our reports will make a 
substantial step in this direction. That is, the 
report on university support emphasizes the 
whole scope of research in universities and 
looks particularly at areas that are not getting 
support and discusses how to ensure that all 
areas are at least considered.

The Chairman: But considered by whom?

Dr. Solandt: This report will recommend a 
mechanism for considering this from the 
university support point of view, but this 
does not solve the total problem that we keep 
coming back to.

The Chairman: On page 26 you state your 
general principles for the future and say:
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All Federal Government scientific 
organizations should be mission-oriented 
and should be engaged principally in 
applied research and development.

How do you see the role of the National 
Research Council in all this?

Dr. Solandt: The National Research Council 
has only two divisions that are not mission- 
oriented, or that are not doing applied 
research which could be and should be mis
sion-oriented. Much of it is, some of it is not. 
These are the Divisions of Pure Physics and 
Pure Chemistry. Being wise after the event, I 
am doubtful whether they should have been 
formed. Now, it is heresy of the worst kind 
for a scientist to express this view. I think 
there is no doubt whatever that they have 
made a major contribution to the develop
ment of science in Canada and I do not for a 
moment want to suggest anything that would 
detract from the credit due to them. How
ever, I personally think they would have been 
more effective had they been set up in con
nection with one or more universities, 
because that kind of institute, a pure science 
institute, produces both new knowledge and 
new students, by which I mean new scientists 
if it is in connection with the university.

The NRC view, which I think is quite 
right, is that they in fact train a good number 
of post-doctoral students in the Divisions of 
Pure Chemistry and Pure Physics. My argu
ment would be that if they were in universi
ties they would attract people into science 
whereas now they just have people who have 
been attracted by someone else. They are 
such an important and successful element in 
our scientific community now that I would 
strongly urge that they continue to be sup
ported, and supported really adequately, that 
we continue to look critically at the quality of 
their work, which has been very high, and 
that we try to establish closer links with the 
universities, although they already have pret
ty good links.

The Chairman: So you think most of their 
activities at present are mission-oriented but 
they have several missions?

Dr. Solandt: No. I think that most of the 
activities in the NRC are in applied research. 
Many of them are mission-oriented and I 
think all of them should be. I think there is 
room for redefining the goals of many ele
ments in the NRC and again I am sure if Dr.
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Schneider were here he would agree with 
this. I am very hopeful that the NRC will 
play a major role in some of the major pro
grams that we have discussed, the mission- 
oriented programs, because by doing this they 
will then become involved in scientific activi
ties that go right through the whole scientific 
community.

Senator Grosart: When you speak of NRC 
mission oriented projects, are you referring 
to the referral projects or projects that have 
been initiated within NRC—naturally both I 
suppose. What is the percentage; do you have 
any idea?

Dr. Solandt: No, I have no idea, but by far 
the greater part of their work is initiated 
within the NRC itself and really starts from 
their understanding of new opportunities that 
arise out of scientific discovery.

Senator Grosart: Rather than looking to a 
problem that exists and seeking a solution for 
the—

Dr. Solandt: Yes.

(Short recess)

upon resuming:

The Chairman: Any other questions on 
Chapter 5?

Senator Thompson: I would just like to 
raise the question or follow up on Senator 
Grosart if I could. On page 27 you are saying 
that we have got to have this concerted effort 
to encourage the training of people into 
science. I have some concern about the atti
tude of the students toward science. I look at 
a gentleman like yourself and the remarks 
that are made, which are so out of character 
and yet I think it is symbolic of an attitude of 
young people towards becoming impersonal 
and a sense of frustration towards our whole 
technological community, which may go to 
the extreme of hippies and so on. I wonder if 
there has ever been a study done of the atti
tude towards science of young people who are 
planning to go to university. I have a feeling, 
if I may express this, that some look at atom
ic bombs and other things and this is almost 
like going into the league of Satan to develop 
and go into science. I have a suspicion that 
some really able minds on some moral 
grounds are not going into science.

Senator Grosart: Writing poetry.

Senator Thompson: Probably writing
poetry.

Dr. Solandt: There is no doubt that this 
tendency is being observed. It seems to be a 
little more evident in Britain and the United 
States than it is in Canada. I have not seen 
the figures for registration for 1968 but up to 
then there had not been much change in the 
percentage of students going into science and 
engineering in Canada in recent years. There 
has been a decline in the percentage going 
into engineering and an increase in the per
centage going into science and I think some 
change in favour of the biological sciences as 
opposed to the physical sciences—is that not 
about right?

Dr. McTaggarl-Cowan, Executive Director 
of the Science Council: I think I could ampli
fy that. I had a study done on this trend, par
ticularly in physics and chemistry throughout 
the western world. There is no question but 
that the percentage enrollment in physics is 
dropping in every country in the western 
world and is still rising in the Soviet Union. 
These were firm figures. Chemistry has been 
less spectacular, but that is the trend. The life 
sciences are going up fast, but on balance it is 
steady. Engineering has fallen but there is an 
indication now that it is past the bend and on 
the way up.

Senator Thompson: Was there a reason for 
physics falling off?

Dr. McTaggarl-Cowan: Yes. The general 
student attitude. Here one relies on the social 
sciences surveying the individual science stu
dent’s attitude and the science students are 
not always tuned in with the social sciences. 
They have a falling off in physics and chemis
try, which results from an attitude which is 
two-fold—one, that in high school they are 
looked on as tough subjects and therefore the 
system and the administrations of the schools 
tend to encourage students away from the 
tough subjects, so that the school gets a high 
rating. This is being mitigated but it is still 
there.

The other is that the students themselves 
feel that the life sciences are constructive and 
that physics and chemistry are not construc
tive. This is a general attitude, the glamour of 
the new research findings in the biological 
sciences, the DNA molecule and the like, that 
have been written up so well in Scientific 
American and Fortune. They have captured
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the imagination, that these research fields are 
forward and looking into a greater under
standing of life and therefore you have this 
major swing in enrollment.

Dr. Solandt: Another point is that math
ematics has started up spectacularly. Water
loo, for instance, has 1,700 students in the 
faculty of mathematics now; it is getting com
parable in size to their engineering school, 
which is about the biggest in Canada. Dr. 
Fetch was telling me that at a recent confer
ence on mathematics which had been held in 
the United States, it was decided that if the 
trend continues, it will be only two or three 
years before more people will be taking 
mathematics than are taking physics and 
chemistry combined. Why mathematics? Lo
cally in Canada I think it is because of the 
great opportunities for people both for em
ployment and for interesting careers in 
mathematics, in relation to computers. I think 
this is what stimulated it. These are not fun
damental mathematicians : they are applied 
mathematicians.

Senator Thompson: Taking your second 
point, about being non-constructive, what do 
you do about that? What bodies do something 
about it, in order perhaps to clarify this mis
conception to the student?

Dr. McTaggari-Cowan: I think the approach 
has to be made to the students in the high 
school, because these are ideas formulated 
before they come to university. The Cana
dian Association of Physicists and other 
professional groups, universities, internally, 
have and are mounting programs to go out to 
the schools to talk about modern physics and 
modern physics research, to try to undo the 
damage which the association of the nuclear 
bomb directly with physics has done in the 
minds of at least two generations. There is 
plenty to talk about. It is a misconception of 
modern physics and modern chemistry, but it 
is going to be undone only by the faculty of 
the universities in physics and chemistry get
ting out to schools and talking and demon
strating—in my judgment.

Senator Thompson: Thank you.

Dr. Solandt: Might I add a word. I do not 
think that we should be desperately con
cerned about these changes in emphasis. It 
seems to me to be quite clear that if we are 
to continue to have a happy and productive 
and pleasant society in the world, we have to

begin to learn more about people and how 
they work together and about social organiza
tions. I am not at all unhappy to see a swing 
of support toward the social sciences to try to 
bring them along faster in order to work 
closely together with the natural sciences.

I think that part of the swing away from 
physics and chemistry is a feeling that they 
have been responsible for the atomic bomb 
and for television and jet transport and many 
of the things that obviously are producing the 
change which is upsetting our social 
structure.

I do not think we are going to solve our 
social problems by slowing down change but 
can solve them by finding out how to live 
with the change. But these changes in balance 
which are interesting the scientific mind are 
good, if they follow the needs that society 
perceives at the time.

Senator Belisle: You have just said that 
there was a fairly good trend or move toward 
mathematics. Knowing that we need so many 
credits to get a degree, I am curious to know 
what other subjects they are taking besides 
mathematics. Are they walking away from 
history and from the languages?

Dr. McTaggari-Cowan: Perhaps I can try to 
answer that, Mr. Chairman. The major area 
of increase in enrolment is in the social 
sciences, particularly in political science, soci
ology and anthropology. These are increased. 
The humanities, with some aberrations, are 
holding their own or perhaps decreasing. I 
would say, therefore, that the increase in 
enrolment in mathematics is coming in part 
from those that might otherwise have gone 
into physics or chemistry and in part from 
the humanities. It may sound stupid, but 
modern mathematics of the purest sort is 
very close to the humanities. The mathemati
cal logician of the pure sort really only talks 
to the philosophical logician. So I think it is 
coming from the two ends of the spectrum 
with a major build-up in the social sciences.

Senator Belisle: But the humanities are still 
holding their own.

Dr. McTaggari-Cowan: It is a checkered 
pattern. Philosophy and history are extraor
dinarily poorly represented in enrolment in 
Canadian universities. You can follow this in 
the pattern of the enrichment of grants for 
graduate students, and this comes back to Dr.
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Solandt’s remark that the slow trend to 
improve the position of the social sciences in 
grants support needs quickening, because 
they are central to the solution of many of 
the problems that society is grappling with.

Senator Belisle: Thank you.

The Chairman: In the middle of page 27 of 
section 5 you say:

However, it must be recognized that 
traditional government departmental 
structures and procedures were not 
designed to accommodate scientific activi
ties, and there are administrative com
plications inherent in operating a 
research establishment within a Public 
Service environment.

What do you have in mind there? Do you 
envisage separating mission-oriented research 
from the department? Do you have in mind 
an arrangement such as they have in defence, 
with the Defence Research Board closely 
associated with the department but still hav
ing greater independence and greater flexibil
ity in so far as its administration is con
cerned? Or did you have anything specific in 
mind at all?

Dr. Solandl: I should begin first of all by 
saying that I am biased in this field, having 
been the founder of the Defence Research 
Board. It has always looked pretty good to 
me. I should also add that this paragraph in 
the report was written and rewritten many 
times. What we have put in was the result of 
a great many discussions which it would have 
been interesting for you to hear, but they are 
too long to rehearse. The consensus of opinion 
which is in this paragraph is that the Govern
ment departmental structure is not a good 
one for scientific research. Originally we had 
this drafted to say that you really must have 
some different structure for research, some
thing like a Crown company or a separate 
board, but after a good deal of discussion we 
concluded that the administration of depart
ments in the Government has changed so 
much and the Public Service Commission has 
changed so much in the 20 some odd years 
now since the Defence Research Board was 
formed, and other similar organizations such 
as the Fisheries Research Board and so on, 
that it should be possible now to devise and 
run a pretty good research organization with
in a departmental structure.

I think there are still problems. The princi
pal problems used to be twofold. First of all

there was the problem of personnel. It used to 
be that you could not go out and offer a 
person a job. Usually, the person you want 
for a job is somebody you identify and say, 
“That is the man I need to do the job I want 
done.” If you say to him, “Will you please 
apply to the Public Service Commission and 
put in 17 copies and a lot of diffrent forms,” 
he will say, “I thought you wanted to offer me 
a job. I am not looking for a job.” This was 
one of our problems in D.R.B. It is one of the 
reasons we set up separately. We could go out 
and recruit people.

The Chairman: You could recruit them for 
a certain period of time, for instance.

Dr. Solandt: But the Public Service Com
mission is now willing and able to do this. So 
this disadvantage has disappeared. Promotions 
and selection of staff are a problem in that 
you want this done, if possible, by other 
scientists.

The Chairman: And salaries would be a 
problem.

Dr. Solandt: And salaries and so on.

The Chairman: Salaries would tend to be 
lower, I presume, in the Public Service.

Dr. Solandt: The Defence Research Board 
had and still has a selection committee made 
up of outside members. You will recall that 
Mr. Houlding, the President of R.C.A. Victor, 
was here as chairman of their selection com
mittee. Having an industrialist there together 
with people from universities, you tend to get 
some equalization of salaries. They would say, 
“Well, if this man were coming to work for 
my company, I would offer him so much 
money.”

The other problem, which again is quite 
soluble now within a departmental organiza
tion but was not 20 years ago, is financial 
flexibility. If you have a research organiza
tion in which you have to specify in advance 
what project you are going to put the money 
in, but cannot move that money from that 
project to another project, then you are 
bound to be in real difficulties. We used to 
watch with amazement the way this was done 
in some of the United States Government 
laboratories, where research workers would 
have money to do a project, but halfway 
through the year would find that it was not a
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good project and would want to go to some
thing else but could not use the money.

Again this is soluble. I think, really, the 
answer is that, if you have good management 
in your departments right from the top down 
and use all the flexibility that is available 
now in the Government mechanism, you can 
run a pretty good research organization with
in a departmental structure.

There is no doubt that for a “biggish” 
group like the Defence Research Board, the 
structure they have is very effective and is, I 
think, a good one.

The Chairman: Are there any questions on 
section 6?

Senator Grosart: Dr. Solandt, I have really 
the same question that I asked you in connec
tion with section 5, which arises out of your 
recommendations starting on page 32, where 
you are dealing with the approach to major 
programs. Again you suggest an advisory 
committee. This time I think it is quite clear 
that you are referring to the departmental 
minister, and you go beyond that and say 
where several departments are concerned 
there should be an over-all agency. Would not 
this function be served by the same audit 
committee? The audit committee is looking 
over all projects. Now, do you need a sepa
rate committee to look at major projects? 
Again I am coming back to the question of 
mechanism, and I am trying to find as simple 
a mechanism as possible for the control of the 
federal Government component in R and D.

Dr. Solandt: The committees we are talking 
about here are concerned with guiding the 
actual conduct of the major program, and of 
course should be concerned with the quality 
of the work being done and the relevance of 
the work. I would say that if these commit
tees worked in the ideal way, then you would 
not need to have the audit of work that was 
under their guidance. The work under their 
guidance to gegin with would be a very small 
proportion of what is going on in the Govern
ment. But it would be an increasing 
proportion.

Senator Grosart: You see this as an opera
tional advisory committee?

Dr. Solandt: Yes.

Senator Grosart: Do you see them as simi
lar to the committees you have in the Science

Council? You have projects committees in 
the Science Council?

Dr. Solandt: Yes, but we do not do any 
operations. The Science Council is not respon
sible for any operations.

Senator Grosart: I am now merely dealing 
with research operations. In the Science 
Council your operational area is the assess
ment of projects. My understanding is that 
when you let out a research project, then you 
set up an advisory committee to oversee it.

Dr. Solandt: Yes, but this is to oversee an 
investigation, not an operation. For instance, 
our recommendation on water resources is 
that we have an advisory committee. It is 
recommended that the existing national com
mittee be reconstituted and given slightly 
different terms of reference in order to guide 
that program, but in this case we would visu
alize this committee, for instance, discussing 
in some detail how much money is needed for 
each particular part of the program each 
year, and advising the minister on how actu
ally to conduct the operations of the program 
for the ensuing year.

Senator Grosart: Would it not see a similar 
advisory committee attached to the responsi
ble ministry in the cabinet?

Dr. Solandt: No, this committee would be 
responsible to the minister.

Senator Grosart: But to the departmental 
minister. I am coming back to the same ques
tion I raised before. Do you see an over-all 
advisory committee?

Dr. Solandt: Yes, the Science Council. I 
would envisage if you had a minister of Sci
ence Policy, the Science Council as such 
would—I would not say disappear—but it 
should transfer its allegiance and it would be 
advisory to him.

Senator Grosart: Would there not need to 
be a full-time council?

Dr. Solandt: I do not think so if it had a 
competent full-time staff. I would envisage 
the purpose of the council as being really to 
bring a dispassionate judgment to issues that 
would be raised and clearly portrayed by the 
staff. It seems to me that the purpose of hav
ing an organization like the Science Council is 
to try to bring to bear on national problems 
the views of people who are not deeply im-
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mersed in them on a day to day basis, but 
who can look at them from a different pers
pective.

Senator Grosarl: Perhaps my difficulty is 
that I do not see the political decision-maker 
needing much more in the way of advice. But 
I do see him needing helpful direction. That 
is why I have a suspicion of the use of advis
ory committees at this top level, but I do not 
know what we can substitute for them. No 
political decision-maker is short of advice, in 
my opinion. He needs something else, and 
this is what I am trying to get at, if he is 
going to make valid decisions.

Dr. Solandt: I think the staff would supply 
the kind of thing you mean, and his deputy 
minister would really be the key person in 
the kind of effective advice I think you are 
talking about.

The Chairman: Any questions on Section 6?

Senator Thompson: I was looking at your 
goal of world peace and relating it to the 
number of criteria that must be met. I am 
thinking of your approach to foreign aid in 
order to tackle the question of poverty and 
hunger. I am not sure in your criteria wheth
er you do not keep emphasizing the need for 
industry in Canada. Perhaps I should not say 
“emphasizing”, but I wonder if they both 
match.

Dr. Solandt: Well; I certainly feel very 
strongly that a contribution to world peace 
and helping the “have-not” nations is in the 
enlightened self-interest of Canada, and I 
would regard this as expenditure for Canada 
although not necessarily in Canada. Is that 
your point?

Senator Thompson: My point was, and I 
just briefly looked at it—that Section 4 of the 
criteria that must be met, you emphasize new 
industries and you say they must come into 
being and get established on a viable footing. 
I presume you meant in Canada. It seemed to 
me this might eventually arise with develop
ing nations and with trade, but if you are 
going to speak by that criteria, you might 
limit some of the work you are going to do on 
a long-term basis in research with respect to 
world famine.

Dr. Solandt: There is no doubt that the 
whole report is full of conflicts. That is to 
say, a great many of the stated goals and

criteria are conflicting, and the problem of 
policy is to decide just how much of each you 
want. I think, as I illustrated before, even the 
apparently simple goals that the Economic 
Council have set in economics are completely 
conflicting. That is to say that you could not 
achieve them all at once. For example, the 
obvious one of stable prices and currency and 
full employment are just about impossible. 
You can easily get, or perhaps I should say 
you can more easily get one or the other, and 
similarly with all these things. There is no 
doubt if we want to help the “have-not” 
nations we are going to have to restrict our 
own growth in some areas to avoid competing 
with them. We are going to have to buy 
things from them that we could from the 
pure view of monetary gain make here. This 
is one of the compromises we are going to 
have to make. I think the wealthy countries 
of the world are going to have to make much 
bigger sacrifices in the future than they have 
been willing to make in the past.

Senator Thompson: In your concept of set
ting up a commission to handle a major pro
ject, just taking this factor of world famine, 
would you give me some idea who would be 
included in that commission? It would be the 
Department of Agriculture, or their research 
division, I presume; or would you set up a 
commission?

Dr. Solandt: We have not really defined our 
mechanism of action here adequately. This is 
one of the things we are starting to work at 
now. As far as the Science Council has 
gone...

The Chairman: Do you not think you will
be a bit late?

Dr. Solandt: We are going to be late with 
everything.

The Chairman: But in this specific case? 
The Government has already announced that 
it would set up a research institute or council 
on external aid.

Dr. Solandt: Yes, but we have been in 
touch with Mr. Strong and others there, and 
our idea is that their initiative may in fact 
become what we are thinking of, as long as 
incorporated in it is good science.

We had never envisaged we would set up a 
separate scientific activity in foreign aid, but 
we want to try to make sure that science is 
used in foreign aid wherever it can be help-
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fui. One of the most helpful fields is to find 
out how best to transfer to developing coun
tries the technology they need. Developing 
countries do not really need to do much 
research and development, because nearly all 
the technologies they need for the foreseeable 
future are available in other countries; but 
experience has shown that it is desperately 
difficult to transfer an advanced technology to 
a relatively primitive people.

What we see as the big problem, where 
science can help, is to find out how best to 
transfer technology and to ensure that, as 
needed, it is transferred to the under
developed countries. We do not envisage this 
as a separate, purely scientific venture; we 
are looking at getting science into all our 
activities in the field.

Senator Grosart: The Russians seem to be 
far ahead of us in this transfer of technology 
to the developing countries.

Dr. Solandt: I am not quite sure how effec
tive they are. When I say that, I am not 
suggesting they are not effective; I just do not 
know how effective they are.

Senator Grosart: On a cursory reading, one 
gets the impression that the order of effec
tiveness in technological transfer to develop
ing countries is pretty well Russia, China and 
Israel, all of whom have a policy of transfer
ring technologies. We do not seem to be doing 
this to the same extent in the rest of the 
western world, leaving out Israel.

The Chairman: I understand that this 
proposed centre would be set up specifically 
with this idea in mind.

Dr. Solandt: Yes, and our idea is that quite 
likely our major program would be merely to 
get the whole-hearted backing of the scientific 
community in Canada behind this develop
ment agency.

The Chairman: The committee might con
sider at a later stage whether we should hear 
Mr. Strong on this subject. I think that he 
would be very happy to come before the com
mittee to explain what they have in mind in 
creating that centre.

Senator Grosart: I know that he has a pro
gram in mind.

The Chairman: Yes, this was announced in 
the Speech from the Throne.

Senator Thompson: Prior to this announce
ment, from looking at your report Towards a 
National Science Policy for Canada, you 
placed a lot of stress on this in No. 5 of your 
“National Goals”. What were you planning to 
do with respect to this? Were you going to set 
up a commission?

Dr. Solandt: No. We have always envisaged 
we could just work with—I was going to say 
the “External Aid office,” but it is now the 
International Development Agency, is it not?

The Chairman: Yes.

Dr. Solandt: All we wanted to do was to 
ensure that they used science as effectively as 
possible, and we would do what we could to 
help them get the backing of the scientific 
community.

Senator Thompson: I had sensed that the 
Department of Agriculture is attending vari
ous international committees and is thinking 
of sending a team over. This is in the report 
it presented to us. I was wondering, apart 
from agricultural scientists, how our whole 
approach is being co-ordinated in helping the 
underdeveloped countries. Is there a central 
body through which representation from the 
various departments in scientific research is 
funnelled to work in the underdeveloped 
countries?

Senator Grosart: Are we on No. 7 now?

Senator Thompson: I was finishing on this.

Senator Grosart: I just wondered.

Dr. Solandt: Most of it is funnelled through 
Mr. Strong’s agency. In the scientific field 
there is a fair amount of direct aid—for 
instance, with regard to relationships in 
scientific work between many individual uni
versities; there are two or three agencies that 
are sending out people to help with manage
ment and research; there is a group of scien
tists that is very active up at Chalk River, 
to do research, and you have probably read 
about their work.

The Canadian National Railways, for 
instance, has sent half a dozen teams to devel
oping countries to help on railway problems, 
largely through the World Bank. So, there are 
many different channels.

When this agency gets started, I hope that 
we can get the work better centralized, so 
that we can get a better picture of how much 
we are doing and how we could do it better.
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The Chairman: Even within Government, 
several federal departments have their own 
program. For instance, Health and Welfare 
have their own program to assist under
developed countries. I do not know how this 
is being co-ordinated at the moment.

Dr. McTaggart-Cowan: There are the spe
cialized agencies of the United Nations, con
cerning which Canada is a signatory to the 
various treaties, and there the responsibility 
is normally delegated to a particular depart
ment, in consultation with External Affairs, 
and this provides another avenue of direct 
participation.

The Chairman: In any case, if we invite 
Mr. Strong, I am sure that he will be in a 
better position to answer these questions 
about co-ordination in that specific field.

Dr. Solandt: Naturally; yes, he would be.

The Chairman: Section 7, on major 
programs?

Senator Grosart: I have a question, Mr. 
Chairman. At page 36, talking about proto
type major programs, I do not understand the 
sense in which the word “prototype” is used, 
or what a prototype program is. However, my 
question relates to the phrase “systems of 
organization and co-ordination which have 
been proposed”. What systems of organization 
and co-ordination have been proposed? What 
has this reference to? Is it a reference to 
what is proposed in the report?

Dr. Solandt: Yes, they are proposed in the 
Space Report and the Water Resources 
Report. Each has a proposal in it for a 
mechanism of organization and co-ordination.

Senator Grosart: Would you give us a brief 
description of that?

Dr. Solandt: Well, very briefly. . .

Senator Grosart: Can you call it a system?

Dr. Solandt: Well, an organization. Briefly, 
we state in the case of space that because 
there are so many different departments con
cerned, each with some very valid and impor
tant interests in space, the only way to get a 
coherent, well-planned and integrated space 
program is to set up a space agency which 
would not be in any one department, but 
which would be responsible for formulating a 
national space program, and administering it.

Probably, the performance work could be 
spread around departments as it is now, but 
the agency would be responsible for the co
ordinating and planning of the program.

In the case of water resources we consid
ered that since responsibility for co-ordina
tion had already been assigned to the Depart
ment of Energy, Mines and Resources, and 
since their interests and concern with water 
was the dominant one, although many other 
departments are very much concerned in it, it 
would be better, rather than recommending 
the setting up of a new water agency, to 
recommend that the major program in water 
resources research should be co-ordinated 
within the Department of Energy, Mines and 
Resources by a committee which already ex
ists, but which would require some alteration.

The Chairman: As a supplementary ques
tion I should like to ask to whom the agency 
proposed for space, for instance, would 
report?

Dr. Solandt: I have forgotten whether we 
made a specific recommendation in that 
respect.

Mr. J. Mullin, Secretary, Science Council 
of Canada: There was a reference to a specific 
minister to which that agency might be re
sponsible in an earlier version of the report, 
but this was removed from the final version.

Dr. Solandt: Yes. We had so many con
flicting ideas. This is a perfect example of 
what you are—in fact, although your ques
tions are coming around to this again, we 
keep coming back to the need. The truth of 
the matter is that there is no one in a position 
to take a recommendation such as this, and 
convert it into action.

Senator Grosart: That is why I made the 
remark that it sounds to me rather like a 
pious hope. There just is not a system of 
organization and co-ordination at the 
moment, and it seems to me that we talk too 
much about co-ordination and not enough 
about control. I might read to you a comment 
that appeared in the Financial Times of May 
6, 1968. It was made at the time of your 
Council’s report on ING. This article says that 
you are apparently recommending an annual 
expenditure of 2 per cent; that the prediction 
you make is that if ING is to go ahead it will 
be on the assumption that the total federal 
Government’s expenditure would rise from



Science Policy 1277

1.3 per cent to 2 per cent. Referring to the 
Science Council, the article says:

It (the Science Council) is calling for 
huge “directed programs” which will 
relate “to the social needs of the Canadi
an people or to the strength and produc
tivity of the Canadian economy.”

It leaves open, however, the question 
of how these programs will be directed, 
and what controls need to be established 
to see that this vast investment in science 
is not wasted.

This brings me back again to the question: 
How do we get control of policy-making, 
operational expenditure, and an effective 
technical audit? This article says that you 
have left this question open.

Dr. Solandl: Yes, we are talking now just 
about these factors in relation to science, but 
we can just as well have the same discussion 
in relation to economics, or in relation to any 
other problem. The truth of the matter is that 
there is no central mechanism for co-ordina
tion except the cabinet, and the cabinet can
not deal with the level of detail that we are 
talking about. The problem that faces the 
country is a fundamental one of Government 
organization, and the Science Council has 
hesitated to recommend a complete reorgani
zation or a complete change—well, a prospec
tive change in the structure of Government 
organization—but maybe we should.

Senator Grosart: This is my point. I think 
you should, and I hope you do before we 
have to do it.

Dr. Solandt: I was going to say that I rath
er hoped you would do it first, because you 
are in a much more influential position to 
deal with problems of this kind than we are.

Senator Grosart: It has been said, for 
example, that the Economic Council was 
forced to move into a vacuum in respect of 
setting certain national goals which are 
apparently beyond its terms of reference.

The Chairman: No, it is right in their terms 
of reference.

Senator Grosart: I said that it has been said 
it has had to do that. I will not go beyond 
that.

The Chairman: I wrote the act.

Senator Grosart: Then, I bow to your opin
ion. But, it has moved into an area that at

least goes beyond the name “Economic Coun
cil". It is talking about social goals, and relat
ing them to the economy. I am again suggest
ing that if this vacuum exists in the area of 
federal Government science policy then some
body has to come in and fill it. This is my 
point.

Dr. Solandt: Yes.

Senator Grosart: To what extent do you see 
the Science Council itself filling that vacuum?

Dr. Solandt: It is not in an effective posi
tion to do this because it is not an executive 
body. It is now split off from the Science 
Secretariat, and has no administrative con
nection inside the Government. That is why 
we cannot take the action necessary to form a 
space agency.

Senator Grosart: I think you have put your 
finger on the whole problem, Dr. Solandt, by 
using that phrase “an executive body”. Yet, 
all the recommendations we get are for advis
ory committees. Surely, what we need in this 
area is an executive body, and that would 
seem to me to mean a minister of science, or 
of science policy. Is that a fair conclusion?

Dr. Solandt: Yes. I think all the discussions 
of the Science Council are coming around to 
the view that we need a minister for science 
policy, but I wonder if we do not need minis
ters for policies of other kinds as well. I was 
suggesting to Senator Lamontagne that you 
might get Dr. Okita, when he comes, to tell 
you about the organization in Japan. I think 
it is a very interesting model that we might 
well study.

The Chairman: I think that at the press 
conference when you issued that report you 
referred to the desirability of having a 
minister generally responsible for this area, 
but you said he should be a minister without 
portfolio. What do you have in mind there? 
Do you mean that he would have nobody 
responsible to him?

Dr. Solandt: No.

The Chairman: He would have no services?

Dr. Solandt: I think it was Dr. Gaudry who 
said this, and his use of the term “minister 
without portfolio” arose from the discussion 
we had just had with Mr. Drury, in which he 
was using the term “minister without port
folio” to mean a minister without a 
department.
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The Chairman: But it might be a 
department?

Dr. Solandt: Well, it would be a very small 
department. I cannot see how any minister 
could function effectively without a good 
staff. Really all you mean here is that you 
want a minister who has a good supporting 
staff, but since he will have no large opera
tional responsibilities he will not mean a big 
department; 50 people perhaps.

The Chairman: Suppose the idea of setting 
up a kind of national centre on scientific and 
technological information is accepted. Do you 
think this kind of service should go there?

Dr. Solandt: I think the National Research 
Council could run it very well. They have a 
good science library.

The Chairman: If the National Research 
Council does this, then Health and Welfare is 
doing it at the moment too, everybody is 
involved in general scientific and technologi
cal information.

Dr. Solandt: Oh yes, but what I meant was 
that if you had a minister for science policy 
he and his staff would work out the best way 
of organizing a national information centre, 
and then they would see that the necessary 
organization was established, budget allocated 
and so on, but they would not themselves 
continue to run it, because if they did the 
national information centre would start to get 
all the money and there would be no money 
going to other things.

The Chairman: Why?

Dr. Solandt: Because it was run by that 
department. This is what has happened in 
every place where they have set up a minis
ter for science policy. In France, for instance, 
the minister was the delegate general; he was 
concerned with science policy, advising the 
prime minister directly; then he was given 
responsibility for space and atomic research; 
all the other work, such as the universities, 
was still in the Department of Education, so 
he ceased to be a general adviser to the gov
ernment on science and became just the 
adviser on science and space. In effect, they 
destroyed the organization they had set up by 
giving it responsibility for operating one part 
of the scientific activity of the government.

The Chairman: But how could you central
ize this information service in one place? If

you give it to the National Research Council, 
what about covering also the social sciences?

Dr. Solandt: We have the example of the 
Dominion Bureau of Statistics. It centralizes 
statistics for everybody. There is no reason 
why you could not have a similar agency for 
information.

The Chairman: Which would not be
attached to any research agency?

Dr. Solandt: I agree.

The Chairman: Otherwise, if this argument 
is true, the information would tend to be 
biased towards the activities of the National 
Research Council.

Dr. Solandt: I agree.

The Chairman: They would neglect other 
fields, and if you have a central organization 
which is more or less above or apart from the 
different research agencies to whom this new 
agency on information is responsible you 
come back to the original question.

Senator Grosart: Are not we really saying 
that we may need a minister for science poli
cy whose responsibility will be to see that 
there is a national science policy?

Dr. Solandt: Yes.

Senator Grosart: And that the operations of 
the departments in this area are related 
directly to the national policy?

Dr. Solandt: Yes.

Senator Grosart: That is really what we are
saying, is it not?

Dr. Solandt: Yes.

The Chairman: Plus the usual services 
required by a science policy, such as informa
tion, for instance?

Dr. Solandt: Yes.

Senator Grosart: My point is that if you 
place this responsibility on a minister it is up 
to him to find out how he discharges that 
responsibility.

Dr. Solandt: Yes, he could operate an infor
mation agency which was widespread over 
the whole area of science without prejudicing 
his position.

Senator Grosart: He would be a sort of 
glorified science policy auditor general.
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Dr. Solandi: This might make eminent 
sense.

Senator Grosart: Who would hopefully be 
listened to a little more than the Auditor 
General is.

The Chairman: We are on section 7 and I 
think we have to move on rather quickly. 
You are recommending, for instance, a major 
program in the field of transportation. How 
would you go about setting up the organiza
tion or agency, and what kind of co-ordina
tion would there be?

Dr. Solandt: I must confess that we have 
been making heavy weather of getting action 
in this field, but we visualize that the first 
step is to examine very broadly, and fairly 
superficially, the transportation needs of 
Canada, which are very diverse, and then try 
to identify within those needs the areas in 
which it is most important to do research in 
Canada. These will be either areas that are 
peculiarly important to Canada or especially, 
areas where problems are so different from 
other nations that if we do not solve them 
ourselves they will not be solved. Then we 
would recommend a program to attack prob
lems in this chosen area.

In this field, depending on which area is 
chosen, I would not envisage the need to set 
up a new department or a new mechanism. It 
might merely be suggested to the Department 
of Transport that they should concentrate 
effort in particular areas. For example, we 
have the problems of urban transportation, 
the problems of long distance transportation, 
of both goods and passengers by air, rail and 
pipeline; we have the problems of northern 
transportation. The question is to decide 
which of these is most important and what 
balance we should have between them.

The Chairman: So it was merely a kind of 
general proposal without any serious study of 
the proposal itself at this stage?

Dr. Solandt: Yes, that is right, merely say
ing this is an area which is of special impor
tance to Canada but we do not yet know the 
specific sub-areas within this broad general 
problem to which we would recommend 
attention.

The Chairman: Yet we have within the fed
eral Government several agencies which are 
involved in research on transportation prob
lems. We have the C.N.R., the Department of

Transport, the NRC and the new transporta
tion commission which has as one of its spe
cific functions, research on transportation. We 
therefore have several agencies dealing with 
research and transportation. Apparently they 
have not done a very good job.

Senator Grosart: Is that not a large part of 
the problem?

Mr. Solandt: No one has yet done a study 
of the Canadian transportation system as a 
whole.

The Chairman: It is not the lack of royal 
commissions.

Dr. Solandi: If you look at what the royal 
commissions did—-I was intimately associated 
with the last one because I was with the 
C.N.R. at that time. They were looking at 
really quite narrow specific problems. They 
started by accepting the existing system and 
saying, “How can we improve it?” I think one 
of our first things is to back off a little and 
say, what are Canada’s transportation prob
lems and if we were starting over again what 
kind of a system would we have. For 
instance, what balance should we have 
between road and rail and pipe lines and air 
lines. This is the first broad problem and 
within that we come to things like the grain 
transportation system. This clearly is not the 
best possible system, using modern technolo
gy. What can we do to improve it. Some 
studies are starting on this. Some of the west
ern universities are working on it, such as 
British Columbia, and the University of 
Alberta in Edmonton, but it is a little like the 
space problem except here there is much 
more of it and it is going on in many places. 
No one has looked at it as a whole to see 
whether the pattern of emphasis in our 
research is related to our needs or not.

The Chairman: Do you know if there is any 
research being done, for instance, on the 
Hovercraft?

Dr. Solandt: I think there has been no 
research. There has been testing and evalua
tion to see whether it is applicable and useful.

The Chairman: Because if Arthur Clark is 
right, we may not need roads very much.

Senator Belisle: Was this not what was 
envisioned or proposed when the new trans
port commission was formed with Mr. Pick- 
ersgill as the chairman?
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The Chairman: As I said before, they have 
a specific function to do research in the field 
of transportation, but it seems to me that this 
is just adding another research agency in that 
field because I do not think they are taking 
away any of the research responsibilities 
which already belong to the Department of 
Transport or to Public Works or the C.N.R.

Dr. Solandt: We have been in close touch 
with Mr. Cope who is the commissioner re
sponsible for research and so far their inter
ests have mainly been in economic research 
and costing, particularly in relationship to 
rail transportation, so they have not yet 
tackled the broad problem I am talking of 
and they would welcome the broad study that 
the Science Council proposes to undertake.

Senator Belisle: If my memory serves me 
right, Mr. Chairman, I recall reading the 
speech by the minister in the House of Com
mons when this was proposed. The new board 
of commissioners was proposed and he said a 
study had been made and it was the intent of 
the commissioners to act on the studies that 
had been made or implement the studies 
regarding transportation.

Dr. Solandt: I do not recall the speech, but 
he was probably referring to studies on rail 
transportation, the implementation of which 
had been delayed many years awaiting for
mation of the transportation commission.

The Chairman: In any case, Mr. Pickersgill 
will be before us on Thursday, December 19.

Senator Grosart: In regard to one of your 
other major recommendations, in the pollu
tion field, particularly water pollution, do we 
not have the same kind of multiplicity of 
entities with partial responsibilities? I count
ed 28 different agencies, on one day, involved 
in water pollution, between which there 
appeared to be very very little co-ordination, 
taking the federal, provincial and municipal 
levels, and then the different approaches, the 
nuclear problem, the sewage problem, the 
offshore problem in regard to ships and so on. 
All I could bring out of a brief study of this 
was a great argument going on between the 
federal and the provincial authorities as to 
who had jurisdiction.

Dr. Solandt: When we started our study of 
water resources, as I remember, we discov
ered the names of, I think, 228 committees 
dealing with water problems. It really is one

of the most complicated and difficult areas.
We are hopeful that, having backed this Cen
tral Co-Ordinating Committee which I am 
sure has good relations with the provinces at 
the technical level, that they will begin to 
take charge, so to speak, and simplify the 
mechanism of elimination of a great many 
committees as being unnecessary.

Senator Grosart: As I read the evidence of 
the Deputy Minister of Energy, Mines and 
Resources, he did say they had very good < 

relations at the technical level, but I got the 
impression that they had very poor relations 
at the inter-Government level.

Dr. Solandt: I really do not know the facts 
there. I know that this is an area in which the 
provinces are beginning to get together quite 
effectively through the Conference of 
Resource Ministers. And I know that the fed
eral department, at the official level, is in 
very close touch with its counterparts in the 
provinces. I do not know about the political 
level.

Senator Grosart: What I am trying to get at 
is the description of the kind—your phrase 
was “the kind of system of organization and 
co-ordination”. “The kind of system”—what 
would it look like, that could do this job? You 
said you discovered 228 entities in this. How 
could they be got together?

Dr. Solandt: We have passed the responsi
bility for solving that headache on to the 
Department of Energy, Mines and Resources.
I believe they are getting on quite well with 
it. You might be interested in getting either 
the Deputy Minister or the associate Deputy 
Minister responsible, to come and talk about 
it, because we have got progress reports from 
them from time to time and I think they are 
making headway in a very complicated 
situation.

The Chairman: They will be before us on 
Thursday, December 5.

Senator Grosart: I was under the impres
sion, from reading the proceedings of the 
Commons committee, that they were not 
making progress—or, let me put it this way, 
that they were making progress, but the 
problems ahead are monumental—yet this is 
an area in which Canadians are very much 
concerned.

Dr. Solandt: Like so many scientific prob
lems, this is a problem in political structure
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rather than in scientific structure. Here we 
have all three levels of government involved 
and the tremendous complexity comes from 
the fact that you have not only the federal 
and provincial governments but many 
municipal governments and then many con
servation authorities and others.

Dr. McTaggarl-Cowan: To add to that, the 
International Joint Commission comes into it 
and agencies in the United States, because in 
both the field of water and that of atmospher
ic pollution, neither of these media are re
specters of the international boundary. There 
was a somewhat humorous situation a few 
years ago in regard to co-ordination at the 
scientific level. Our research ships had full 
permission to use American harbours in deal
ing with the Great Lakes, and the American 
research ships were invited officially by 
Canada to use Canadian harbours when con
venient. But the United States Government 
did not give them permission to use Canadian 
harbours. It took about eight months of care
ful negotiation with nobody disagreeing, 
before the research could be properly 
co-ordinated.

At present, I think the realization of the 
problem is becoming more widespread, and it 
is part of the philosophy of the major pro
gram to provide a focus for public attention, 
because if the public become concerned 
enough about it, then the environment to 
resolve these other problems is a much happi
er one, and this is taking place, I think, in 
the field of pollution.

Senator Grosari: The problem which con
cerns most Canadians is that the progress of 
pollution is out-stripping the progress of 
control or co-ordination, or whatever you like 
to call it. How do we catch up with pollution?

Dr. McTaggarl-Cowan: If I could take it a 
step further, I think this is really behind the 
emphasis placed in the Science Council 
Report on the major program. The major pro
gram is identified to bring political, public 
and scientific community emphasis on an area 
that we feel is getting out of hand.

Senator Grosart: That was the reason I 
raised it.

Dr. McTaggarl-Cowan: A role of the 
Science Council is to recommend mechanisms 
whereby at least the scientific aspects can be 
co-ordinated and brought in juxtaposition 
with the political and social, so that hopefully

the agencies identified can then move to get 
the money and the mechanism.

Senator Grosart: And here again you sug
gest a national advisory committee. That is 
what worries me.

Dr. Solandt: It is advisory to the minister 
and the minister has the executive authority.

Senator Grosart: But it is “to provide con
tinuing advice, to assist in co-ordination, to 
review and make recommendations”. Yet we 
had these 228 bodies all doing that. What 
good will another one do, if it is not a control 
one?

Dr. Solandt: It hopefully will control a 
great part of the money that is going into 
this. In the water report, we did specify— 
advise the minister on the expenditure of an 
identifiable budget which would be set aside 
for this purpose—and the agency which con
trols the money usually is the one which gets 
results.

Senator Grosart: This brings us back to the 
audit concept. Is this how the Americans 
work so effectively in some areas, where the 
programs come before a financial committee 
or subcommittee of Congress, which grants the 
funds? The fund granting committee of Con
gress in many cases seems to have the au
thority to control the programs or at least to 
give them the go ahead, or refuse it.

Dr. Solandt: This is the committee which 
authorizes the funds, not the appropriation 
committee. There are two stages.

Senator Grosart: We have nothing like that 
in our system.

Dr. Solandt: No.

Senator Robichaud: Dr. Solandt, on page 44 
of your fourth report you deal with scientific 
and technological aid to developing areas. 
Now, while the report recognizes that Canada 
has its own problems of regional develop
ment, it is stated that Canada has much to 
offer to the less developed countries. It also 
states that in the field of foreign aid Canada 
has particular reasons for enlarging its activi
ties and for bringing research and develop
ment to bear to improve their efficacy.

Despite the desirability and necessity for 
foreign aid, is it not more important for 
Canada to deal with the problems of regional 
development at home. It seems to me that 
there are many areas where we should direct
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our efforts in trying to cure our own 
problems.

The reason I ask this question is that we 
now have under way major programs, under 
ARDA and FRED, to try to cure the problems 
that exist in underdeveloped areas in our own 
country. It seems to me that there is a lack of 
co-operation or understanding or there is a 
lack of practical means for curing these prob
lems. To what is this due? Is it due to the 
fact that we rely too much on local recom
mendations? I know we have local commit
tees organized to make recommendations, but 
when you look at their recommendations, 
even supposing they were implemented, you 
ask yourself just what the results would be.

To what extent is the Science Council 
interested in getting together different agen
cies in order to make recommendations that 
would bring in effective measures to cure the 
problems in those areas?

Dr. Solandl: As I understand it, you have 
really asked two questions. The first question 
is whether we should be spending money for 
foreign aid while we still have problems at 
home.

Senator Robichaud: Right.

Dr. Solandt: To my mind the answer to 
that is very simple. Yes, we must spend some 
money for foreign aid, because, as one of the 
very wealthiest countries in the world, if we 
cannot afford to help the underdeveloped 
countries, who can? If the underdeveloped 
countries are not helped, I think we are going 
to have world turmoil and revolution and all 
we do to perfect our way of life in Canada is 
going to be lost—not in our time, but in our 
children’s time.

I think we must do both these things. Of 
this I am firmly convinced.

So far as bringing science to bear on area 
development problems within Canada, the 
Science Council has not yet looked at this 
problem specifically. We have not looked at it 
not because we think it is unimportant but 
because we think on the whole it is getting 
good, active attention. The problems of area 
development are among the most difficult 
human problems that anyone has tried to 
tackle. Obviously, we have not found ideal 
answers in Canada, but I do not think anyone 
else has either. I think we are doing as well 
as any other country in finding solutions.

Certainly, this is an area where we should 
spend a lot of time and effort, and it is get
ting good attention. I do not think the Science 
Council needs to call attention to it.

The Chairman: It being a quarter to one, it 
might be appropriate for us to adjourn. I 
want to thank Dr. Solandt and his colleagues 
for being here with us again. I am sure this is 
not the last time we will see you, Dr. Solandt.

Dr. Solandt: I could also say a word of 
thanks to you. I think the committee is doing 
an important and excellent job. Personally, I 
find the discussions here very profitable 
because the questions that are asked are 
important and relevant and cause us to think 
seriously about many of the problems we 
encounter. I regard this as a very valuable 
session from our point of view. Thank you 
very much.

The committee adjourned.
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ORDERS OF REFERENCE

Extract from the Minutes of the Proceedings of the Senate, Tuesday 
September 17th, 1968:

“The Honourable Senator Lamontagne, P.C., moved, seconded by 
the Honourable Senator Benidickson, P.C.:

That a Special Committee of the Senate be appointed to consider 
and report on the science policy of the Federal Government with the 
object of appraising its priorities, its budget and its efficiency in the 
light of the experience of other industrialized countries and of the 
requirements of the new scientific age and, without restricting the gen
erality of the foregoing, to inquire into and report upon the following:

(a) recent trends in research and development expenditures in 
Canada as compared with those in other industrialized countries;

(b) research and development activities carried out by the 
Federal Government in the fields of physical, life and human 
sciences;

(c) federal assistance to research and development activities 
carried out by individuals, universities, industry and other groups 
in the three scientific fields mentioned above; and

(d) the broad principles, the long-term financial requirements 
and the structural organization of a dynamic and efficient science 
policy for Canada.

That the Committee have power to engage the services of such 
counsel, staff and technical advisers as may be necessary for the purpose 
of the inquiry;

That the Committee have power to send for persons, papers and 
records, to examine witnesses, to report from time to time, to print such 
papers and evidence from day to day as may be ordered by the Com
mittee, to sit during sittings and adjournments of the Senate, and to 
adjourn from place to place;

That the papers and evidence received and taken on the subject 
in the preceding session be referred to the Committee; and

That the Committee be composed of the Honourable Senators Aird, 
Argue, Bélisle, Bourget, Cameron, Desruisseaux, Grosart, Hays, Kinnear, 
Lamontagne, Lang, Leonard, MacKenzie, O’Leary (Carleton), Phillips 
(Prince), Sullivan, Thompson and Yuzyk.

After debate, and—
The question being put on the motion, it was—
Resolved in the affirmative.”
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Honourable Senator Benidickson, P.C.:
That the name of the Honourable Senator Robichaud be substituted 

for that of the Honourable Senator Argue on the list of Senators serving 
on the Special Committee on Science Policy.

The question being put on the motion, it was—
Resolved in the affirmative.”

ROBERT FORTIER,
Clerk of the Senate.
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MINUTES OF PROCEEDINGS

Wednesday, November 27th, 1968.
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Policy met this day at 10.00 a.m.

Present: The Honourable Senators Lamontagne (Chairman), Grosart, 
Kinnear, Robichaud, Thompson and Yuzyk. (6)

Present but not of the Committee: The Honourable Senators Connolly 
(Ottawa West), Giguère and McGrand. (3)

In attendance:
Philip Pocock, Director of Research (Physical Science).

Mr. Gerard Bell, O.E.C.D. Secretariat.

The following witnesses were heard:
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Dr. Saburo Okita, Examiner, President of the Japan Economic Research 
Centre;

Pierre Piganiol, Examiner, Manager of the St. Gobain Chemical Company 
(France) ; and

Dr. Alexander King, Director for Scientific Affairs.

(A curriculum vitae of each witness follows these Minutes.)

At 12.25 the Committee adjourned to the call of the Chairman.

ATTEST:
Patrick J. Savoie,

Clerk of the Committee.
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THE SENATE
SPECIAL COMMITTEE ON SCIENCE POLICY 

EVIDENCE

Ottawa, Wednesday, November 27, 1968

The Special Committee on Science Policy 
resumed this day at 10.00 a.m.

Senator Maurice Lamontagne (Chairman) 
in the Chair.

The Chairman: Honourable senators, as you 
know, OECD is now making a study of Cana
da’s scientific effort and science policy, and 
we are fortunate this morning to be able to 
receive two Examiners who will have a lot to 
say, I presume, in delivering the report on 
our country.

The biographies of these two gentlemen 
have already been circulated. I would only 
like to say at this stage that Dr. Okita from 
Japan is one of the Examiners, and he is also 
President of the Japan Economic Research 
Centre.

[Translation]
I should like to introduce to the members 

of the Committee Mr. Piganiol, seated to my 
left, who has now returned to private in
dustry, to his old loves, at Saint-Gobain, but 
who has been involved all his life in science 
policy and scientific endeavours. A few years 
ago, he was a general delegate to the Recher
che scientifique et technique (Scientific and 
Technical Research) in France. I believe he 
also collaborated actively with OECD and 
Dr. King. He was even one of the Examiners 
when OECD made a study on science policy 
in Japan. In other words, we may possibly 
hear France’s views on the situation in Japan.

[Text]
Senator Grosart: Well said.

The Chairman: I wish also to welcome Dr. 
King, who has previously appeared before the 
Committee. He is one of two men who 
appeared before our Committee when it was 
legally “dead” as a result of dissolution last 
spring.

I would also like to indicate that Mr. 
Gerard Bell of the Secretariat of OECD is 
also with us.

Without further comment, I would like first 
to invite Dr. Okita to make an opening state
ment. Then I will ask Mr. Piganiol to follow; 
then we will have the usual discussion period.

Dr. Saburo Okita (President, Japan Eco
nomic Research Center, Examiner, Organiza
tion for Economic Co-operation and Develop
ment): Mr. Chairman, this is a very honoured 
occasion for me to speak before this distin
guished gathering.

Mr. Chairman, you have introduced us as 
Examiners on this OECD mission here. My 
capacity and background as a member of this 
team is as an economist rather than a scien
tist, but actually I have some engineering 
science background and training with the 
engineering faculty during my period at uni
versity. I was also in charge of economic plan
ning of the Japanese Government for several 
years, and in that capacity, and even since 
that time, I have been involved in various 
aspects of the science policy of the Japanese 
Government.

As a matter of fact, my colleague Mr. 
Piganiol was one of the OECD Examiners of 
Japan’s science policy some two years ago, 
the report of which is produced here; and I 
was saying to him that he could have spoken 
on my behalf without my presentation.

However, I feel I should give you the 
somewhat more recent developments in our 
science policy, which might be of some 
interest to you.

One of the things I have particularly no
ticed after visiting various institutions in 
Canada is the difference between the science 
policy of Canada and of Japan. In one of its 
aspects, it is my feeling that in Japan we 
emphasize very much the research undertak
en by industries, and we feel that we are
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somewhat neglecting basic, fundamental 
research in universities and in government 
laboratories. The OECD report on Japan has 
already indicated that aspect. In contrast to 
the general character of our science and 
research activities, here in Canada we feel 
that your emphasis is more on basic, funda
mental research, and that a very large part of 
such basic research is undertaken by govern
ment laboratories. Furthermore, you have 
excellent measures to foster and encourage 
research activities in universities. We are 
very much impressed by the very rapid 
progress and expansion in the research activi
ties in universities.

In a sense, Japan is more oriented towards 
the application side of science and technolo
gy; partly because we are one of the late
comers in the world economy, importing 
foreign know-how and techniques into our 
country so as to modify and adjust to local 
conditions and to try to produce goods to be 
exported to foreign markets.

This has been one of the basic characteris
tics of our science and research policy, and so 
far, economically, this has been a rather 
effective measure; because, without having 
rather heavy expenditures on basic research, 
we have made use of the results of research 
being undertaken in other advanced 
countries.

Recently, however, as per capita income 
has been going up and as wage levels have 
been getting higher and higher, we realized 
the importance of depending more and more 
on engineering research activities. Unless you 
have a high level of scientific engineering 
research, you will not get the importation of 
foreign technology on equal terms. We shall 
depend more and more on the exchange of 
science and technology on an equal footing; 
and for that purpose we feel it is very neces
sary to encourage research activities not only 
in the application field but also in basic, fun
damental research.

We have rather detailed statistics on the 
import and export of technology. Last year, 
1967, for the fiscal period which runs from 
April to March, according to recent statistics 
announced by the Government, we had some 
U.S. $240 million of payments for imports of 
technology, and some U.S. $27 million of 
exports of technology. This ratio between 
payment for importing foreign technology and 
foreign exchange earned by exporting Japa
nese technology, was rising year after year.

Some ten years ago the ratio was about 100 to 
one, and we depended very heavily on 
imported technology; but last year the figure 
was 10.9 per cent, or around 11 per cent, so 
that of the payment for the import of tech
nology we earned about 11 per cent by 
exporting Japanese technology to foreign 
countries.

As to total expenditures compared with 
G.N.P., last year research expenditure was 1.3 
per cent, and about 1.6 per cent of national 
income. Our target is to run about 2.5 per 
cent of national income for the total expendi
ture on research, although the date has not 
been given, partly because the Minister of 
Finance does not accept the definite figure 
and date because they feel this binds their 
budget preparation too much.

Last year if we add the cost of importing 
foreign technology, the percentage will rise to 
1.46 per cent of GNP. The domestic expendi
ture for research is 1.3 per cent of GNP, but 
in addition there is the payment for foreign 
technology, and if we combine both this will 
be about 1.46 per cent of the GNP.

Recently we have been discussing very 
much the planning of science and technologi
cal research. We have been having these eco
nomic plans for the past ten or fifteen years. I 
myself have been very much involved in the 
process and the preparation of economic 
plans for our Government in connection with 
the necessity and importance of setting up 
scientific and engineering research activities.

Also, partly because of the expanding size 
of research activities in the so-called “big” 
sciences, the expenditure of the Government 
for encouraging and expanding such research 
activities must be looked at from a somewhat 
longer range point of view, and must be 
looked at from the point of view of national 
needs. There must also be some balance 
between those expenditures and other items 
of Government spending.

There is a new Bill being prepared by 
the Government to be submitted to the next 
Diet session that is fundamental law for 
science and technology advancement. This 
Bill was presented to the Diet during the last 
session but was not then approved, and it was 
carried over to the next session. The Govern
ment expects that in the next session this 
fundamental law will be approved by the
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Diet. In preparation for that, the Science and 
Technology Agency set up an advisory com
mittee to discuss the nature of the science 
plans to be produced in accordance with the 
proposed new legislation.

I was one of the members of this advisory 
committee. We discussed in some detail the 
nature of science planning in Japan. Broadly 
speaking, there are three major fields of 
science and technology activities. One is the 
direct, government field, the research done 
by the government institutions. The second 
field is the research being undertaken by uni
versities. The third is research undertaken by 
industries.

We feel that in this government sector of 
research we need somewhat more detailed 
planning, because this field is directly related 
to government activities and sometimes this 
field involves so much of the “big” sciences.

Secondly, for universities there are rather 
delicate issues in Japan, partly because we 
have a long-established, separate Ministry of 
Education which deals with university affairs, 
including research activities undertaken by 
university laboratories.

The Science and Technology Agency is a 
relatively new institution which was estab
lished some ten years ago. The Ministry of 
Education insists that the research activities 
planned in universities should be outside of 
the Science and Technology Agency. This is 
the sort of inter-ministerial problem which 
every government may face.

Another related problem is the distinction 
between the natural sciences and social 
sciences. Social scientists are very sensitive 
about any type of planning which is done by 
government; so, for the time being, in this 
new legislation, the social science aspect is 
excluded from the scope of planning. This is 
mainly for political reasons. Social scientists 
are very much afraid of direct government 
intervention in any form. On the other hand, 
we feel that the borderline between the social 
sciences and natural sciences is getting more 
and more obscure, and that we may need 
some measures to bridge those two fields.

Recently we had a case of the relationship 
in connection with the U.S.-Japan Science 
Council. There was a proposal from the U.S. 
Committee to take up input-output table 
study jointly between Japan and United 
States. There was also another proposal, to

include in that joint science committee the 
problem of urban development.

Those two items were the concern of a 
Japanese committee outside of the science 
committee, because they belonged to the 
social science field; but after some lengthy 
discussions stretching over three years, we 
decided to include this boundary field of in
output analysis and urban development issues 
which have a close relationship with natural 
science programs. There are many more as
pects we should discuss.

Just one additional point. We have a 
Science Council, and this Japan Science 
Council is an elected body. There is another 
science policy deliberation advisory council 
attached to the Minister of Education. There 
is another advisory council attached to the 
Science and Technology Agency. These three 
councils have somewhat different functions; 
partly because of this distinction between the 
humanities or social sciences and the natural 
sciences; also the distinction between univer
sity research and research outside of universi
ties. Some of this background is given in this 
OECD report, so I shall not dwell on this 
point.

This much, Mr. Chairman, I should like to 
present to your Committee.

The Chairman: Thank you very much, Dr. 
Okita. Maintenant, Mr. Piganiol.

[Translation]
Mr. Pierre Piganiol, scientific adviser to the 

Compagnie de Saint-Gobain; formerly 
délégué général to the Recherche scientifique 
et technique (Scientific and Technical 
Research) in France; Examiner for Organiza
tion for Economic Co-operation and Develop
ment: Mr. Chairman, honourable senators, I 
shall probably not do justice to the honour 
you have given me in inviting me here, for 
the issues in France are no longer fresh in my 
mind.

Senator Lamontagne: They change quickly.

Mr. Piganiol: They change quickly, and 
besides, when I visit a country for OECD, I 
tend to forget about my usual environment 
and try to live in that new country as if it 
were my own. The kindness, co-operativeness 
and dependability of all we have met have 
certainly made me feel at home in Canada. I 
am feeling rather like an adopted Canadian
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for these few days, and it may be a little 
difficult to become a French government 
official again for a few minutes.

I shall try to be brief and shall simply 
draw your attention to a few difficulties 
which you may have come across in Canada: 
the problem of the universities, the problem 
of government, and two special problems: 
agricultural planning and industrial develop
ment.

First, the university problem. In 1958, there 
was very little national research activity car
ried out; it absorbed a total of only 0.6 of 
the gross national product. It was absolutely 
necessary for the government to step in, but 
we knew that this idea would be ill received 
in intellectual circles. The only reasonable 
solution was to quickly provide the necessary 
funds so that the universities could conduct 
their own research quite freely, with sufficient 
means. This is what we did, and in three 
years we have increased tenfold the amounts 
of grants offered to the universities without 
conditions of any kind.

At the same time there was an agency in 
France which had existed, for historical rea
sons, since about 1936; it had a number of 
names but was finally called the Centre 
national de recherche scientifique (National 
Scientific Research Centre). The purpose of 
this agency was twofold: first, to help the 
universities by means of supplementary grants 
ts (the CNRS distributes grants to universi
ties; it is a supplementary but selective oper
ation); secondly, to direct those of its own 
laboratories which are involved in important 
scientific problems. It appeared that the 
CNRS could be the basic tool of a consistent 
science policy in the area of basic science, 
which I might call the policy of the scientists 
themselves. Indeed, though they are not 
always aware of the fact, scientists obey cer
tain fundamental laws—the laws of the pur
suit of knowledge. They are not sure what 
these laws are. We must help scientists to 
formulate them, demand that they formulate 
them, demand that they clarify in their minds 
what may result in a considerable improve
ment in the methods of carrying out disin
terested intellectual endeavours.

The CNRS was authorized by law to pub
lish a regular report on the scientific situa
tion, an analysis of programs they felt it 
advisable to adopt, and hopefully, an analysis 
of inter-action between the results obtained in

the various fields. This part of CNRS’ work is 
carried out by a fairly large number of com
missions—thirty-two—which deal with the 
pure sciences and the social sciences. More
over, we were pleased to see that the CNRS, 
acting on its own initiative, set up a wide 
variety of agencies, complementing one 
another; developed the concept of co-opera
tive research in programs being carried out 
by several scientists or several laboratories; 
and developed the concept of a team, or 
associated laboratories, in the universities.

In short, generally speaking, we may say 
that this system corresponds to a very reason
able, very worthwhile program of basic 
science development. However, the CNRS has 
run into an administration problem. These 
commissions are set up in a very particular 
way. Half the members are elected by the 
scientists themselves, one quarter are 
appointed by the National Education Minis
ter, which to some extent makes up a possible 
deficiency in this election system, by seeing 
that eminent university figures are not left 
out, and the last quarter are appointed by the 
Prime Minister, who draws them from other 
ministries—the Ministries of Armies, Industry 
and Agriculture—with the result that each 
commission is to some degree exposed to the 
outside world. Generally speaking, this sys
tem works well, but I am prepared to analyze 
with you a little later on the few defects 
which obviously must exist in any system.

Let us now leave the matter of universities 
and go on to the government. It was neces
sary to co-ordinate, and probably, especially 
at the beginning, to plead the cause of scien
tific research to the government and the Min
ister of Finance. Indeed, if there is no co
ordinating agency, the government and the 
Minister of Finance may have the impression 
that money is being spent through a great 
number of channels, for a wide variety of 
causes, but that there is no general, unifying 
policy. This is a quite legitimate complaint on 
the part of the government, but it need not 
always be as well-founded as one might 
think. In fact, a country’s scientific efforts are 
always guided by much sounder principles 
than is generally believed.

Therefore, one of the tasks of a government 
agency in charge of scientific research and 
development is to take an inventory, to pre
sent it in a systematic, coherent, organized 
fashion, to show the results of such-and-such 
a project, and the consequences of such-and-
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such a failure. This was the task of the gener
al delegation to scientific and technical 
research which I believe was therefore better 
able to plead the cause of scientific research 
in the country to the various ministries. This 
delegation immediately encountered difficul
ties. Except in the case of the Ministry of 
National Education, the ministries have 
urgent problems to solve. Scientific research 
is always somewhat hampered by the fact 
that the Ministry of Agriculture, for example, 
must maintain a consistent agricultural poli
cy, which places the Institut national de la 
recherche agronomique (National Farm Re
search Institute) at a disadvantage, and so on. 
Therefore, the so-called “envelope” procedure 
was adopted, according to which all research 
budgets of all ministries are grouped togeth
er, discussed together, adjusted, geared to the 
highest government level, then redistributed 
among the various ministries, which are still 
responsible for carrying out the projects. This 
general delegation to scientific research must 
therefore be situated at the highest level of 
government. Its representative to the Prime 
Minister is in the person of a federal minister 
in charge of scientific and technical research 
and atomic and space affairs; it serves as a 
secretariat to an interministerial committee 
which groups together all ministries involved 
with science. It is assisted by a council made 
up of twelve eminent scientists, chosen from a 
wide variety of fields, including industry. 
These twelve scientists sit with the ministers, 
and are entitled to speak and vote at meet
ings of the interministerial committee.

Here, then, is the general plan: a scientific 
authority working closely with the Prime Min
ister, a strong secretariat and the delegation 
preparing reports, cases and budgets, and 
proposing various measures to the govern
ment. We shall now briefly discuss one of 
these proposed measures, that of co-ordination.

A moment ago I spoke in support of a 
country’s spontaneous science policy. I should 
now emphasize that this spontaneous policy 
may nevertheless be incomplete. Thus, France 
has not dealt with genetics for forty years. 
Within two fields, physics and chemistry, 
there are certain areas left untouched; physi
cal chemistry was not developed in France 
until after the last war. In short, there must 
be a control agency which may intervene 
quite directly in emergency situations, if need 
be. The co-ordination process consists in 
choosing topics of national interest and set

ting up a plan for studying them, a plan 
which binds various university, government 
or industrial laboratories by contract to col
laborate. These co-ordinated projects must 
not take over five years. At the end of five 
years, either the problem is solved or it 
becomes a permanent problem of the modern 
world, permanent in the sense that it will 
take at least 15 to 20 years to solve. In this 
case it must become the responsibility either 
of a country’s regular scientific research agen
cies or of new agencies which must be set up 
for the purpose. I shall give you two examp
les. In France, medicine, chemistry, physics 
and biology were at one time only loosely 
related. In order to study an important field 
of modern science, molecular biology, it was 
necessary to have scientists in these various 
fields collaborate. A large-scale co-operative 
effort was undertaken, but has now been 
abandoned, for it now seems that this co
operation among doctors, chemists, physicists 
and biologists has been largely achieved.

Another important area is oceanography. A 
committee was set up to promote co-operation 
among all the laboratories in France which 
dealt with oceanography. After five years it 
seems that the project is well underway, but 
it is not enough to gain for France an honour
able position in the field of oceanography. 
This is a permanent problem for a country 
bordering on the ocean, and the co-operative 
committee is being converted into a govern
ment agency, the Centre national de l’exploi
tation des océans (National Ocean Develop
ment Centre), which is now in existence and 
which sets up its own programs. A similar 
effort has also been carried out in the field of 
space research.

Very briefly, these are two particular cases 
which may draw our attention to problems 
with which Canada is also involved. The 
other cases I mentioned were relevant to 
Canada as well. I should just like to draw 
your attention to one fact: I am not certain 
whether these solutions will be accepted 
unconditionally by a federal government, 
especially a government which seems to be on 
extremely good terms with the universities, 
that is, which seems to have a highly devel
oped natural tendency toward co-operation 
with them. But surely some solution can be 
found for Canada.

The first example I shall give is agricul
ture. Certainly, if we did not have this system 
of delegating certain powers in the field of



1288 Special Committee

research, then research in agriculture within 
the ministry itself would serve only to resolve 
short-term problems rather than foresee and 
resolve in advance agricultural problems. 
There is a very important idea here. If the 
economy is planned, or simply if agriculture 
is directed, let us say, by a ministry, what we 
would have is a relatively short-term policy. 
The policy would take into account estab
lished scientific results but could not, for 
very good reason, take into account the possi
ble results we might hope to obtain in 
science.

In other words, an agricultural and indus
trial plan will cover a given period of time, 
let us say the next 5 years; however, the 
scientific work which will be done during 
these 5 years will influence the next plan or 
even the one after that. There is therefore a 
time gap which makes it necessary for us to 
set up different bodies for scientific planning 
and for economic planning or, if you feel the 
word “planning” is too strong, simply for eco
nomic orientation and choice and scientific 
orientation and choice. In this regard, the fact 
that we have been able to provide some lee
way in our farm research methods when we 
are dealing with immediate problems has 
enabled us to view problems such as the bal
ance between milk and meat, grain and feeds, 
animals, and so on, from a much broader and 
longer-range point of view.

As regards industry, the situation is much 
the same. However, in a liberal economy 
which nevertheless does include nationalized 
industries, it is difficult to bring action to 
bear on industry. Now our industries, in cer
tain cases, have shown a reluctance towards 
innovation. On the other hand, we must 
recognize the fact in the modern world there 
are a number of conditions which are hardly 
favourable to industrial development. I am 
thinking of the position of France which in 
volume, in size, in national income is a rela
tively small country and where, consequently, 
the manufacturer about to launch into new 
fields would run serious risks as the market 
for certain peak technologies is a very diffi
cult one. A system must therefore be found 
whereby industry could run considerable but 
not excessive risks. I think we might safely 
say that an industry launching into a new 
field in the United States incurs much fewer 
risks than an industry embarking on some 
innovation in Europe. It might even be said 
that there is a market in the United States for

any gadget that might be invented. The mar
ket may disappear at the end of a year when 
the worth of the gadget has been tested, but 
at least some new venture was possible.

America is very receptive. France with its 
national income level is not very receptive. In 
certain cases, the risks assumed by manufac
turers are very heavy. The government there
fore intervenes in cases where the stakes are 
high either through subsidies, conditions 
which are not favoured greatly but which are 
nevertheless practised in certain cases, or 
through loans to be paid back only if success 
is assured. This is apparently a workable for
mula which at the present time provides a 
certain impetus to operations such as the tur
botrain, certainly an important means of 
transportation for the future.

Senator Lamontagne: Are these loans com
pletely repayable?

Mr. Piganiol: Generally part of the loan is 
given in the form of a subsidy but only a 
very small part. In a specific example I know 
of, a free-piston motor, the non repayable 
portion of the loan was very small, approxi
mately $40,000; the refundable portion, in the 
event of success, was 4 to 5 times greater. I 
know of cases in which a part of the loan is 
refundable only in the event of success. The 
deciding factor here has much to do with 
national interest and the nature of the risks.

This leads us to a final point. In the great 
technological, space and military adventure 
we are involved in today—tomorrow it will 
probably be oceanographic—innovation is a 
primary tool. A great technological adventure 
in a country of 50 million inhabitants is often, 
on first thought, a difficult matter to consider.

Very recently, however, we have come to 
realize that it is not simply the great techno
logical adventure involving big science which 
is impelling industry onward but other, sim
pler problems, perhaps more difficult to 
resolve, such as pollution of our air and town 
planning, both of which offer important chal
lenges to industry. But you see that here 
again, as in the great technologies, we are 
dealing with a collective market. We are 
witnessing, basically, a separation—and I feel 
the same situation exists in Canada as, 
indeed, in all modern countries—a separation 
between the consumer market where a cer
tain object goes to one individual and the 
overall market for a society: its defence, its
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great technological adventure, its town plan
ning perhaps, its recreation. This dissociation 
of the two markets is probably one of the 
notable changes of our times.

I have spoken too long and I apologize. The 
impression I should like to leave with you, 
perhaps, is that the system is not perfect; no 
system is perfect in scientific research. I feel, 
however, that it has had two chief merits: 
first of all, contrary to the initial hopes of the 
government which felt that the creation of a 
research delegation would simplify all mecha
nisms of financing, contrary to this hope, I 
repeat, what has resulted is a co-ordinated 
multiplication of financing sources and a 
much greater flexibility. I do not feel that in 
matters of scientific research there is any 
policy which can be reduced to a simple for
mula and which we can summarize in a few 
words or which can be provided for in a 
single budgetary plan. The reality we are 
dealing with is much more complex and I feel 
that to a certain extent this initiative on the 
part of the French government has taken this 
reality much more adequately into account.

The second point is that the country has 
become aware of the reality of its research 
and its requirements. Research has become a 
factor in national policy. In this respect the 
attitudes of young people in industry have 
been drastically changed. Manufacturers who 
serve on the committees of the CNRS, and 
who sit with 12 scientists on the interminis- 
terial committee, acquire a vision of things 
which definitely has an impact on their indus
tries. At the same time they gain a better 
insight into international problems, enabling 
them, I feel, to better tailor their efforts to 
the vision of a modern world.

There is one final point I have to make. 
You are aware that we, like you, and more so, 
have trouble with our young people. It is 
important to recognize this fact, for if we 
failed to do so we would be glossing over a 
major blot in the picture—and blots are often 
instructive.

French young people do not have the fine 
universities I have seen here, and when visit
ing Simon Fraser University in British Co
lumbia I could not help but think I was prob
ably in the most beautiful of all universities. 
The location, the buildings and campus, the 
number of professors, their educational back
ground, their ready and spontaneous co-opera
tion, the association of the students in a

permanent dialogue—in short, everything 
seemed to be arranged so that there would be 
no problem. And yet the university had just 
called in the police to clear its administrative 
offices.

We are persuaded, therefore, that there is a 
much more serious problem which, I feel, can 
be explained in the following terms. First of 
all, our young people—I am not speaking 
here of the political agitators, the nihilists 
who stage demonstrations; there is whole 
temporary crowd of misfits, a minority in 
revolt against the family and society whom 
we shall not consider here—the nice, well- 
adjusted young adults allow themselves to be 
too easily swept away.

I feel that science is somewhat responsible 
for this. Science has created a very complex 
world and yet it is not certain whether we 
have equipped our young people to deal with 
this world. We have given them useful, intel
lectual tools, but these are not sufficient.

To equip a man for his world, a certain 
form of culture is necessary, a culture which 
formerly in France was primary education 
and which meant that at twelve years of age 
a child was basically a good, average citizen; 
he was, in any event, capable of becoming so.

I have the impression that today there is a 
complete lack of basic training, of an expla
nation and philosophy of the world which 
means that young people quite naturally fall 
into the delusion that life should be a beauti
ful carpet spread out before them.

There is certainly much to do and it 
seemed to me that the beautiful Simon Fraser 
University in Burnaby just lacked this rela
tionship between the humanities and the 
exact sciences. We were told that it was one 
of the universities in which there was practi
cally no “non-selective science,” no non-scien- 
tific option for science students, a phenome
non we discovered in many Canadian 
universities. Conversely, a course in the 
humanities includes no scientific option, no 
introduction to logic or administration.

I feel that there is a basic problem here 
which gives us one more reason not to sepa
rate the humanities and natural science in a 
science policy, a science policy which, in the 
final analysis, strengthens that of culture and 
education and goes hand in hand with eco
nomic policy. This is certainly a most difficult 
balance to achieve.
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I must say that Canada, by her powers of 
reason, the quality of her people, this willing, 
natural co-operation among you, seems to me 
to be a country particularly blessed for 
finding valid solutions to the problems of the 
changing world. The repercussions from the 
changes wrought by science will not be felt 
until some 20 or 30 years hence because our 
society has not yet adapted.

Mr. Chairman, these are the comments I 
wished to make on a number of essential 
points. There is so much to say! Naturally, I 
shall be pleased to answer any of your 
questions.

The Chairman: Thank you very much.

(Short recess)

[Text]
upon resuming:

The Chairman: Senator Grosart.

Senator Grosart: Thank you, Mr. Chairman. 
I think I should add to the words of welcome 
that you gave to our distinguished guests by 
saying that it is a rare opportunity for us to 
examine the examiners.

We are all aware of the great importance 
that is attached internationally to these 
examinations of the science policy and science 
performance of various countries.

With your permission, Mr. Chairman, 
although I know some of us have a sketchy 
knowledge of the purpose and scope of these 
examinations, I would like to ask Dr. King if 
he would just fill in the background of these 
OECD examinations, giving us the countries 
that are examined, the components that go 
into the examination, and the broad criteria 
that are used in reaching assessments and 
judgments.

The reason I particularly ask that is that 
our job as Science Policy Committee is really 
to see what the components should be and 
what the criteria should be; and with your 
experience in the international field I think 
you might give us some very, very useful 
guide lines in this respect.

Dr. Alexander King (Director for Scientific 
Affairs. Organization for Economic Co-opera
tion and Development): Mr. Chairman, the 
OECD examination of science policy—and, 
indeed, of educational policy, which is a par
allel series to which Canada has not yet been 
subjected, is derived from a system which

was started at the end of the Marshall Plan 
period by the OEEC in Paris for the examina
tion of national economic policies. In fact the 
economic policy of each member country is 
examined by OEEC every year.

This, of course, is mainly on the basis of 
statistics which give trends, which raise 
warning signals of inflation, of balance of 
payments difficulties, general conjunctoral 
questions and so on. This has been done for 
every country every year and, I think, has 
been a strong influence towards harmoniza
tion of the policies of most European coun
tries, and since OECD was created, of the 
North American countries and Japan also.

This technique, which is a new technique 
of international co-operation since the War, a 
kind of mutual consultancy, has the objective 
of helping countries by examination by objec
tive observers from outside the country on 
the basis of statistical and other information 
of the country; it can be accepted, rejected, 
assimilated or by-passed by the recipient 
country.

Examinations are also undertaken in a ser
ies of other policies. For example, the aid 
policy of countries is examined rather fre
quently; the agricultural policies, science 
policies and educational policies.

The general reason for this is twofold. 
Firstly, this examination of science policy 
gives the totality of OECD countries an inti
mate experience and knowledge of the struc
tures, traditions, achievements, experiments 
and policies of all the member countries. In 
subjects such as science policy which are 
developing rapidly in all countries, each can 
profit by the experience of other countries at 
a very early stage.

In science policies, we can, with the 
resources of OECD, only undertake the study 
of about three countries per year. The meth
od, as you know, is to send one or more 
rapporteurs at an early stage to prepare a 
basic documents giving the statistical and de
scriptive aspect of science in the country. The 
Canadian basic report on this has already 
been done. It is available in a few copies in 
French; it is due in English any 
moment. This is a compilation of data and 
descriptive material on the Canadian science 
scene, which I am sure will be useful to your 
own Committee as well as more generally 
within OECD.
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The examiners then visit the country, and 
we three here are the people in question on 
this occasion. The examiners are chosen as 
the result of negotiation between the country 
under examination and OECD. For example, 
some countries are anxious that the exami
ners should not be from very big countries 
where problems of scale may have oriented 
their attitudes and so on. The question of 
language comes in also.

The time of the examination is likewise 
negotiated between OECD and the countries. 
At the moment there is a queue of countries 
waiting to be examined, and most countries 
have asked for examinations to coincide with 
internal discussions on science policy. As far 
as Canada is concerned, this fits in very well 
with your own deliberations, with the 
McDonald Committee’s Report and so on.

Senator Connolly: Can I just ask, Dr. King, 
if Senator Grosart will not mind, who did you 
consult with in Canada as to this inquiry?

Dr. King: Well, this arose from discussions 
essentially with the Science Secretariat.

Senator Connolly: Good.

Dr. King: Then the next stage of the 
examination is that the examiners write a 
report under their personal signature. So that 
this is not an official report which commits 
OECD to a collective opinion on the scene of 
the country concerned, which would be 
absurd.

The next stage is the confrontation in 
Paris, when a senior group from the country 
under examination comes to Paris and is 
cross-questioned for a day or more by the 
examiners in the presence of senior policy 
people of the other member countries.

This is usually rather a frank discussion, a 
privileged discussion, with no members of the 
press or public present. At times they can be 
very frank.

Then there is a published report which, of 
course, again to some extent has to be nego
tiated, because of general political considera
tions, but which contains the background 
report, the examiners’ report. This is not 
changed, it is more or less kept as it is, 
because it is the responsibility of individuals 
and not of an organization, and a general 
account of the discussion. This is made avail
able for discussion within the country.

The criteria essentially, unless specially 
negotiated with the country, are those of the 
general development of science policy, the 
relation between national goals, scientific 
effort; relation between government, indus
try, universities; general planning of science 
and other topics of a qualitative nature with
in this general scheme.

As this matter evolves—and this has also 
been true of our educational reviews—a coun
try may ask for emphasis to be placed on a 
certain subject.

For example, we are doing at the moment 
in the educational review series, the review 
of the United States; but the U.S. has asked 
us to concentrate on problems of educational 
research and innovation: in other words, the 
trends in the educational system and the new 
possibilities opening up for the future 
towards giving education a greater relevance.

In the case of the Japan review, it was 
suggested by our own countries that they 
would like the review to concentrate on the 
transition in Japan from a policy of, if you 
like, imitation to one of innovation, and the 
place of education and science in this 
transformation.

In the case of the United States review, 
which was done last year and which has been 
rather influential, the concentration of effort 
was American-European comparisons in some 
way related to the technological gap, but in 
the perspective of the total deployment of 
U.S. science and its policy and lack-of-policy 
aspects.

In the case of certain countries where the 
review takes place at a period of change or 
impending change the result is rather influen
tial; very often, and I think most frequently, 
in increasing the depth and perhaps the 
sophistication of dialogue within the country, 
suggesting various approaches which are then 
assimilated by the country in terms of its own 
structures and traditions, rather than merely 
by imitating something from abroad.

To sum up: the reviews are partly for the 
general information of the country and of all 
the OECD countries. Partly they represent a 
kind of management consultancy approach, 
hoping that by the looking objectively at a 
situation by people with no possible vested 
interest some ingredients of policy change 
may be suggested to the country for assimila
tion in terms of its own needs and its own 
structures.
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Senator Grosart: Thank you very much. 
May we take it then that the criteria are both 
absolute and comparative?

Dr. King: Yes, sir. We have looked very 
little at the comparative aspect so far, but 
Mr. Bell, who is in charge of this work, is 
most anxious that the total experience that 
we are accumulating from many countries 
now, be in fact projected in a comparative 
sense.

Senator Grosart: Thank you very much.

Dr. Okita, perhaps I may repeat a story 
that I told you last week, because it bears so 
much on the comment that Dr. King has 
made on the transition in science and tech
nology in Japan from what he called the 
imitative to the innovative.

About a year ago there was a Japanese 
trade mission in New York, and the head of 
the mission was interviewed by the financial 
press, and one question he was asked was: 
“What is your major problem in the export 
markets to-day?” And the reply was, “Cheap 
American imitations”.

It is very interesting, Dr. Okita, that you 
have told us that in Japan the percentage of 
R. & D.—and I take it that that is public 
money, the figure you gave us, 1.3 per cent?

Dr. Okita: No, including the private 
industries.

Senator Grosart: This is the total invest
ment in R. & D. in Japan?

Dr. Okita: That is right; about 70 per cent 
of which is spent by private enterprise, and 
about 30 per cent government sources.

The Chairman: When you say “spent,” you 
mean financed by industry?

Dr. Okita: Yes.

Senator Grosart: So that only about 30 per 
cent is funded by the government in Japan, 
30 per cent of 1.3 per cent. How does that 
compare with what you have found in 
Canada?

Dr. Okita: Government-funded research 
expenditure is about Canadian $400 million.

Senator Grosart: Yes.

Dr. Okita: And you have a Gross National 
Product of about 70 billion; that is 0.6 per 
cent of Gross National Product.

Senator Connolly: And in comparison with 
investment from the private sector in 
Canada?

Dr. Okita: I have not got this private 
figure.

Dr. King: It is in the report.

Dr. Okita: It is in the report somewhere.

The Chairman: What was the question 
again?

Senator Connolly: Senator Grosart asked 
Dr. Okita how much the contribution from 
the public sector was for research in Canada, 
and he said $400 million. I asked whether or 
not the group inquired about the extent of 
the contribution to research from the private 
sector.

Senator Grosart: I think the answer is that 
it is the difference. In other words, it is just 
about the same, because 1.3 brings us up to 
700 or 800 million, and if the government 
share is 400 million it must be about 
fifty-fifty.

The Chairman: I do not think so. I think 
that the government share is closer to two- 
thirds in Canada.

Senator Robichaud: It is the reverse of 
what it is in Japan.

Senator Connolly: I realize that, but what I 
am getting at, because I think Senator Gro- 
sart’s first question was a great question to 
ask, and it is so important that we should 
have such distinguished gentlemen here from 
OECD doing this work: I wondered what they 
found about the participation by the private 
sector in the work of research. I hope you 
will excuse me for intervening.

Senator Grosart: Yes.

Dr. Okita: Mr. Chairman, I do not remem
ber the figure off hand, but my impression 
was it was just the reverse of Japan here. 
This $400 million figure is just the direct fed
eral expenditure, and there will have been 
provincial expenditures and other public 
sources. I would have to check the figure with 
our basic document. Mr. Bell has got the 
figures.

Dr. King: Perhaps Mr. Bell has it here.

Senator Connolly: Do you mind, Senator
Grosart?

Senator Grosart: No.
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Senator Connolly: When you estimate the 
amount that is contributed from the public 
source in Canada, you are considering only 
the federal contribution and not the research 
that is sponsored by provincial governments?

The Chairman: There is very little in 
Canada.

Senator Grosart: I wonder if we may follow 
that up and ask if Mr. Bell happens to have 
the figure.

Dr. King: He is looking it up at the 
moment.

Senator Grosart: Perhaps he might inter
vene later. The reason I ask this is that there 
are great divergencies in the figures that we 
have had. The Dominion Bureau of Statistics 
figures show a variance from the evidence we 
have had here—and I am not criticising DBS. 
DBS does not make an outgoing scientific sur
vey of these figures; it depends on responses; 
but there is this divergence, and I think 
everybody in this Committee feels it is most 
important that we get an accurate picture.

May I now go on to a very interesting 
point, Dr. Okita, which you raised in connec
tion with including the cost of imported tech
nology in these general figures. This, I think, 
is particularly interesting to Canada.

The figure you gave was, I think, that it 
was about 0.1 per cent of your GNP. You 
said, I think, that if you added the payments 
for imported technology, it would raise the 
1.3 per cent to 1.4 per cent.

Dr. Okila: 1.46 per cent.

Senator Grosart: 1.46. I presume that the 
Canadian figure would be very, very 
different.

To what extent have you examined the 
impact of imported technology in Canada, 
particularly through subsidiaries of American 
firms where we have a situation that is per
haps unique in the world?

Dr. Okita: We have not come across any 
definite estimate. Here the condition is rather 
different from Japan, because in many com
panies here the line of demarkation between 
Canadian and foreign is not very clear. In 
Japan we have a rather distinct borderline, so 
we can compile statistics of this nature; but 
here as far as we know such similar estimates 
may not be feasible. Some members may 
enlighten us, but as far as I myself have 
studies I have not a definite figure.

29374—2

Senator Grosart: Obviously it would be 
very difficult to get an exact estimate, but 
perhaps I may ask you this. In terms of inter
national comparisons, would you put anything 
like equal weight on the importance to the 
national economy of imported technology as 
contrasted with domestically initiated and 
developed technology?

Senator Connolly: In Canada.

Senator Grosart: I said “domestically.”

Senator Connolly: In Canada though.

Senator Grosart: Yes.

Dr. Okila: In Canada. I cannot say very 
definitely they have a program in Canada. In 
Japan we do not mind if the share of import
ed technology goes up. Our concern is rather 
the balance of technology trade.

I quoted a figure of one hundred to eleven 
in raising rates last year of this payment for 
technology import and what was received by 
exporting technology from Japan. For Euro
pean countries this figure is around 30 per 
cent, 40 per cent of their payment, in France, 
in U.K., Germany; but in the case of Japan 
this is 11 per cent.

Our purpose will be gradually to raise this 
receipt from exporting our technology, and 
we do not aim at attaining any measure of 
self-sufficiency in our technological develop
ment, because we rather encourage the 
import of foreign techniques which are the 
products of the best brains all over the world. 
Instead, we also encourage the export of 
products of Japanese scientists and engineers 
to foreign countries. This is more or less our 
attitude for this program.

Senator Grosart: To what extent, if any, 
have you found that the low level of domestic 
R & D in Japan affects your capability to 
absorb the results of foreign R & D?

Dr. Okita: This is a very important ques
tion. So far, economically, there are various 
other factors such as difference in wage lev
els, difference in availability of capital and 
other factors of production. So far, because of 
the difference in wage levels mainly, we are 
importing technology, although the technolo
gy may be second-hand, but products pro
duced by using imported know-how are in 
many cases competitive in our market. That 
was one advantage we have enjoyed in the 
past so far, but this gap is gradually narrow
ing, and we feel we shall have to depend
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more and more upon our own development, 
and to introduce cross-licence agreements 
with foreign companies. That is the general 
point.

In connection with this, I came across dur
ing our field trip the views expressed by- 
Canadian industrialists and some research 
institutions, that because of the small market 
of Canada of 20 million population, in many 
cases the development of new industries 
based on Canadian technology faces difficul
ties; but I also felt that there may be the 
possibility of developing a certain line of spe
cialization in technology, in the application of 
technology, such as in the case of Swedish 
industries (and there are some other cases, 
and also some in our Japanese industries) to 
serve the U.S. market.

So that, in a sense, although in Canada the 
population is 20 million, in certain branches 
of industry and technology you might as well 
consider you have a 220 million population 
market of the highest income in the world. I 
think this kind of approach could be feasible 
for certain lines of specialized industry.

Senator Grosart: It has been said that one 
of the reasons for your success in the modern 
world is that Japan maintains, in effect, a very 
sophisticated international science informa
tion or intelligence network. Is this a govern
ment program?

Dr. Okita: In fact this has not been very 
much a plan; but historically in Japan, as one 
of the backward or latecoming nations, so 
naturally, historically, we developed a system 
of collecting information. Scientists and engi
neers especially are very carefully looking at 
foreign publications.

As a matter of fact, in recent years we are 
sometimes criticized by the developing coun
tries that Japan is one-sided, in the sense that 
Japan has been anxious to import foreign 
know-how, but, in a sense, very inactive in 
trying to export their experience to newly- 
developing countries. I think this is more on 
historical background than government 
policy.

Senator Grosart: My last question, Mr. 
Chairman, because I know my colleagues 
have many questions to ask, is one that Dr. 
Solandt suggested I might ask you, Dr. Okita. 
He said there was a very interesting relation
ship developed between your Science and

Technology Advisory Council and the Cabinet 
in the area of political decision-making for 
science policy. What is the relationship, or, to 
put it more simply, do you have a Minister of 
Science Policy?

Dr. Okita: We have a Science and Tech
nology Agency. This agency is somewhat 
similar to a ministry, and it is headed by a 
full Cabinet minister, so science and technolo
gy has representation in the Cabinet through 
this minister in charge of the Science and 
Technology Agency.

Senator Connolly: What is his name?

Senator Grosart: His title or his name?

Senator Connolly: No, his name.

Dr. Okita: Nabeshima.

Senator Connolly: Was he the man who
was at the Ministers’ meeting?

Dr. Okita: Yes.

Senator Grosart: What is his actual title?

Dr. Okita: Minister of State in charge of 
the Science and Technology Agency. Both the 
Science and Technology Agency and the Eco
nomic Planning Agency belong to the Prime 
Minister’s office, headed by a Cabinet 
minister.

Senator Grosart: My final supplementary 
point on that: does he have any authority 
over departmental science policy, that is, 
science policy as it develops in the depart
ments? Does he have the right to initiate a 
general audit and report to the Cabinet?

Dr. Okita: He has the power to co-ordinate 
the science and technology activities of vari
ous ministries; but in fact because of, as I 
mentioned, the older ministries such as the 
Ministry of Education, the co-ordinating 
power is not as strong as it should be.

Senator Grosart: That is all, Mr. Chairman.

[Translation]
Mr. Piganiol: I should perhaps like to 

expand on a few points. The first is relative 
to what Mr. Okita said on collecting 
information.

When I was very rushed and had to pre
pare a conference on a certain chemical topic, 
very rarely was I unable to find a Japanese 
article synthesizing all known data—a per
fectly remarkable article which I could have
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translated. I feel that this is one of the factors 
which has enabled Japan to advance so rapid
ly, to assimilate so quickly and intelligently 
and to go one step beyond the knowledge 
others have acquired. I feel this is a very 
important fact.

The second point I should like to emphasize 
is the balance between patents and licences. I 
should like to trace the history of the rela
tionship between the importation and expor
tation of patents between France and the 
United States.

Twenty years ago our balance was almost 
at an equilibrium. This simply means that we 
were not able to assimilate American tech
nology. We were very proud of this equilibri
um—but it was meaningless. At the present 
time the ratio is somewhere around 1 to 5; we 
purchase 5 times as many licences as we sell 
to the United States, approximately the same 
ratio as our population. We can therefore 
rightfully state that we in France are as 
inventive as people in the United States. 
Unfortunately, the curve which began at 1 
and has increased to 5 does not seem to be 
stabilizing; it seems to be constantly rising, 
and this would be a weakness.

We readily admit that we are importers of 
technology from a country 5 times as great as 
we are, but I should not like to see imports 
continue to increase indefinitely. This is a 
trend which must be watched closely.

The third point I should like to stress is 
that when we analyze an import and export 
policy, some aspects do not appear. When an 
American firm locates in France, for exam
ple, the joint use of patents is not taken into 
account. The fact is considered sometimes in 
shared capital, sometimes in dues for techni
cal assistance but does not necessarily appear 
on the level of licences and patents. In this 
case, the national efforts do not seem to be 
taken into account. The overall balance may 
be unfavourable.

On the other hand, the laboratory of an 
American firm in France may provide an 
intellectual lead and have a profound influ
ence on the policy of the parent firm in the 
United States. A case in point is Kodak, 
where the Kodak laboratories in France have 
greatly contributed to and influenced the poli
cy of the Kodak Company in Rochester. But 
this fact does not appear on the export bal
ance-sheet. Nevertheless, as regards national 
prestige, I feel this is a good thing.

29374—2i

The last point I should like to make is that 
in analyzing the structure of expenditures for 
a country, we are often inclined to isolate 
university expenditures even though they 
come from the federal or provincial govern
ment. But every budget is somewhat differ
ent. You therefore have the university budg
et, the budget for government research— 
federal or provincial—and industry expendi
tures.

What is important to consider here is not 
only the volume of these three expenditure 
but their flow. I do not know offhand all 
these flows for Canada—I shall have to look 
more closely into the matter—but I am 
persuaded that there is a minimum flow 
among the three sectors, which is essential.

When I was in Japan, I was astonished by 
the fact that these flows were definitely too 
weak. I believe they have since increased.

In France these flows were practically 
nonexistent ten years ago but have now 
greatly increased. Unfortunately, we do not 
haye the criteria to assess the money by con
tract among these laboratories. We are in the 
process of studying this aspect which, I feel, 
is an important one.

These are the few comments which your 
interesting question suggested to me.

[Text]
Dr. King: If you would like, sir, I can give 

these figures now. The latest figures were 
from the Department of Industry here for 
1965.

The Chairman: This is John Orr?

Dr. King: Yes; John Orr’s study. The total 
is $681 million. The percentage was 51.5 
directly from the State; 31.2 direct from 
industry; 10.4 through higher education, 
through the universities; 2.1, non-profit re
search organizations; and about 4.8 was 
from abroad (American grants and things of 
that kind).

That means State plus universities—which 
are also the State—60 per cent, to 30 per cent 
from Industry—the reverse of Japan.

Senator Grosarl: These are considerably 
out of date now.

Dr. King: They are considerably out of 
date, but it is unlikely that the proportions 
will be very different, and it may be even 
that the university figures are slightly low
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because they probably do not represent the 
salaries of professors, many of whom spend 
quite a lot of their time doing research.

Senator Grosart: This is source of funds, 
not performance sector.

Dr. King: This is source of funds. The same 
tables have the performance as well.

The Chairman: Senator Thompson.

Senator Thompson: I was interested, Mr. 
Chairman, in the structure in the two coun
tries, and I notice in Japan there is an advis
ory committee on science planning which I 
understand in the next session there would be 
passage to permit. You have a Science Coun
cil which is elected. Then you have an adviso
ry council to the Minister of Education; 
advisory council to the Science Agency.

Then if I could just repeat, if I understand 
it, you had a commission, sir, (speaking of 
France) half elected by scientists, a quarter 
by the Minister of Education, and a quarter 
by the Prime Minister, which includes the 
Army and other parts.

Can I throw this out to you, that in looking 
at the structure of Canada, do you have a 
suggestion to us concerning weaknesses in our 
structure?

Senator Grosart: If we have a structure.

[Translation]
Mr. Piganiol: I think it is still a little too 

early to answer that question as we have not 
yet had time to make a thorough analysis.

Mr. King: But we are not planning to do so.

Mr. Piganiol: We are going to make this 
complete analysis for Canada.

The only question I wanted to take up with 
you is this: in my opinion there should be 
several commission levels. In France at the 
governmental level, along with the ministers, 
there are 12 members appointed by the gov
ernment. The events of May forced the addi
tion of 12 elected members whose standing is 
not at all clear and which is rapidly changing.

The Chairman: Was this before the 
elections?

Mr. Piganiol: Yes, it was prior to the 
elections.

[Text]
Senator Thompson: May I interrupt? Those 

12 scientists who are appointed, are they 
natural scientists?

[Translation]
Mr. Piganiol: No, they are men experienced 

in industrial, military and university 
research. They are appointed for a four-year 
term, and half of them replaced every two 
years. They are asked to study above all the 
integration of scientific policy with the whole 
government policy. They are asked to rise 
above their science problems.

The Chairman: An attempt to elaborate 
policy through science?

Mr. Piganiol: By science and with science— 
an introduction of scientific methods into gov
ernment, a science policy, a policy by science 
and a balance between the two. However, at 
the CNRS level the commissions take on a 
much more professional aspect. It is a ques
tion of defining the main goals for a discipline 
or group of disciplines and determining the 
most effective method of quickly reaching the 
goals.

As you can see, they are two completely 
different levels.

I believe that here in Canada you are not 
far removed from such a structure, and dur
ing our study we shall try to find the similari
ties and the differences because it is an aspect 
of French policy which I consider totally val
id—the scientist present at the political level 
and the scientist taking charge of their own 
scientific affairs. I hope that an increasing 
number of scientists can be brought into gov
ernmental decision-making.

In France, the scientific body was asocial, 
which is to say, completely alienated from the 
problems of society. In the past ten years, 
scientists have had new thoughts as to a 
national and international political integration.

I must add immediately that contrary to 
many other experiences, our contacts with 
Canadians at all levels show an overall com
prehension of the scientific policy problem 
which in my opinion is quite exceptional.

[Text]
Senator Thompson: Could I ask your distin

guished Japanses representative this ques
tion? My feeling is that the Japanese scien
tific community is not asocial in terms of
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their working very much towards both the 
export opportunities as well as developing the 
industry of Japan.

In your travels, looking at your structure, 
do you see areas in which we could develop 
in Canada—for example, in a Ministry of 
Science? Would you be prepared at this point 
to make suggestions to us? Am I going too 
quickly?

Dr. Okiia: It is all right.

Senator Connolly: You may be going too 
far.

The Chairman: I must say, Senator 
Thompson, that the main purpose of asking 
the OECD representatives to appear before us 
this morning, was not to ask them questions 
about Canada, because this is dealt with in 
their report, but more on their intimate 
knowledge of science policy in their respec
tive countries.

Senator Thompson: Perhaps I will with
draw this question if it is embarrassing to 
you. This is just so much in our thoughts in 
our Committee.

Dr. Okita: We are discussing this aspect. As 
to what we should recommend and what we 
should write in our report, we have not 
reached any agreement amongst us, and we 
should therefore refrain from making any 
concrete suggestions.

Senator Thompson: I appreciate the point.

Dr. Okita: I would just like to give some 
more detail to my earlier statement. Last year 
we spent American $240 million for importing 
technology, and we exported American $27 
million of technology to foreign countries.

Our total expenditure on research and 
development last year was around American 
$1.6 billion. That is about 1.3 per cent of 
Gross National Product, which last year was 
American $120 billion roughly.

The Chairman: Senator Connolly.

Senator Connolly: I had so many questions, 
Mr. Chairman, that I am ashamed of myself. 
I can only ask...

The Chairman: You are not the only one.

Senator Connolly: I know, because this has 
been a most interesting session.

There is one thing I would like to say, 
however, and that is how delighted I am to

see students from the university here. I wish 
that the opportunity for students to listen to 
these discussions were greater than it is, but 
the geography of our country makes this 
impossible. It is very encouraging, I think, to 
all of us to see students from the University 
of Ottawa coming here to hear such distin
guished witnesses as we have had this morn
ing. I congratulate them and their universi
ties. I only wish that other universities had 
the same opportunities as they have.

Perhaps I could begin by asking Dr. King a 
question that is on my mind. I know the great 
work that OECD is doing in a great many 
fields, in the economic field, and I am most 
impressed with the inquiries that are being 
conducted under its auspices in the field of 
science. I am sure that all the twenty-one 
different countries in OECD will profit 
immeasurably by the kind of investigation 
and report which these gentlemen make, and 
which others who will succeed them will 
make from time to time.

What I particularly wonder about is wheth
er or not the value of the work that is done 
for OECD countries in this field of harmoniz
ing information in the field of science will 
spill over into the under-developed “third 
world”. This is, I think, one of the great 
responsibilities of the developed world, and 
the developed world is pretty well represent
ed by OECD countries.

I am afraid I am making a speech, but it 
seems to me that there is some comparison 
and perhaps some lead to be gathered from 
the work done under the Marshall Plan, 
where Europe was in effect re-established and 
rebuilt because of the facilities, and particu
larly the financial resources, that were put at 
its disposal; and they did it because there was 
a base from which to work and this made the 
process a fairly rapid one.

The proof of that is perhaps the position of 
West Germany to-day, and indeed of other 
countries that were devastated by the war. 
You have not got that base in the under
developed countries.

Could I ask Dr. King, and perhaps his col
leagues here, whether they work that they do 
on behalf of OECD countries will have a 
direct effect, and indeed perhaps an indirect 
effect, through the developed countries, upon 
raising the level of technology, and per
haps even of innovation, among the develop
ing countries?
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Dr. King: Mr. Chairman, this is a very 
complicated and very important question. 
OECD, as you realize, is a group of the 
advanced countries of the market-economy 
world and, as such, its chief job is in fact 
discussion at a level of sophistication appro
priate to their needs; but, nonetheless, of 
course, much is discussed which has rele
vance on a world level, and there are many 
examples of how this kind of thing does 
spread.

Within OECD itself, first of all, there is the 
general function of co-ordination of aid, and 
our member countries give about 94 per cent 
of the total aid that is given in the world, 
through bilateral and multilateral schemes, 
the harmonization of which is extremely diffi
cult because of the political objectives which 
are behind the aid policies of some countries, 
either overt or covert.

However, the aid problem is very central to 
the thinking of OECD as donor countries who 
wish this to be as effective as possible; but 
the organization as such has no function in 
technical assistance. We agreed from the 
beginning that this should be so, because 
there are already probably too many bodies 
in the field competing to some extent and not 
always reinforcing one another. So a special 
approach has to be made on this.

With regard to spreading of the knowledge 
which is generated for the purposes of the 
OECD countries, there are a number of 
examples of how this is done. Firstly, much 
of the technique spreads through other inter
national organizations. For example, UNESCO 
has followed up in its own way many of the 
approaches of OECD in providing good statis
tics on research and development.

Secondly, OECD in itself has a number of 
under-developed countries within the Euro
pean scene—at least, semi-developed, like 
Turkey, Yugoslavia, Portugal.

Clearly, our approach to such countries in 
helping them in science policy must be very 
different from our approach to, say, Sweden 
or Switzerland, Canada or the United States, 
and a special approach has been developed 
within the science directorate of OECD with 
regard to these countries, through the crea
tion of pilot teams for technology which con
sist of nationals of the country under exami
nation, and who are natural scientists, 
engineers and economists.

The inter-relation between these disciplines 
is absolutely essential to this kind of activity, 
because the scientist by himself can do very 
little in this; the economist himself is too 
general; and the engineer is perhaps too ad 
hoc in his approach.

So these are combined groups who have 
done studies in countries, financed fifty-fifty 
by OECD and by the country in question, to 
lay out an inventory of what is going on in 
the country and to suggest means whereby 
their science effort may be made more rele
vant to the national needs, and particularly in 
relation to the development and implementa
tion of national economic plans.

This has gone rather well, and a series of 
methodologies have been developed for the 
linking of scientific planning and national 
planning for countries at an early stage of 
development.

Senator Connolly: Does this extend to 
Africa and South-east Asia?

Dr. King: No, sir. So far this is only the 
OECD under-developed member countries, 
because we have no function and no right to 
go outside.

Senator Connolly: Yes.

Dr. King: But it is clear that many of these 
methods have as wide a significance, and we 
are looking at the moment for means where
by the techniques can be spread.

This also took place in our educational 
work, because the science directorate of 
OECD has pioneered the concept of educa
tional investment planning, and has in fact 
developed the methods within countries like 
Greece, Turkey and Spain and Italy.

This became so clearly relevant in other 
places that the Ford Foundation gave us a 
grant of half a million dollars a few years ago 
to try out these techniques in Latin America. 
We have in fact done a full-scale, long-term 
educational plan for Peru and one for Argen
tina, which are published and which give 
guide lines of educational development 
in terms of overall national needs (essentially 
economic, but also to some extent social) 
which, if political stability permits, will help 
the countries enormously. With this we have 
done a great deal of training by apprentice
ship of Latin Americans in this kind of edu
cational planning so that in their own coun
tries they can carry it on. Then we withdraw,
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because we do not wish to compete with 
existing agencies in that field, international 
like ILO or UNESCO, and regional such as 
the Organization of American States.

As far as pilot groups for technology are 
concerned, we are now at a stage where at 
least ten countries have informally written in 
to see if we can help them—countries like 
Iran, India, Mexico, Egypt and so on.

We had a seminar last year to which we 
invited a number of outstanding representa
tives—mainly economic—of such countries, to 
discuss the methods we had developed, to see 
if they could be of use in their countries.

This is leading, in the end of this year or 
the beginning of next year, to a broad semi
nar run by the Development Centre of OECD, 
which is a semi-independent body; whereby a 
number of scientists and economists from a 
group of countries in the “third world” will 
come to Paris to spend a week discussing 
these methods, to see in fact how they can be 
implemented.

Also, a number of bodies such as the Inter- 
American Bank and, for that matter, the 
World Bank, have been following this with 
interest, and we hope that through this semi
nar other bodies providing funds will take up 
these methods.

So I think we can take it, sir, that we are 
very concerned that this knowledge should 
not be restricted to member countries, and as 
far as we can within our constitution, we are 
trying to do something about it, mainly with 
the help of external money.

The Chairman: I think Mr. Piganiol would 
like to say something.

[Translation]
Mr. Piganiol: Senator, you have given me 

the opportunity to say something to the 
OECD which I have never said to them. I am 
an advisor to the Government of Senegal for 
scientific and technical development, and I 
must say that my duties in Senegal are great
ly aided by all the studies of the OECD, not 
only studies on partly-developed countries, 
such as Spain and Portugal, but also studies 
on developed countries. The problem I 
encounter in these countries is of a completely 
different nature. Scientific and technological 
change must be accompanied by social 
change. We are very poorly equipped to 
select them, and to select them with local 
people. It is not a question of adopting the

structure of industrialized countries but of 
creating a new and temporary social struc
ture, temporary in the sense that it avoids 
ready-made dogmas which take over with the 
rigidity of religious infallibility and for this 
we are ill-equipped. Also it does not concern 
the plan of methodical thought. I do not think 
that it could work effectively in Senegal 
without the basis or background which is 
supplied to me abundantly by the endeavours 
of the OECD.

This was an opportunity to thank Dr. King 
who investigates and promotes them.

[Text]
Senator Connolly: This strikes a very re

sponsive chord in my thinking. I remember 
Mr. Kristensen, the Secretary-General, at the 
dinner he gave for the science ministers of 
OECD, saying that he was a social scientist 
primarily and he would hope that the 
science ministers would not be concerned 
entirely, first of all with the development of 
science and technology for the purpose of 
economic development only, but also for the 
purpose of social development; taking into 
account, I think it is proper to say, the condi
tions in the country that Mr. Piganiol has 
mentioned—the cultural level, the technical 
base, the educational level, the literacy level 
even, if you will.

Do you find, Dr. King, that some of that 
objective is being realized in the work that 
you are doing with your OECD investigatory 
groups like this one?

Dr. King: That is a very difficult question, 
Mr. Chairman, and one which I think 
requires a great deal of attention.

Mr. Kristensen himself in a recent speech 
said that he had come to the conclusion that 
we had reached a point in our civilization 
where it is no longer possible or desirable to 
plan economic growth, except in a social 
context.

I think more and more in OECD we are 
convinced that nearly all the great problems 
we will be facing in the future—outside of 
the defence problems which I do not want to 
talk about—urban development, living in an 
increasing urban environment, transportation, 
the nature of our resources, and many, many 
more: cannot any longer be attacked simply 
by the scientists or separately by the econ
omists; and that this combined scientific, eco
nomic and behavioral science approach must 
become established.



1300 Special Committee

I would just like to take the opportunity 
here of saying that in my view the establish
ment of a science policy in a country must in 
its thinking take into account this need for 
multi-disciplinary approach which the new 
world in which we are entering demands, and 
without which we will fail. The student 
difficulties are merely a symbol of a much 
bigger and deeper problem of this kind. A 
science policy body in a country should also, 
in its changing of national structures, attempt 
to provide a flexibility which is not uni-disci
plinary; which prevents the uni-disciplinary 
sterilization, if you like, which is built into 
the organizations of most of our countries. 
The points you have made are absolutely cen
tral to this.

Senator Connolly: Thank you. Mr. Piganiol, 
I think, has raised this question too. It seems 
to me that if you could put it in a very brief 
statement, it would be helpful.

One of our problems is that we are too 
inclined to specialize, and what we should be 
looking at in areas like this, as we look at the 
problems of the world, is the development of 
the whole man, not just the scientific man, 
not just the economic man, but man as man; 
and that all of these aspects of his social and 
domestic life have to be taken into considera
tion if the progress is to be a balanced and 
reasoned one.

I would just like to ask one or two other 
questions. I am late for another Committee 
now by an hour, but it is probably over, so 
perhaps it does not matter.

I wonder if I could ask Dr. Okita, first of 
all, the sources of the technology imported 
into Japan; from what countries do they 
come?

Dr. Okita: Technology import comes from 
the United States in large measure, and from 
U.K., France, Switzerland, Sweden, Germany, 
Netherlands to a certain extent, and those are 
the major sources. I do not remember accu
rately off hand, but probably 70 per cent of 
our technology imports are from the United 
States.

Senator Connolly: I would have thought 
perhaps the answer might have been in that 
area.

Now may I ask this question. In the case of 
technology imported from the United States, 
is the bulk of that the result of the formation

of U.S. subsidiaries or agencies or branches in 
Japan, or does it originate from the use of 
any innovation material, such as patents and 
techniques and things like that, which Japa
nese firms, who are so practical in their work 
and in their outlook, take in and work upon?

Dr. Okita: In this respect our approach was 
somewhat unique—that is, the separation of 
technology imports from capital and manage
ment imports.

Historically since the early period of mod
ernization, and again after the Second World 
War, most of the technological imports were 
separated from imports of management and 
capital. Mostly they are imported in the form 
of patent licences, royalties and others; and 
there are relatively few cases of the manage
ment participation of foreign firms; but quite 
recently, because of the size of the output of 
Japanese industry, growing larger and larger, 
and maybe because of the competitiveness of 
those products, the foreign firms are more 
interested in participating in management 
and capital to share the profit. So there is a 
kind of request coming from foreign govern
ments, particularly from the U.S. Govern
ment, that Japan should open up their domes
tic market to industries for foreign 
participation.

This is one of our current issues, and 
because of the growing possibility of the 
development of multi-national enterprise in 
various fields, where the technological 
progress is rather rapid, we also feel that we 
should gradually open up so that foreign com
panies may participate in our domestic indus
tries, and Japanese companies may partici
pate in other countries.

Such internationalization of industry will 
be inevitable, but at the same time we feel 
that we should maintain a kind of national 
integrity. Especially, if we are very much con
cerned with maintaining the research and 
development manpower in our own country, 
which will enable us to evolve our own tech
nology that can be traded with other coun
tries. That is one of our most important 
issues, how to maintain and foster their capa
bility of making technological progress, even 
with wider foreign participation in our 
industry.

The Chairman: A brief one?

Senator Connolly: It is really quite a brief 
one, and it applies to both of our distin-
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guished guests. In the case where you have 
foreign subsidiaries coming to your countries 
to develop, do you try to have them do more 
and more research and development work 
within your country rather than import it 
from their parent organizations?

Dr. Okita: In the case of Japan, this has 
been our more or less traditional policy, to 
strengthen the capabilities in our own coun
try; but at the same time, as I mentioned, we 
must recognize that these international activi
ties are growing very fast.

[Translation]
Mr. Piganiol: In France, we are trying to 

persuade established foreign firms to take 
part in research in order to first of all avoid 
the drain of scientists and also for these firms 
to be really involved in national life. I fully 
realize that from time to time nationalistic 
tendencies influence these firms but on the 
whole it can be said that the trend is favora
ble for their integration. I shall give you two 
examples—the Kodak laboratory and the 
I.B.M. laboratory, which in France are very 
important centres.

On the other hand, the multinational 
French firms established abroad have increas
ingly adopted a policy, once their develop
ment has reached an advanced stage, of set
ting up a local laboratory abroad. We have 
them in Germany and in Italy and shall soon 
have one in Spain.

The question which arises in the case of 
multi-national firms is of deciding whether it 
is better to have a large international labora
tory, staffed by scientists from various coun
tries where we are established, or to have 
several affiliated laboratories.

I believe that the future will lead to a 
central laboratory for basic problems which 
must really be solved in the firm’s mother 
country, and more specialized laboratories in 
other countries where it is established. Each 
of the central and subsidiary laboratories will 
have an international team because experi
ence has shown that the presence in a labora
tory at the same time of Latin, Anglo-Saxon 
and Germanic temperaments is highly benefi
cial to thought.

I think that this will be the trend in the 
future and it has only begun.

The Chairman: Senator Giguère?

Senator Giguère: You said that in France, 
in order to coordinate scientific research, the 
research budgets of all the ministries are 
analysed at the same time?

Mr. Piganiol: Yes.

Senator Giguère: Who makes these analyses?

Mr. Piganiol: The analysis is done at the 
general research board level which discusses 
with each ministry its research projects by 
trying to establish an overall balance. This is 
then discussed at governmental level which 
sets the total amount for research.

Then, in general during the month of 
August, each ministry through officials dis
cusses with the Ministry of Finance the size 
of its own research. However, the research 
board is in attendance and ensures that the 
total policy is upheld. At this time, a few 
small changes may be made.

In other words, we are trying to maintain 
the responsibility of each ministry while at 
the same time taking a total outlook of the 
whole picture. As a result the ministries 
which were not very interested in research, 
agriculture in particular in the fifties, became 
fully aware of the problem and their interest 
is evident.

The difficulties which may be encountered 
in the plan are easily solved. In France this is 
an austerity year and the drawing up of the 
budget is rather painful but we think that it 
will begin again later on.

[Text]
Senator Thompson: This General Delega

tion reports to the Prime Minister, reports to 
the highest level, does it?

[Translation]
Mr. Piganiol: That is correct. The budget is 

set by the interminstry committee.

The Chairman: Senator Robichaud?

Senator Robichaud: I realize the hour is 
late, but allow me a short question about 
the import and export of technology. Are 
industries in France, for example, free to 
exchange scientific knowledge or is this con
trolled by the government?

Mr. Piganiol: There is governmental control 
over the exit of capital. In theory, at the 
technologist exchange level up until now 
everything important has been accomplished, 
with some difficulty at times, but on the
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whole it has been easily brought about. In 
other words, everything is done as if there 
were real freedom. A control is exerted but 
with leniency.

The Chairman: Democracy, yes, but—

Mr. Piganiol: May I draw your attention to 
one fact as it is a problem we encountered in 
France in 1958-60.

We often noticed that our manufacturers 
knew less about results in French universities 
than those of American universities.

In the field of publications, even at the 
level of popular magazines, there is a marked 
American influence. In a country the size of 
France there is a problem of informing these 
manufacturers about work undertaken by the 
universities.

I think you have the same problem in 
Canada, for I know of several basic scientific 
research projects in the universities which 
are very interesting and which definitely 
would have a bearing on the technological 
development of the country if they were done 
as applied research by industries. However, I 
am not sure whether your industry is aware 
of the quality of the work being carried out 
in some of your industrial centres and this at 
a time when Canada is trying to assert its 
individuality, the originality of its culture,

without however comparing it to others, of 
course. I ask myself whether it would not be 
wise to find a national information media 
which could show clearly the scientific 
endeavours of the country which have met 
with success and thus open the door to the 
future. With a very limited knowledge of 
what is going on in Canada, I believe this 
might be something to try and set up in your 
country. Personally, I am amazed at the qual
ity of some university projects.

[Text]
Senator Connolly: There is a certain practi

cal wastage, in other words.

[Translation]
The Chairman: Are there any other ques

tions. Unfortunately I think that we should 
adjourn.

[Text]
I know that our guests have to attend a 

meeting with the Treasury Board at two 
o’clock. Before concluding this meeting I 
would like, on behalf of the committee, to 
express our deepest gratitude to Dr. King, Dr. 
Okita and Mr. Piganiol for spending all this 
time and with us this morning. Merci beau
coup.

The committee adjourned.


























