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ORDERS OF REFERENCE
House oFr COMMONS,
TuEespAY, February 16, 1960.

Resolved,—That the following Members do compose the Standing Com-
mittee on Mines, Forests and Waters:

Messrs.

Aiken, Kindt, Nielsen,
Baskin, Korchinski, Payne,
Cadieu, Leduc, Richard (St-Maurice-
Coates, MacRae, Lafleche),
Doucett, Martel, Roberge,
Drouin, Martin (Timmins), Robichaud,
Dumas, McFarlane, Rompré,
Fleming (Okanagan- McGregor, Simpson,

Revelstoke), McQuillian, Slogan,
Godin, Mitchell, Smith (Calgary South),
Granger, Muir (Cape Breton Stearns,
Gundlock, North and Victoria), = Woolliams—35.
Hardie, Murphy, '

(Quorum 10)

Ordered,—That the said Committee be empowered to examine and inquire

- into all such matters and things as may be referred to it by the House; and

to report from time to time its observations and opinions thereon, with power
to send for persons, papers and records.

MonpAY, February 29, 1960.

Ordered,—That the Standing Committee on Mines, Forests and Waters
be empowered to print such papers and evidence as may be ordered by 'it,
and that Standing Order 66 be suspended in relation thereto; and that the said
Committee be granted leave to sit while the House is sitting.

WEeDNESDAY, March 9, 1960.

Ordered,—That items numbered 277 to 281 inclusive, and items 486 and
487, as listed in the Main Estimates 1960-61, relating to the Department of
Northern Affairs and National Resources, be withdrawn from the Committee
of Supply and referred to the Standing Committee on Mines, Forests and
Waters, saving always the powers of the Committee of Supply in relation to
the voting of public moneys.

MonpAay, March 21, 1960.

Ordered,—That the name of Mr. Hicks be substituted for that of Mr. Smith
(Calgary South) on the Standing Committee on Mines, Forests and Waters.
Attest

L. J. Raymond,
Clerk of the House.
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REPORT TO THE HOUSE

THURSDAY, February 25, 1960.
The Standing Committee on Mines, Forests and Waters has the honour
to present the following as its
FIRST REPORT
Your Committee recommends:

1. That it be empowered to print such papers and evidence as may _be
ordered by the Committee, and that Standing Order 66 be suspended in relation
thereto.

2. That it be granted leave to sit while the House is sitting.
Respectfully submitted,

H. C. McQuillan,
Chairman.



MINUTES OF PROCEEDINGS

THURSDAY, February 25, 1960.
(1)

The Standing Committee on Mines, Forests and Waters met at 10.30 a.m.
this day, for organization purposes.

Members present: Messrs. Aiken, Cadieu, Coates, Dumas, Fleming
(Okanagan-Revelstoke), Godin, Korchinski, MacRae, Martel, McFarlane,
McGregor, McQuillan, Mitchell, Muir (Cape Breton North and Victoria),
Nielsen, Payne, Roberge, Robichaud, Smith (Calgary South), and Stearns
—(20).

The Clerk attending and having called for nominations, Mr. Coates moved,
seconded by Mr. MacRae, that Mr. McQuillan be elected Chairman of the
Committee.

There being no further nominations, Mr. McQuillan was declared duly
elected as Chairman.

The Chairman thanked the Committee for the honour conferred on him.
He then read the Committee’s Order of Reference.

On motion of Mr. Cadieu, seconded by Mr. Korchinski,

Resolved,—That Mr. Nielsen be Vice-Chairman of the Committee.
On motion of Mr. MacRae, seconded by Mr. Aiken,

Resolved,—That a sub-committee on Agenda and Procedure comprised of
the Chairman and six other persons designated by him be appointed.

On motion of Mr. Smith (Calgary South), seconded by Mr. Korchinski,

Resolved,—That the Committee recommended to the House that it be
empowered to print such papers and evidence as may be ordered by the Com-
mittee, and that Standing Order 66 be suspended in relation thereto.

Moved by Mr. Nielsen, seconded by Mr. Stearns, that leave be asked to
sit while the House is sitting.

Carried on Division.

At 11.00 a.m., the Committee adjourned to call of the Chair.

TuESDAY, March 22, 1960.
(2)

The Standing Committee on Mines, Forests and Waters met at 9.30 o’clock
a.m. this day. The Chairman, Mr. H. C. McQuillan, presided.

Members present: Messrs. Aiken, Baskin, Cadieu, Coates, Doucett, Dumas,
Fleming (Okanagan-Revelstoke), Granger, Gundlock, Hicks, Kindt, Korchinski,
Ledue, Martin (Timmins), McFarlane, McQuillan, Mitchell, Muir (Cape Breton
North and Victoria), Nielsen, Simpson, Slogan, Stearns—(22).

In attendance: The Honourable Alvin Hamilton, Minister, R. G. Robertson,
Deputy Minister, E A. Cété, Assistant Deputy Minister, and officials of the
Water Resources Branch; all of the Department of Northern Affairs and
National Resources. :
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On motion of Mr. Aiken, seconded by Mr. Dumas,

Resolved,—That the Committee print, from day to day, 750 copies in

English and 250 copies in French of the Commxttees Minutes of Proceedings
and Evidence.

Copies of “Outline of Possible Examination of Water Problems” were
distributed to the members of the Committee.

The Chairman announced the composition of the Sub-committee on Agenda
and Procedure comprising the following members: Messrs. Aiken, Coates,
Dumas, Martin (Timmins), McQuillan, Nielsen, and Robichaud.

The Chairman read the Order of Reference dated March 9 whereby the
1960-61 Estimates of the Water Resources Branch of the Department of North-
ern Affairs and National Resources were referred to the Committee.

The Chairman referred to various matters that would be examined by the

Committee and further advised that a number of expert witnesses on water
resources would appear before the Committee.

Item 277—Administration, Operation and Maintenance,—of the 1960-61
Estimates of the Water Resources Branch of the Department of Northern
Affairs and National Resources, was called.

The Minister made a statement describing the various aspects and prob-
lems connected with water resources in Canada and was questioned thereon.

Mr. Patterson, Director of the Water Resources Branch, supplied informa-
t10n to questions on erosion.

‘In reply to questions dealing with the definition of navigable waters, the
Minister advised that he would supply the Committee with a report on this
matter.

The Chairman advised that it was hoped to have General A. G. L.
McNaughton at the next sitting and that a meeting of the Sub-committee on
Agenda and Procedure would be held as soon as possible.

Mr. McQuillan advised that the meeting dates allocated for this Committee
were Mondays at 11.00 a.m. and Tuesdays at 9.30 a.m.

At 11.00 o’clock a.m., the Committee adjourned until 11.00 o’clock a.m.
Monday, March 28, 1960.

M. Slack,
Clerk of the Committee.



EVIDENCE

TuESDAY, March 22, 1960
9:30 a.m.

The CHAIRMAN: We are waiting for the minister at the moment, gentlemen:
he is going to make an opening statement. We have a quorum, so we can clear
some of the work off the slate here. First I want to welcome you all and tell
you how glad I am to see that we have so many familiar faces back with us.
I hope we can make an interesting year of our meetings in this committee.

First of all we need a motion to print 750 copies in English and 250 copies
in French of our proceedings. Would somebody so move?

Moved by Mr. Aiken and seconded by Mr. Dumas.

Motion agreed to.

The CHAIRMAN: The minister will be with us in a minute: I am just await-
ing his arrival before we proceed. In the meantime, we have a tentative outline
of the course that we are thinking of pursuing this year, so we will have copies
of this program passed around to the members of the committee.

Gentlemen, the minister has arrived. We have already dealt with the first
order of business. First I would like to announce the names of your steering
committee: Messrs. Dumas, Robichaud, Martin (Timmins), Coates, Aiken,
Nielsen and myself. I will now read the order of reference for the work of
this section.

Ordered,—That items numbered 277 to 281 inclusive, and items 486
and 487, as listed in the main estimates 1960-61, relating to the Depart-
ment of Northern Affairs and National Resources, be withdrawn from
the committee of supply and referred to the standing committee on
mines, forests and waters, saving always the powers of the committee
of supply in relation to the voting of public moneys.

From this order of reference it would appear that we are fairly limited
in our terms of reference, but I think we will find ample work when we start
to go into the estimates of the water resources branch.

At a meeting of the steering committee held shortly after our first organiza-
tional meeting it was unanimously agreed that a tentative program, subject
to the consent of the house, of an examination of the water resources branch
of the Department of Northern Affairs and National Resources, and items 486
and 487—which come under loans and advances—would provide an interesting
and, it is hoped, constructive program for the committee this session. An
examination of the estimates referred to us for this session will lead us into
a rather broad field covering international and interprovincial waters from the
Pacific to the Atlantic. It is hoped that we will have a number of expert witnesses
appearing before us to give evidence on subjects such as water supply and
requirements, conservation and flood control, pollution of waters, hydro electric
power, international problems, not at present including the Columbia, because
that is under negotiation, but including the Souris river, Great Lakes basin,
the St. Croix river, the Passamaquoddy, and a number of other rivers that may
come up as we pursue the estimates.

From that very brief outline, I am sure you will appreciate that we have
plenty of interesting work ahead of us.
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I will now call the first item, item 277, and will ask the minister to give us
an opening statement.
WATER RESOURCES BRANCH
Item 277 Water Resources Branch—Administration, operation and maintainance
including Canada’s share of the expenses of the international executive
council, world power conference and authority to make recoverable advances
in amounts not exceeding in the aggregate the amount of the share of

the Province of Manitoba of the cost of regulating the levels of Lake of the
G T T RO R TR SO A T8 6 SN e AR e % [ A AN B $ 1,508,354

Mr. Dumas: Mr. Chairman, just beore you call on the minister, I notice
here that in the sixth item of the agenda we will study, under “International
Problems (excluding Columbia)”, involving item 279, we have an item of
more than $98,000 for the Columbia river. It will be hard to exclude. it. Prob-
ably you mean the whole problem of the Columbia river.

Thg CHAIRMAN: We can perhaps discuss it in general, but not in a manner
that might conflict with the international negotiations now in progress. Is
that satisfactory?

Mr. Dumas: Yes.

The CHAIRMAN: Mr. Minister, we want to welcome you here, and first I
would ask if you would mind introducing to the committee the members of
your staff you have present.

Hon. Alvin Hamirton (Minister of Northern Affairs and National
Resources): I will ask Mr. Robertson to do that.

The CHAIRMAN: Yes, Mr. Robertson?

Mr. R. G. RoBErRTSON (Deputy Minister, Northern Affairs and National
Resources): Mr. Chairman, the members of the staff here this morning—they
would not necessarily all be present at all meetings—are Mr. E. A. Cote,
assistant deputy minister; Mr. T. M. Patterson, director, water resources
branch; Mr. J. D. McLeod, chief engineer, operations division, water resources
branch; Mr. K. Kristjanson, secretary, advisory committee on water use policy;
Mr. A. F. C. Sincennes and Mr. M. R. Beauchamp of the water resources branch.

The CHAIRMAN: Thank you very much.
Now, Mr. Minister, would you proceed with your opening remarks?

Mr. HamiLton (Quw’Appelle): Thank you very much, Mr. Chairman.

First of all I would like to say that I welcome this opportunity to intro-
duce to this committee my department’s estimates on water resources.

It seems to me that the committee has made a very wise decision to con-
sider water as a resource of Canada in the broadest possible context, before
looking at the estimates in detail. By following this order, members of the
committee will be enabled to examine the estimates with greater value to
themselves, and I hope that they can carry this information out to the public
at large, because it is obvious to all of us that these next few years will see
some very important decisions made in connection with our waters in Canada.

I have asked officials of my department to make available to the committee
several documents which should be of value to the members of this committee
in examining this subject.

" The first document is a publication of the water resources branch which
was prepared on the occasion of the Canadian sectional meeting of the world
power conference which was held in Montreal in 1958.

Have the members copies of these, Mr. Chairman?

The CHaiRMAN: They have been passed around, Mr. Minister, or mailed
to them.

Mr. HamiLton (Qu’Appelle): The second document is a special article
on water which was written for the department’s annual report of 1955-56.
The third document is Water Power Resources of Canada published on March
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15, 1960. That is the blue one here. The fourth is Hydro Electric Progress in
Canada 1959, as of January 1, 1960.

With air and soil, water is the third essential to the maintenance of life
on our planet. The basic cycle whereby resources of water are replenished on
this earth makes of water and air the greatest of renewable natural resources.
Precipitation—in the form of rain or snow—is followed by storage of water
on or under the soil. Man can then use this surface or ground water, as it is
called, for his domestic purposes, to grow food, to grow fish, to transport goods
or to multiply his own energy in the form of electricity. As the surface or
ground waters run their course they are subject to evaporation and transpira-
tion which lift them to the skies where they are again released as precipitation
to repeat the cycle.

Each year, about 8,000 billion tons of water fall on Canada as rain or
snow. It is estimated that about two-thirds of this annual precipitation may
evaporate or be used by plants. The remainder runs off in streams to constitute
what is called surface water or it seeps through the soil or, as we call it, the
ground—water table.

Canada’s earliest beginnings depended on water. Inland waterways
facilitated trade and transportation. They provided food in the form of fish
and wildfowl. They also provided early sources of energy. It was in 1606 that
one of the first water driven grist-mills in North America was established
near Port Royal by Poutrincourt in what is now Nova Scotia.

Without a doubt, the harnessing of our rivers for transportation of the
riches in fur and timber, followed by the production of vast amounts of
electrical energy for the processing of our vast resources of wood, have been
in the foundation on which central Canada’s prosperity has been based. Water-
borne transportation and hydro-electric power still play a dominant role in
Canada’s economy.

While Canada is a land almost surrounded by water, I think it would be
wise to restrict our consideration on this subject to fresh water supplies.

Canada is blessed with more fresh water than any other nation in the
world. About 7 per cent of Canada’s surface consists of fresh water. The
growing use of water is an essential companion of our progress as a nation.
The most commonly used raw material of industry is water. A large papermill
uses every day about the same amount of water needed by a city of 50,000
people. 65,000 gallons of water are required to produce one ton of finished
steel. Clearly, then, the manner in which Canada’s water resources are managed
will determine, in a goodly measure, the extent and future of Canada’s future
progress and the standards of living of its people.

With the exception of certain sections of mid-western Canada, nearly
every part of Canada is endowed with surface water and indeed, to some
extent, water power resources. For over 65 years these resources of surface
water have been inventoried and measured. The inventory of surface water,
in cooperation with the provinces, has been intensified and developed fairly
rapidly of recent years. Recently, this government decided to intensify the
investigations into ground-water resources. It has also begun to examine some
of the characteristics of surface water, which affect the flow and use of water,
namely sedimentation. There is not yet enough inventorying and sampling
being done of Canada’s surface and ground-water supplies. This is a long-
range matter.

As our population and economy expand, the need for planned develop-
ment of Canada’s water resources becomes evident. It is apparent that the
prime responsibility in this field is one which rests with the provinces as far
as their territories go. The prime responsibility for the development of water
resources of the two northern territories rests with these territories and the
federal government. Prior to 1930, Canada administered, among other natural
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resources, the water resources of the prairie provinces. Under federal acts
passed in 1912 and 1913, Canada passed to the control of British Columbia
the administration of all unrecorded waters in the “railway belt” and of the
Peace River bloc in British Columbia. By agreements which were explicitly
confirmed by amendments to the British North America Act, Canada trans-
ferred the interest of the crown “in waters and water powers” within each of
these provinces to the provinces.

South of the 60th parallel, the responsibility to develop streams and waters
is primarily that of the provinces. They must plan to develop domestic and
industrial supplies of water. Irrigation, power, flood control, abatement of
pollution, recreational uses of water are the provinces’ prime responsibility.

| The federal government, in turn, has a responsibility to protect and develop

i.nlzs}nci. ﬁ.sher.ies, to_ protect the navigability of streams and, by virtue of its
jurisdiction in agriculture, a responsibility to ensure an adequate supply of
water for agricultural purposes. In the international field, the federal govern-

ment has a responsibility to ensure that boundary waters are not polluted
to the detriment of health.

Clearly the federal and provincial legislatures have complementary respon-
sibilities as regards the use and quality of Canada’s fresh water supplies. Pre-
cisely because the need has not become manifest until recently and because of
the c%ivided responsibilities, there have not been in Canada the sort of compre-
hensive basin studies covering the multiple use of water.

I am going to digress for a moment here. These are recent publications in
the United States. This one is by John V. Krutilla and Otto Eckstein on “mul-
Flple purpose river development—studies in applied economic analysis.” That
1s an example of the type of thing we lack in Canada. This is an American
publication.

Another publication prepared by the government of the United States is
the report to the inter-agency committee on water resources, and is “proposed
practices for economic analysis of river basin projects.” That is an example of
governmental activity in the United States which we lack in Canada.

These are only two of a number of pieces of literature which could be
pointed to as examples of how other countries are moving forward on the
examination of rivers as a river basin system.

It is true that we have admirable hydrometric studies prepared by my
department’s water resources branch. These cover a vast number of rivers and
bodies of water of the Yukon, Fraser, Columbia, Mackenzie, Nelson, St. Law-
rence, Hamilton and Saint John river basins—to mention just some of them.
Canada is fortunate in having, spread across the nation, in the various prov-
inces and among the federal government officials, a number of highly qualified
individuals who know a great deal about each one of these river basins. But
even in the federal government, this knowledge is disseminated throughout
several departments. When it comes to irrigation uses of water, the Depart-
ment of Agriculture has very knowledgeable officials. On hydrometric sur-
veys, on the hydraulic use of water and on a number of other related subjects,
officials of the water resources branch have a national and international reputa-
tion. Equally respected as regards the levels of the Great Lakes and ground-
water determinations are the officials of the Department of Mines and Techni-
cal Surveys. Officials of the Department of National Health and Welfare are
very knowledgeable regarding the possible damage to health arising out of
pollution of national and international streams. Pollution of Canada’s fresh
water supplies is a matter of deep concern for members of the departments of
Fisheries and of Transport, as well as to the members of the Canadian wildlife
service. The Department of Public Works and the Department of Transport
share an abiding interest in the navigability of waters. All these interests are
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brought in focus, among federal officials, by means of an interdepartmental
body known as the Advisory Committee on Water Use Policy.

The point I should like to make, however, is that this is a means of bring-
ing into focus only the federal interests in water. What body is there, in
Canada, to bring into focus the viewpoints of the provinces—as between them-
selves—and the provinces together with the federal government in their diverse
responsibilities?

Apart from the fact that there is no one body or no group of regularly
constituted bodies, save one which I shall refer to later, there are no individuals
who have become, in Canada, authorities of river-basin management. We
have no foundations in Canada which have supported such individual studies
of the problems involved in the multi-purpose basin developments. We have
not yet developed in Canada men such as Krutilla and Fox and others in the
United States who have studied these matters and pointed the way to our own
developments. I am referring to these authors here.

The development of our rivers must be planned to provide for domestic
and industrial water supply, irrigation, recreation, power, navigation, flood
control, pollution abatement, fisheries and other uses in such a way as to
provide the maximum possible benefits to the nation.

Sound river basin development requires a clear recognition of the multi-
purpose aspect of the problem. It requires the integrated planning of a single
river basin as well as the coordinated development of several river basins within
a region,

A river valley is a convenient natural area for the development of a regional
conservation program because every aspect—soil, water and vegetation—is
interrelated. If floods are washing away the soil, the forestry and farming
practices should be reconsidered, and dams built to .store the flash run-off of
water. Large bodies of stored water offer possibilities for navigation, fisheries
and recreation, and for the development of hydro-electric power. Alongside
an improved agriculture, therefore, there may be built a new industrial complex,
thus providing the balance of agriculture and industry most conducive to
human welfare. This cause and effect is the basis for the planned development
of river basins.

It might be useful to make a brief survey of the various regions of Canada
and to point up in passing some of the emerging problems. This may help in
the later examination and identification of some of the more urgent problems.

In the Pacific drainage area, such rivers as the Fraser and the Columbia
require careful management and development to meet the needs of an expand-
ing economy in that part of Canada.

The Fraser river is one which, traditionally, has provided not only a valued
means of transportation but great wealth through the salmon fisheries. How-
ever, from time to time it has caused havoc to the alluvial lands on the lower
mainland. One of the major problems has been to find ways of controlling the
floods while preserving the navigability and fisheries of that river. The joint
federal-provincial Fraser river board—which was reconstituted in 1959—is
considering what means can be used to control the flood waters at an economic
cost consonant with the preservation of the essential character of the river.
It is thought that dykes built in conjunction with hydro-electric works on the
upper tributaries of the Fraser could achieve this. However, studies costing close
to $2 million will have to be carried on by this board between now and
September 1, 1963 before a decision can be made on the means of controlling
these recurrent and disastrous floods.

The Columbia river problem is extremely complex. At present, Canada
and the United States are engaged in negotiations to determine how best to
develop the potential of this river from the viewpoint of both countries. Once
agreement is reached on the sharing of hydro-electric and flood control benefits,
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each country will have to determine, according to the laws prevailing in their
respective areas, how best.to develop the water resources to meet the domestic,
irrigation, flood control, water power, fishery, wildlife and recreational require-
ments of the region.

If one looks now at the Saskatchewan-Nelson system to the east of the
rockies, one will find a whole new set of problems. When that basin was under
the administrative control of the federal government together with the adjacent
Northwest Territories region, there was unified control of development. The
development may not have been perfect. It probably kept pace with the needs
of the area. Since 1930, a new situation has developed. Now Alberta, Saskatche-
wan and Manitoba each own a segment of that basin. This may create serious
problems in the basin unless the provinces concerned take concerted action
to solve them. The prairie provinces water board, consisting of representatives
of the three prairie provinces and of the federal government, has made some
useful preliminary recommendations on allocations. These have been, to date,
accepted by the four governments.

{— It does seem, however, that the population pressures are mounting on
the prairies. Water being far less abundant than in other parts of the country,
bitter quarrels can develop over this staff of life unless the provinces can solve
the incoming problems. No permanent solution can be found, however, unless
the basic facts are ascertained. How much surface and ground water is there
available? What level of population, agriculture and industry can this water
support? What are the best uses to which this water can be put? Have domestic
uses of water, sanitation uses, irrigation uses, priority over power? What
provision should be made for future navigation? These problems are unique
only in their geographical context. They have arisen in adjacent areas of the
United States. They have arisen in other countries of the world. However, it
is only the people of the area, the people of Canada, who can solve these
problems by first getting to know them and second by applying good sense in

L_solving them.

Once you move eastwards from Manitoba, the streams do not cross the
international boundary as they do, by and large, in the west. From Manitoba
eastwards, streams and large bodies of water form the boundary with the
U.S.A. They become, generally speaking, “boundary waters” and the rules
regarding their use have been clearly set forth in the “boundary waters treaty
of 1909” between Canada and the United States. Broadly speaking, each country
has, in the words of the treaty, “equal and similar rights in the use” of bound-
ary waters. Rules are set forth for disposing of these matters either by inter-
national agreement or through the International Joint Commission.

At this point, I should like to say that, over the years, we Canadians have
sometimes tended to underestimate the invaluable work of this commission.
We have sometimes begrudged the time it takes to solve problems. If time is
necessary, it is in order to avoid arbitrary decisions. The commission has an
outstanding record of achievements over many decades. Problems have been
solved by giving people a forum to air their complaints, for studies to be made
and for reasonable solutions being advanced. I should like to pay a warm
tribute not only to General McNaughton and Messrs. Lucien Dansereau and
Donald Stephens, the Canadian commissioners, but their distinguished United
States colleagues, Messrs. Eugene Weber and Francis Adams. All these men
devote long hours to the solution of problems which would otherwise be left
to bedevil the good relations between the United States and Canada. The com-
mission, as a quasi-judicial, recommendatory and fact finding body, has played
a far greater role in settling grave water problems between two nations than
most Canadians or Americans would be prepared to believe.
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The problems of the great lakes—St. Lawrence are legion. The great lakes
constitute such a tremendous reservoir that the flows do not vary as extrava-
gantly as they do, for example, on the west coast. However, the density of
population and the high degree of industrialization of areas bordering upon
the great lakes render imperative the effective use of the water available to
meet the requirements of water supply, navigation, water power, fisheries,
agriculture, recreation and foreshore interests. The wondrous spectacle of
Niagara Falls has to be preserved for future generations and special hydraulic
measures have been undertaken.

The Saint John valley is another example of the problems incurred by
man’s insistent demands for energy, inexpensive transportation and recreational
opportunities. Bearing in mind the multiple use of this basin, the federal and
provincial governments established in March 1959 the Saint John river board.
New Brunswick and the federal government are now investigating how the
present and future power developments in New Brunswick would be affected
by the development and operation of storage on the upper Saint John river
and its tributaries. We hope to obtain a report on this subject by the end of
June 1960. By this means of cooperative action with a province, we hope the
water problems can be studied and solutions found for them.

In the past half hour or so, Mr. Chairman, it has not been possible to
do more than to underline a few of the complexities of the water problem, its
impact not only on the provinces but on whole regions of Canada, and to
indicate some of the emerging problems.

It is my hope, Mr. Chairman, that this committee will examine all facets
of the “water problem” in Canada. And I want to say that upon the cooperative
solutions which are found will rest a good deal of the future well-being of our
nation.

The CrHAIRMAN: Thank you very much.

Mr. AkeN: Mr. Chairman, I also would like to thank the minister for
his statement. I wonder if he could enlarge on the division of responsibility
between the provincial and federal government in this connection. I am sure
this is going to keep coming up from time to time, as we proceed. For an
example, I had in mind the Fraser river basin, which is entirely within one
province. Using that as an example I wonder if the minister could enlarge on
this just a little so that our minds might be clear, if it is clear.

Mr. HAMILTON (Qu’Appelle): The last conditional clause, if it is clear,
points up the issue better than anything I can say. We have so recently put
our minds to this question of water resources and their management that
the constitutional position has not been made too clear.

In answering your question in regard to the Fraser river, the river is
entirely—with the exception of one or two of its tributaries—in the province
of British Columbia. Therefore, it would appear to be purely a provincial
responsibility. However, there are clauses in the British North America Act—
sections 91 and 92—which have not been used too extensively in Canada, but
which might have a bearing on it. I will read them to you, with the idea of
not putting myself up as an authority but with the idea of indicating just
what the constitutional framework for responsibility is.

Sections 91 and 92 of the British North America Act confer on the federal
government the right to make laws for—and I quote—

The peace, order and good government of Canada.

And:
Such works as declared by the parliament of Canada to be for the
general advantage of Canada or the advantage of two or more of the
provinces.
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I think this indicates that there may be a complementary responsibility.
Therefore, the next step in our reasoning might be—what has been the prac-
tice? Well, in the case of the Fraser river, the practice so far has been the
cooperation in the form of the Fraser river board, which is a joint financial
responsibility of the two governments to study the basin. So far there has
been no federal commitment beyond the study. However, as I indicated in
my opening remarks, we do have a federal responsibility in connection with
fish, navigation and those which deal with some aspects of agriculture, such as
irrigation. So, on those three grounds, the federal government constitutionally
has an interest in the Fraser river. But the two governments are moving very
cautiously on this Fraser river board, not wanting to transgress on the rights
of the one or the other. I think this is where the realm of common sense
comes in. I hope the two governments can deal with this matter with the
attitude in mind of cooperating for achieving for the people along that river
basin its maximum benefits.

Now, that is one example. I do not want to get into other touchier fields
in too much detail. However, another example was hinted at in my opening
remarks—that in the days when the prairie provinces and the Northwest
Territories were under the federal government it would have been simple to
work out an over-all physical and economical study. However, we have
decided today—and rightly so—that the resources within a provincial boundary
belong to that province. However, obviously there is coming a pressure of popu-
lation, both domestically and industrially, for the use of that water, which
makes it mandatory for the three provincial governments concerned and the
federal government to get down and see if they cannot work out some sort
of a common sense solution to the difficulties which are not only on the horizon
but are on our doorstep. The prairie provinces water board does have cases
put before it and they do make allocations of the water of the Saskatchewan
and Nelson system, but so far there has been no clear-cut division of the
waters of that basin, nor do I think there has been any physical study of the
river basin as a whole. Obviously, so far, there has been no economic study
of the river basin as a whole, and this physical and economic study that is
lacking concerns itself with agriculture, forests and the run-off from moun-
tainsides, and the use of the water along the river. This is going to be one
of the major problems which might cause dissension in western Canada, and
the need is obvious for some form of cooperative and coordinated attack in
order to arrive at common sense decisions on the use of water.

The situation in eastern Canada is not quite so complex because the
waters of Ontario are pretty well controlled by the international waters which
are under the International Joint Commission, the two governments, and by
the province itself. But, I am sure that there are matters that may arise in
the future between the provinces of Quebec and Ontario and between the
provinces of Manitoba and Ontario concerning the use of waters in their
areas which cross provincial boundaries. There is cooperation at the present
time between these three governments and, I trust, it will continue.

Now, in the case of the maritime area, you have rivers which cross pro-
vinecial boundaries between Quebec and Labrador, and rivers that come out
of Quebec and through the United States and into New Brunswick; that is
an interprovincial and international problem.

So, generally speaking, with this pressure of population, with all its re-
sulting needs, it seems evident that the time is here when committees like
this one and, I hope, committees all across the country, will begin to look
into this question of river basin study, or an overlapping study of regional
studies of water resources in that area.

Mr. Srocan: I have a specific question in regard to soil erosion along
the banks of the Red river. It is a navigable river, and the soil erosion arises
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from four factors. First, it is a very winding river; the current is very strong
and it hits one bank, reaches that bank and turns and hits the other bank.
Secondly, another reason is the flooding in the spring, which causes bank
erosion. Then there is the question of navigation—the waves lapping on
the shore when the boats go through. This causes erosion. The fourth is
the locks at St. Andrews. When they are lowered in the fall the difference
in the water level causes erosion. I have a lot of people down my neck in
regard to this, because a lot of their houses are practically falling into the
river. Who is responsible? Is that the responsibility of the federal or pro-
vincial government?

Mr. HAMmILTON (Qu’Appelle): I think that is a clear case of ‘complement-
ary responsibility. The fishing interests are not so very large on the Red
river, but there is this interest in navigation which the federal government
has. And then also the federal government has this interest in agriculture
which along the Red river suffers from very disastrous floods.

There is a city called Winnipeg, in the path of that river, and that is
where the maximum damage occurs in the flooding.

There is another argument which you have not mentioned, that most of
these waters which come down and flood the river do not originate in Canada.
That is one of the unsolved problems that is presented. Now, just what is the
position?

I might give you a precedent for this, but I do not think it would work
out in the case of the Red river because the effect has been going on for too
long. But in the matter of building storage reservoirs on the Columbia river,
we hope to collect payment from the United States for preventing flooding
in downstream flows. So this is a cooperative deal between the two countries.

It has not yet been posed, to my knowledge, on the Red river. So I think
the answer to your question is that it is a complementary responsibility. That
was, I think, the main reason the federal government accepted the same
financial responsibility in relation to Manitoba flood control measure, as was
recommended in the report of the royal commission of 1956, I think it was.

Mr. SLocan: The Manitoba government made it clear that it would be
very economical to build a dam across the Red river at Emerson, but that it
would flood out Minnesota and North Dakota. So I think the federal govern-
ment has a certain responsibility in it.

Mr. KinpT: Might I ask the minister about soil conservation, just to clarify
the thinking on responsibliity. For instance, on farms you have soil erosion
and the need for water conservation. Well, soil erosion leads to damming
streams, and all the rest of it. Might I ask if the practices which are needed
on farms to control soil erosion are federal or provincial matters?

Mr. HAMILTON (Quw’Appelle): I always qualify my remarks with the fact
that I am no authority on this subject: but generally speaking I think that
flooding and irrigation fall within the local areas of the province, and that
the agricultural area could be looked at as a provincial responsibility.

Two acts were passed by the federal government, I suppose under the
provision relating to the best interests of the national well being, the first of
which is called the Prairie Farm Rehabilitation Act, which deals with the
lower part of the prairies and part of the rivers only, and the second called the
Maritime Marshland Rehabilitation Act. These are one-hundred-per-cent fed-
eral activities which do carry out certain practices which, first of all, store
water for the use of farm families, and secondly, do preserve water from
passing downstream. The main reason for them is to supply and provide water
for irrigation, the watering of cattle, and so on. That in substance is about the
limit of my knowledge on that question. But generally speaking most of the
provinces have conservation acts which deal with flooding and with the
damming up of water in the provinces.
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Mr. SrmpsoN: Mr. Minister, in regard to water pollution of an inter-
provincial stream, going back a few years ago you will recall the trouble on the
Saskatchewan river when I think it was eventually decided that there was
industarial waste from the city of Edmonton. Do you know if this question was
officially resolved strictly through the provincial bodies, or did the federal gov-
ernment come into the picture at all? I ask this question because I have seen
something of the same nature in other districts, and I was just wondering
how to get a solution of it in connection with interprovincial waters.

Mr. HavarLtoN (Qu’Appelle): With the same qualification that I stated
as a prelude to my answering the previous question, I am not an expert in
these matters. But if my memory serves me correctly, first of all the federal
government has firmly stated, I think, that they disclaimed responsibility in
the case of Alberta and Saskatchewan; and I believe, if I remember correctly,
that the Alberta government was rather reluctant to take steps—strong steps.
But I think the final solution came when the company did take certain steps
which tended to reduce the amount of pollution.

I might say that because of the touchiness in this type of thing, and the
responsibility between the provinces and upstream and downstream users,
that it bears out my contention for the need for more cooperation between the
provinces in these problems, when we might sit in as an honest broker, trying
to arrive at an equitable decision of these matters. Everyone who hears of it
in Canada accepts the proposition that the province should have control over
its own natural resources. But the fact is that such things as pollution do not
always stop at meridians, longititudes, or provincial boundaries. They go
across; they cut across river basins and through regions.

Therefore the time has come in the eyes of people of the twentieth century
to sit down and work out cooperative solutions for these problems. It may be
that the answer in the west lies in giving the water to the prairie provinces to
a water board, a quasi judicial board, to which all governments and individuals
could refer problems, which board would see that orders were carried out.
That is, the province would still control its own waters, but it would delegate
part of its rights to a quasi judicial body.

The other solution of course is the far-reaching solution to set up a river
authority, and to place matters relevant to the use of waters in that river in
their hands, with very large powers. These seem to me the two alternative
courses that any solution would tend to follow, or would tend to recommend.

Mr. KorcHINSKI: Did I understand the Minister to say that it was in 1930
that the prairie provinces were given the rights to their own natural resources?

Mr. HamartoN (Qu’Appelle): The two provinces of Alberta and Sas-
katchewan.

Mr. KorcHINSKI: What act or agreement was it that set that out?

Mr. Haminton (Qu’Appelle): There was federal legislation. I think it
was called the Natural Resources Transfer Agreement. I understand that Mani-
toba was also in there. This was an act of the federal government and it was
confirmed by an amendment to the British North America Act.

Mr. KorcHINSKI: Is there someone here who could give us a rundown of
the agreement that was set up at that time?

Mr. Hamiuton (Qu’Appelle): That.is a very difficult question, but while
my people are getting their information collected, I can give you what I know
of -it historically.

In 1905 when the provinces of Alberta and Saskatchewan were carved

out of the territories, their natural resources were reserved to the federal
government.
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This precipitated a long difference of opinion between these provinces
and the federal government. This political difference was resolved in 1930
by the passage of the Natural Resources Transfer Act which gave to the two
provinces their natural resources.

Previously, in British Columbia, there had been an order reserving the
general resources for the federal government along the railway belt. But
Ottawa turned them back to the province of British Columbia in 1912 and
1913. That is the background as far as the western provinces are concerned
with respect to natural resources.

In the eastern provinces, under the British North America Act there was
listed under the various sections the powers of each of the original joiners
of Confederation, and that is why they never had this difficulty with the
federal government which existed with respect to Alberta and Saskatchewan
and the federal government particularly.

Mr. KorcHINSKI: Does this agreement set out to what degree the federal
government will participate in the development of those resources?

Mr. HaMmILTON (Qu’Appelle): No, it just says which powers the provinces
have and which powers the federal government has, and that residual powers
belong to the federal government.

The CHAIRMAN: Are there any general questions which can be asked
of the minister? If so, we would appreciate having them now. I think the
steering committee will work out a plan of attack, as you might say, on this
question of water resources, and we will probably deal with them by regions,
by drainage systems, or in some form like that so that we may deal with each
one of them is of interest to any member of the committee, fairly and fully.
Are there any more questions on general policy?

Mr. McFARLANE: Mr. Chairman, I would like to ask the minister whether,
in the case of international rivers, the international section of the river come
under the jurisdiction of the province or of the federal government? I think
my question is supplementary to Mr. Nielsen’s, but I do not think the answer
to his question was quite what I was looking for.

Mr. HamiLToN (Qu’Appelle): Do you define an international river as one
which runs along the boundary? Is that what you mean, or is it one which
crosses a boundary?

Mr. McFARLANE: No, I mean one that crosses the boundary.

Mr. HamintoNn (Qu’Appelle): There is a difference. To which do you
refer?

Mr. McFARLANE: I suppose the Columbia may not be discussed at this
time? -

Mr. HAMILTON (Qu’Appelle): Oh yes, you may discuss the Columbia
as long as you do not go into the subjects which are under negotiation.

Mr. McFARLANE: Relating then specifically to the Columbia river, does
the Columbia river in British Columbia come under federal or under provincial
Jjurisdiction?

Mr. HAMILTON (Qu’Appelle): It is under provincial jurisdiction, but there
is an overriding boundary waters treaty or act of 1909. It evolved the theory
that waters originating in one country belong to that country. This was a new
theory in British law.

Then in 1943 or 1944 there was a reference to the International Joint
Commission about the Columbia river. That did not refer to a river between
two countries. The province of British Columbia went ahead and began to
make arrangements to develop the Columbia river. In 1955 the federal govern-
ment interfered by passing the International River Improvements Act, which

22596-1-—2
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reserves the power to the federal government,—because it is a river which
passed over the boundary,—to license international river improvements so as
to ensure that the waters originating in Canada are developed and utilized in
the national interest.

This act was passed on July 11, 1955. The act does not apply to inter-
national river improvements constructed under the authority of an act of the
parliament of Canada, nor to the improvements stated within boundary waters
as defined by the boundary waters treaty of January 11, 1909. That is why 1
think there is a difference. This is an international improvements act, and it
refers only to rivers which cross a boundary, and not to boundary waters.

Mr. McFARLANE: As to the section of the Columbia river which is entirely
within British Columbia, does it come under federal jurisdiction, or does it
come under provincial jurisdiction?

Mr. HAMILTON (Qu’Appelle): It comes under both jurisdictions. They have
a board which licenses improvements on the river. But we have the right
under this International River Improvements Act to license, as well. And
what we do is to consider any projects proposed to see if they are in the
national interest. So we do have a type of veto over any improvements on
that river.

Mr. McFARLANE: Actually the responsibility lies with the province?
Mr. HaAMILTON (Qu’Appelle): Yes.

Mr. McFARLANE: I have a problem in that area with the Kicking Horse
river where it joins the Columbia river. Due to silting it carries refuse down-
stream which creates a problem right where it joins the Columbia. Part of
that area could possibly be flooded due to this silting.

The angle I am getting at is, where does the responsibility lie? Apparently
this was brought to the attention of the boundary province and of the federal
authorities, and we are not getting anywhere.

Mr. HamintoN (Qu’Appelle): Under the definition I have been trying to
put forward today I would say that this is a provincial responsibility, but I
think we have the negative power of licensing any improvement on the river.
But it is their responsibility to propose the work, and as long as it does not
hurt anything in the national interest, we accept it.

The CuamrMAN: The Kicking Horse'river originates in one of the national
parks. What is the federal responsibility there? If you cannot answer the
question today, Mr. Minister, all right.

Mr. KinpT: I would like to ask the minister another question. We would
not get very far in this discussion before we got into the question of
vegetative coverage; I mean forests, farms, and the vegetative cover to retard
water runoff and to prevent soil erosion. Whose responsibility is it? Is it
that of the dominion or the provinces, to get into this question which concerns
vegetative covering? This is a vital issue, and a lot of our discussion in this
committee will center around it.

- Mr. Hamirton (Qu’Appelle): Using once again the definition I have just
given, if that forest covering lies within the provincial boundary, then it is
the responsibility of the province. But the federal government would assure
its concern in this matter. Some years ago the federal government entered
into a joint agreement with the province of Alberta to have joint development
of the eastern rockies under a board known as the Eastern Rockies conservation
board. The capital expenditures have been made and the province supervises
the operations of that board. We do have one member on it now and the province
has two. So we just keep an eye on their activities to protect the federal invest-
ment in an attempt to protect that watershed. It is a provincial responsibiliy,
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but the federal government has a great interest in it because the headwaters
of all the prairie rivers come from that eastern rockies conservation board area.

Mr. AikeN: I have been trying to sort this out. Perhaps the minister will
tell me whether or not I have sorted it out correctly. In a lot of these matters
such as the Fraser river for example, conservation, as the maintenance of a
national resource, is the responsibility of the federal government and the federal
government has the power to move in where the national interest is involved—
but not necessarily the responsibility in a lot of these things—under the general
clause for peace, order and good government of Canada. Is that a fair state-
ment?

Mr. HaMmILTON (Qu’Appelle): It is a statement which has not been dem-
onstrated in practice. I did read those sections 91 and 92 which quote the
good order clause of the British North America Act. I have tried to make it
clear here that the responsibility for all the resources within a provincial
boundary is on the province. They have jurisdiction over management. How-
ever, a thought which I would like to express is that perhaps the time has now
come when the provinces should get together on problems of a regional nature
in order to discuss the resources in that area to get the maximum advantage for
all concerned. The federal government does have an interest in this. We have
taken the lead in calling the provinces into conference with us preliminary to a
conservation conference at which all these problems which we have before us
now will be discussed. It is the objective of the conference, within the terms
of the B.N.A. Act where all resources belong to the province, to suggest
a series of principles under which governments at all levels, and other agencies
of government such as conservation boards, can act. I should have included in
that statement private business as well.

I think that indicates the attitude of the federal government. First we
recognize that the ownership and management responsibility of these resources
belongs to the provinces, but in this modern day with the pressures of popula-
tion on our navigation and bodies of water we have taken the lead in trying to
get the provinces to come together and work out these principles which will be
for the general good.

In other words, there is no big stick technique which I think was inherent
in your question. It is rather a question of leadership so that responsible
sovereign bodies can make decisions in respect of their own and other problems
nearby.

Mr. AIKEN: In several cases you have mentioned where the federal govern-
ment has moved in to assist where they thought the national interest was in-
volved in cases where they would never accept responsibility. You mentioned
some instances in the prairies and in the maritimes where the federal govern-
ment did move in to help in the situation.

Mr. HaMmILTON (Qu’Appelle): Yes. I think that is compatible with what I
have said. The federal government has a great interest in this and does feel
the necessity in the national interest to assist. We have done it in Ontario as
well.

The Conservation Act which is under review in these votes is one where
we have helped out in four or five cases in Ontario to conserve water. There
is no responsibility on the federal government, but in the national interest
we do offer assistance.

Mr. KorcHINSKI: I would like to clarify something. Any legislation which
may be brought in in the future would have to be in a manner in which the
federal government merely cooperates with the provinces. It seems to me the
provinces have the right over their natural resources.

Mr. HAMILTON (Qu’Appelle): What you say is essentially true with the
exception of waters which comprise a boundary. In that case we have an
international responsibility.
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Mr. DoucetT: Is there anything defining the responsibility in respect of
navigable waters such as Lake Ontario, where there are great inroads which
take away buildings, transportation arteries and so on? In the past there has
been great argument as to who is responsible and it generally goes on until
some houses disappear, a road disappears or something like that. It also happens
in Lake Huron. In those two places, Lake Ontario and Lake Huron, there has
been great erosion of huge quantities of soil and there are places in which it
goes inland probably a quarter of a mile.

Mr. HAMILTON (Qu’Appelle): It is very difficult to give an answer. As I
am not an expert I will have to qualify my answer. Generally speaking, how-
ever, the resources do belong to the province and we have responsibilities, for
instance, for navigation. So there is a complementary responsibility. There
is another factor. Certain things are just caused by nature for which no one is
responsible; it is an act of God, a subject in respect of which I do not think
the constitutional lawyers ever decided—as to who is responsible for an act
of God.

I think you all know that Lake Ontario is settling a little in the east end.
This causes a change in the water levels. So far as I know, no government,
either federal, provincial or international, accepts the responsibility for this
shifting of the earth’s structure at the bottom of the lake. This is a question
which is away over my head.

Mr. DouceETT: I have often wondered whether or not the pumping of
thousands of tons of sand out of Lake Ontario changed the condition of the
water and caused some of the erosion. I do not know; I am not an expert either.
In the summer they go in there with barges and they take out large quantities
of sand for building purposes and so on. From the standpoint of a layman it
would appear that might change the general condition.

Mr. HaMmiLtoN (Qu’Appelle): You 'are referring to an engineering aspect
on which I am not an authority. Might I ask Mr. Patterson, who does the studies
for me and who has done a remarkably good one recently, to speak on the
general aspects of these questions in respect of the physical changes in a lake
like Lake Ontario.

Mr. T. M. PartersoN (Director, Water Resources Branch, Department of
Northern Affairs and National Resources): Mr. Chairman, Mr. Minister, and
members of the committee, with regard to the question which was just asked,
as I understood it, it was as to what effect the dredging out of large quantities
of sand from the lake bottom would have on the surrounding areas and whether
or not it might cause additional erosion.

Mr. DouceTrT: Yes.

Mr. Parterson: Actually while the quantities of sand may seem quite
large in a body of water like Lake Ontario or Lake Huron, they are infinites-
imal. At the outlet of Lake Huron there has been considerable dredging and
boring of sand and there has been improvement in the navigation channels
through the lower levels. This dredging in the navigation channels has been
done by the United States at their cost and after consultation with Canada.
Based on studies which were made as to what effect that might have, they did
put in compensating works in the river channel in the form of underwater
dykes which were not in the navigation channel proper, but in other sections
of the river, so that Lake Huron would not tend to lower due to the increased
outlet capacity in the navigation channels. In so far as it has been possible
to study that question, the effects of any work in recent years have been
fully compensated for through the construction of these dykes and other means
which have been taken.-

The CrAIRMAN: Thank you very much, Mr. Patterson. I think we will
have an opportunity to go into these problems in more detail at a later date
when Mr. Patterson will be with us.
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Mr. Simpson: I was wondering whether or not there has been any recent
change or any recent acceptance of the definition of navigable waters? I am
saying this because it might be wise for the committee to take a look at the
definition, or the accepted definition of navigable waters due to the opening
up of certain areas in the north. We have waters up there in respect of which
it might be difficult for us to know whether or not they are acceptable as
navigable waters.

Mr. HamiLtoN (Qu’Appelle): The only suggestion which comes to my
mind in answer to that question is first of all I think I would like to take it
as notice so that we might prepare some sort of a story for the committee in
respect of what has been the definition in the past and then apply it to the
future. Secondly, there is an international responsibility on navigable streams
and this could be reported in the same paper.

If T had a clear indication from Mr. Simpson as to just what particular
problem he is thinking of, I could probably try to answer that in the report.

Mr. Smmpson: It is a little difficult to explain. However, there is the Red
river in Manitoba. I know the river very well. We all call it a navigable
water. We have many streams in the northern part of the province which
may be far more navigable than the Red river. I would like to know, for
instance, if they are classed as navigable waters.

Mr. HamiLToN (Qu’Appelle): I think the answer to that is if they are
navigable they are navigable waters.

Mr. Stmpson: Navigable for what size of shipping?

Mr. HAMILTON (Qu’Appelle): On that point this comes to my mind: In
the days of navigation on the northern rivers it was mostly done by canoes and
bateaux, and on the Mackenzie river it was by steamboat and tugs. The Yukon
river until recently was navigated by grade 2 and 3 steamers, paddle wheel
steamers. When we built the bridges across the river we assumed the river
was navigable and the bridges were a height which would allow what we
thought would be the type of navigation on the river. I think that is a tech-
nical test which has been applied. It is obvious when they built a bridge
across the St. Lawrence it was built to carry the big ocean steamers, so the
pragmatic test is the improvements on the rivers.

Mr. SLogaN: When you are presenting the report woulq you also .include
the responsibility of the federal government over navigable rivers, particularly
as it affects the problem of erosion on the banks.

Mr. HaMILTON (Qu’Appelle): Yes. We could add that to the report.

Mr. AIKEN: At one time I had the opportunity of looking into this subject
of navigable waters and I have never seen a definition other than something
like this, that a navigable water is one upon which navigation can be carried
on. I do not think it has ever been defined.

Mr. KinoT: Would it be possible for the department to provide us with a
copy of the 1930 act which turned over the resources to the prairie provinces,
Alberta and Saskatchewan.

Mr. HAMILTON (Qu’Appelle): Yes.
Mr. KinpT: Thereby we would have the background.

The CHAIRMAN: Gentlemen, this room is required for another committee
meeting at 11.00 o’clock. You can see that we have many conundrums facing us
in the discussion of these estimates. I would like to meet with the steering
committee—I will call them as soon as possible—so that we can plan our dis-
cussions. We hope to try and get General McNaughton here at our next meeting,
which will be next Monday at 11.00 o’clock.
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Our meeting days and hours are Monday at 11.00 o’clock and Tuesday
at 9.30. In the meantime, if you will give some thought, especially those of
you on the steering committee—or anybody else who has any ideas—to some
plan of procedure. A motion for adjournment, please?

Agreed.

Committee adjourned.
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MINUTES OF PROCEEDINGS

MonpAy, March 28, 1960.
(3)

The Standing Committee on Mines, Forests and Waters met at 11.00
o’clock a.m. this day. The Chairman, Mr. H. C. McQuillan, presided.

Members present: Messrs. Aiken, Cadieu, Coates, Doucett, Fleming
(Okanagan-Revelstoke), Gundlock, Kindt, Korchinski, MacRae, Martel,
McGregor, McQuillan, Mitchell, Muir (Cape Breton North and Victoria),
Nielsen, Payne, Robichaud, Simpson, Slogan, and Stearns—(20).

In attendance: From the Department of Northern Affairs and National
Resources: Mr. E. A. Coté, Assistant Deputy Minister; Mr. T. M. Patterson,
Director, Water Resources Branch; Mr. J. D. McLeod, Chief Engineer, Water
_ Resources Branch, Dr. K. Kristjanson, Secretary, Advisory Committee on
Water Use Policy.

The Committee resumed its consideration of the 1960-61 estimates of the
Water Resources Branch of the Department of Northern Affairs and National
Resources.

Copies of the following documents requested at a previous meeting were
distributed to the members of the Committee:

The Alberta Natural Resources Act, 1930

The Alberta Natural Resources Act, No. 2 (1931)

The Natural Resources Transfer (Amendment) Aect, 1941

The Alberta Natural Resources Transfer (Amendment) Act, 1945
The Railway Belt and Peace River Block Act (1930)

The Manitoba Natural Resources Act (1930)

The Manitoba Natural Resources Transfer (Amendment) Act, 1948
The Saskatchewan Natural Resources Act (1930)

The Saskatchewan Natural Resources Act, No. 2 (1931)

The Saskatchewan Natural Resources Act, No. 3

The Refunds (Natural Resources) Act (1932)

The Natural Resources Transfer (Amendment) Act, 1938

The Chairman advised that the definition of navigable waters requested
at a previous meeting will be submitted shortly by the Department of
Public Works as navigable waters are under their jurisdiction.

Mr. Patterson, Director of the Water Resources Branch, read a prepared
statement reviewing the history and responsibilities of his branch and was
questioned thereon.

Mr. Robichaud requested that, in future, when prepared submissions
are to be presented, copies be made available to members of the Committee.

Copies of a document entitled “The Distribution and Measurement of
Surface Water in Canada”, by Messrs. J. D. McLeod and R. H. Clark, were
distributed to the Committee.

Mr. McLeod, Chief Engineer, Water Resources Branch, supplemented
Mr. Patterson’s statement with additional detail on the organization of the
Branch and also dealt with various aspects connected with water resources.

Messrs. McLeod, Patterson and C6té were questioned.
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The Chairman announced that Mr. McTaggart-Cowan, Director of the
Meteorological Service of the Department of Transport, would appear before
the Committee on Friday, April 1; Mr. Fox, a United States authority on water
problems, would attend on Tuesday, April 5, and General A. G. L. McNaughton
would attend during the month of May.

At 1.00 o’clock p.m., the Committee adjourned until 9.00 o’clock a.m.
Friday, April 1, 1960.

» M. Slack,
Clerk of the Committee.



EVIDENCE

MonNpAy, March 28, 1960.
11 a.m.

The CHAIRMAN: Gentlemen, we have a quorum. Initially, we will deal
with a couple of matters which came up at the last meeting.

A request was made for copies of the acts concerning natural resources.
There are twelve acts. Dr. Ollivier has had mimeographed two of them so,
you have a complete set. They are available at this time for distribution
and I would ask that they be passed out to the members.

Also, there is one other matter which I wish to deal with at this time.
Someone asked for a definition of “navigable waters”. I am told that a
request has been made to the Department of Public Works, under whose
jurisdiction navigable waters come, to prepare a definition, which will be
submitted some time later.

Gentlemen, we have with us this morning Mr. T. M. Patterson, director
of the water resources branch of the Department of Northern Affairs and
National Resources, and we will call on him to give us an outline of the
present activities of the branch.

Mr. MARTEL: Mr. Chairman, before we proceed, I would like to mention
that we have in attendance Mr. J. A. Schryburt, director of public relations,
Canadian lumbermen’s association. The lumber industry has a great interest
in water resources because of its influence on the forests and the forests in-
uence on waters. Could Mr. Schryburt have the privilege of attending the
sessions?

The CHAIRMAN: We are happy to have Mr. Schryburt with us this
morning.

Mr. T. M. PATTERSON (Director, water resources branch, Department of
Northern Affairs and National Resources): Mr. Chairman and members of
the committee:

Your decision to hear from officers of the water resources branch at this
time is, to my mind, a good one. Consideration of the estimates of this branch
is one of your ultimate goals and it seems appropriate that at an early stage
you should have presented to you the place which the branch activities take
in the broad program of assessment and study of problems associated with
water that was outlined to you by my minister, the Hon. Mr. Hamilton, at
your opening meeting last week. In a country such as ours with its vast areas,
its variety of soils and vegetable cover, its distribution of population and of
industry in all its forms and, above all, its climatological and topographical
extremes, water problems are legion and may be expected to increase with the
advance of our country.

At today’s session I propose to outline to you in their broader aspects
some of the duties and responsibilities as well as the history of the water
resources branch and to have Mr. J. D. McLeod, chief engineer, follow with a
more detailed account of the branch organization and the manner in which
we carry out our basic responsibility in recording the surface waters of the
country. Mr. McLeod and Mr. R. H. Clark, the chief hydraulic engineer, are
invaluable assistants to me and I credit them together with a hard working
and efficient staff with the degree of success that I consider we have achieved
and are achieving in our undertakings.

25
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Mr. Clark, who received a severe shaking up in the accident which resulted
in the death of Mr. Tom Foley recently, is presently catching up on an urgent
assignment but will appear before you at a later date to outline to you some
of the hydrologic studies concerning conservation and flood control to which
our hydrometric data are essential. It may well be that Messrs. McLeod,
Clark and I will appear before you at various sessions to present branch
activity in studies of particular interest to you. I understand that at a later
session I may be expected to cover our participation in the work of the Fraser
river board. These appearances together with the questions which you un-
doubtedly will put to us should give you a valuable insight into the activities
of the branch. May I add that we will take pleasure in fulfilling these
responsibilities to your committee.

The basic function of the water resources branch is the systematic re-

cording of surface water level and flow data across Canada. The branch
operates through a head office in Ottawa, six district offices located at Halifax,
Montreal, Guelph, Winnipeg, Calgary and Vancouver and a number of small
sub-offices strategically located for conducting field work. Flow data are
essential to proper planning and design of projects for water supply, power
generation, irrigation, reclamation, flood control, recreation and for water
conservation and demands for records are becoming more numerous and more
insistent. The branch operates a growing number of gauging stations (over
1200) where levels are obtained daily or more often and where velocity
measurements are recorded and related to the levels to provide a continuing
inventory of the water available in the rivers measured.
_ It is of prime importance that the methods of obtaining water records
across the country should be uniform and that the period of record be con-
tinuous over a substantial number of years. These requirements, coupled
with federal responsibility for navigation and international problems, offer
good reasons for federal participation in a continuing hydrometric survey.
The provinces have been happy to enter into co-operative financial arrange-
ments relative to the work conducted for them. Co-operation is maintained
with other federal agencies and municipal and private organizations with
the result that there are published in Ottawa biennial compilations of water
data for the four drainages of Canada similar in-content to that for the cli-
matic years 1955-56 and 1956-57 for the Arctic and western Hudson bay
drainage which is our water resource paper No. 121, just off the press. And
I have a copy of that document here which is a compilation of the flows in
the various streams which we measure in this particular drainage which is
the Arctic and western Hudson’s bay, and the western Mississippi basin in
Canada. ;

The first recorded stream measurement forming part of a hydrometric
survey was made in June, 1894, on the Bow river near Calgary. For more
than a decade thereafter general hydrometric work was confined to irrigation
surveys undertaken in Saskatchewan and Alberta. Then, in 1908, parliament
made an appropriation of $10,000 for the establishment of systematic stream
measurements, and a ‘‘Hydrographic Surveys” section was formed in the
Department of the Interior.

While the hydrometric survey was becoming established in Alberta and
Saskatchewan, other circumstances were bringing about its introduction west
of the rockies. Under the terms of union admitting it into Confederation, the
province of British Columbia conveyed to the dominion government a strip
of territory more than 500 miles long and 40 miles wide along the prospective
route of the Canadian Pacific railway. By 1911 the administration of water
powers and water rights in this railway belt and on other dominion lands
had become so important that a water power branch was formed in the De-
- partment of the Interior. This branch was made responsible for the hydro-

graphic survey of the railway belt and of Manitoba, and also conducted
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water-power surveys in Alberta and reclamation and water-power investi-
gations in Saskatchewan.

Until 1913 the hydrometric survey operations carried out by the federal
government were limited to areas in which it had a proprietary interest;
that is, in the prairie provinces, where waste lands and ungranted lands were
reserved (until 1930) to the crown in the right of Canada, in the railway
belt, and in the Yukon and Northwest Territories. In 1913, however, the
federal government entered into a co-operative agreement with the govern-
ment of British Columbia, at the latter’s request, whereby the surveys already
conducted in the railway belt would be gradually extended throughout the
province. This agreement was the forerunner and the model of corresponding
agreements signed with the other provinces. Terminated during the de-
pression of the 1930’s these agreements were afterwards succeeded by individ-
ual agreements with each province (Prince Edward Island excepted) for
the continuation of a uniform hydrometric program by the federal government.
In 1950 an agreement with Newfoundland extended the survey to that prov-
ince.

The centralized direction and control of the hydrometric survey has
marked advantages. The logical unit for the investigation and development
of water resources is the individual drainage basin. In Canada political di-
visions do not often coincide with phyical divisions, and many important
drainage basins extend across interprovincial and/or international boundaries;
imposing special responsibilities upon the federal government. Under a na-
tional hydrometric survey, stream-gauging stations can be established at the
most suitable locations without regard to internal boundaries. Methods of
field investigation and of office computation can be standardized from coast
to coast. Duplication of survey work by federal and provincial authorities
is avoided.

While the collection of stream flow data is an essential part of the branch’s
activities, it is the application of these data to the solution of the many
hydraulic and hydrologic problems that are referred to the branch that offers
continuous interest and challenge to the trained minds of the engineers on
the staff.

For many years the department and branch have had responsibility for
advising the Department of External Affairs on international water problems.
The branch officers and facilities have assisted the International Joint Com-
mission on innumerable occasions and the branch has continuing membership
on some twenty Boards appointed by the International Joint Commission or
the government of Canada to prevent or dissolve irritations arising from water
use problems along the international boundary.

In the national field the branch becomes involved in many other chal-
lenging water problems and there is every evidence that these will increase
many fold as the country’s growth places greater and greater demands on
our water supply and its wise use and as the need for conservation and flood
control measures become more urgent.

There have been distributed to you samples of branch publications which
convey some part of our activities and together with the foregoing intro-
ductory statement permit a closer look at the detail of our organization. With
your permission I would suggest that you next hear from Mr. J. D. McLeod,
Chief Engineer of the Branch.

The CHAIRMAN: Thank you very much, Mr. Patterson. Anybody have
any questions of Mr. Patterson?

Mr. RoBicHAUD: Mr. Chairman, would it be more convenient for the
members if any further reports be presented, either by officials or members,
that mimeographed copies be submitted to the members? It would be much
easier to ask questions if we had those copies in front of us.
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The CHAIRMAN: Yes, thank you Mr. Robichaud. In respect of any further
information which is presented by members of the department, we have
them mimeographed? There are 35 members of our committee and if we
could have 35 copies it would help matters.

Mr. AIREN: Are these stream gauging surveys done by your department
or by Technical Surveys?

Mr. PATTERSON: The stream gauging program throughout the country is
carried on by our branch, sir. Mines and Technical Surveys operate level
reporting gauges on tidal waters and in the Great Lakes for hydrographic
chart purposes.

Mr. AIREN: I knew that Mines and Technical Surveys did a considerable
number of these tests and I wondered what the division was. They are
just on the Great Lakes and on the coastal waters?

Mr. PATTERSON: That is right, and they are not concerned with the flow
of water; they only record elevation and they do not tie that into discharge.
Mr. AReN: Thank you.

The CHAIRMAN: Any further questions from Mr. Patterson?

Mr. MARTEL: Mr. Patterson, I understand there will be a study made of
each different area we have covered. I understand there has been a survey

made in what I would call the Hudson bay basin, the Rupert river and the
Bell river. '

Mr. PATTERSON: We are operating gauges on those rivers in cooperation
with the Quebec hydraulic resources branch.

Mr. MARTEL: In reply to a question by Mr. Korchinski, who asked:
Any legislation which may be brought in in the future would have
to be in a manner in which the federal government merely cooperates

with the provinces. It seems to me the provinces have the right over
their natural resources.

—The minister said:

What you say is essentially true with the exception of waters which

comprise a boundary. In that case we have an international respon-

sibility. )
Would that mean that those resources in the north on Hudson’s bay or
James bay basin be considered as boundaries because they come into the
basin?

Mr. PATTERSON: No sir, the only reason that the federal interest is in
there is through agreement with the province of Quebec. The province of
Quebec has recognized the desirability of uniform records across the country,
so that when a flow is given in British Columbia it means the same thing
as a similar flow given in the province of Quebec. For many years we have
had very fine cooperation with the province of Quebec through the Quebec
hydraulic resources branch and the Quebec streams division.

Mr. CotE: I think when the minister used the words “boundary waters”
he had in mind the term used in the Boundary Waters Treaty of 1909, namely,
those waters through which the international boundary runs.

Mr. MARTEL: With the United States?
Mr. COTE: Yes.
Mr. MARrTEL: Not between each province?

Mr. Cort: No; I think, when he said that, Mr. Martel, he had in mind
the international boundary waters.

The CHAIRMAN: Well, if there are no further questions of Mr. Patterson
I think we will thank him very much and Mr. McLeod, I understand, is
going to report.
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Mr. J. D. McLEop (Chief Engineer, Water Resources Branch): Mr. Chair-
man and members of the committee. The work of our branch Mr. Patterson
has just given you is a general outline of the fields of work covered in the
branch, and he has asked me to supplement this as far as I can with a little
more detail on the organization of the branch, with particular reference to
its work in stream measurement.

The shortage of time did not permit me to prepare a formal paper.
However, I am going to refer to some extent to an address which was given
before the Royal Society of Canada about two years ago on this same subject,
and with the permission of the chairman I have here 50 copies of that docu-
ment which perhaps you might want to have distributed.

The CHAIRMAN: Thank you very much.

Mr. McLeop: I should warn you specifically that I do not intend to
follow it page by page and paragraph by paragraph, but it does provide
perhaps a little reference material which you may find interesting.

Now, as Mr. Patterson has said, the work of the branch in the stream
flow and water level measurement field is carried out through the operations
division of the branch which consists of 141 full time classified employees
plus a number of prevailing rate employees, student assistants and casual
labour.

Those people are distributed among the seven offices, that is, the branch
head office in Ottawa and the district offices at Vancouver, Calgary, Winnipeg,
Guelph, Montreal and Halifax as well as in the 15 small sub offices which
are operated in conjunction with the district offices of the districts where
they are located.

Perhaps I can give you—although this is not the best map—an indication
of the area covered by each district office.

Vancouver covers the entire province of British Columbia plus the Yukon
territory, and an adjacent strip of the Northwest Territories. For work
purposes we have the country divided along lines which have in part been
dictated by convenience of access and transportation rather than specific
provincial or territorial lines.

Under the district office at Vancouver we have a sub-office at White-
house, another one at Prince George, another one at Kamloops, another one
at Nelson, and another one at Cranbrook. These are all small offices with
from one to four employees at each and their purpose is principally to have
a field representative in these areas for convenience of operation.

Similarly, we have in Alberta a large part of Saskatchewan and a strip
of the Northwest Territories, including much of the Mackenzie river drainage
with a district office at Calgary. We have sub-offices at Saskatoon, another
one at Shaunavon, which is a very small community in the southwest corner
of the province of Saskatchewan.

The Winnipeg district office covers the province of Manitoba, a strip
of Keewatin territory immediately northward from Manitoba, a small part
of the province of Saskatchewan where the run-off is from the Souris and
Assiniboine rivers, that is, to rivers which flow through Manitoba and also
that part of Ontario from Lake Nipigon west. That is principally a geographic
convenience. Winnipeg is so much closer to the western Superior area and
the Lake of the Woods and Rainy river area than it would be from Guelph.

The Guelph office covers the remaining part of Ontario from a line
approximately east of Lake Nipigon throughout the whole area. There are
two sub-offices in Ontario in the northwest which are responsible to the
Winnipeg district office. They are located at Keewatin, the outlet of the
Lake of the Woods and Fort Frances, the outlet of Rainy lake and a staff is
kept there primarily to secure recording information for certain of the
governments international and inter-provincial commitments with regard
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to the Lake of the Woods. Convention and Protocol and Rainy lake Inc.
orders. Two other sub-offices located in Ontario are one at Niagara Falls
and the other at North Bay. The North Bay office is there to service that
part of northern Ontario including the Abitibi, Mattagami, White river et
cetera. We have to keep staff in the Niagara Falls sub-office in order to secure
detailed information from the power entities on both sides of the border to
ensure that the provisions of the 1950 Niagara treaty are being observed by
both countries.

In Quebec province, the survey is operated in the Montreal district office
with a sub-office located at Senneterre, for work in northwest Quebec and
another sub-office at Rimouski for the lower St. Lawrence and Gaspe area.
A further sub-office will be in operation at Seven Islands I expect this year.

In the Maritime provinces the district office at Halifax looks after all
work in Nova Scotia, New Brunswick, with a sub-office at St. John’s which
does all the work for the island of Newfoundland.

The branch work in Labrador is covered by the Halifax office rather than
from St. John’s simply because with existing airline arrangements it is
easier to get from Moncton to Seven Islands, the base of the charter planes
at the present time, than it is to go from St. John’s.

As Mr. Patterson has mentioned, in the hydrometric surveys there are
about 1,200 gauging stations. I think at last count it was about 1,268. That
is at March 31, 1959.

These are distributed by provinces; 332 in British Columbia, 154 in
Alberta, 151 in Saskatchewan, 123 in Manitoba, 215 in Ontario, 194 in Quebec,
13 in New Brunswick, 18 in Nova Scotia, 20 in Newfoundland, 40 in the Yukon
territory and 8 in the Northwest Territories. The reason, of course, for the
disparity in numbers is that the gauging stations are installed normally for
one of two over-all purposes, one, the desire on the part of the branch itself
or upon the part of one of the provincial cooperating agencies for additional
information on a particular river or rivers; secondly, in the territories the
requirement that the branch along with other parts of this department of
Northern Affairs and National Resources endeavour to appraise the water
resources of those territories which are still under federal government control.

Now, with that short run down on the organization I would like to say
a few things about factors affecting run-off, because these factors are the
basis of the requirement for work of this nature.

Now, in the paper which has been handed around there is a short
paragraph on this subject commencing at page 1 which states that water, as
found in the lakes, streams and oceans, is being renewed constantly by
precipitation in its various forms, and is transported from place to place in
either surface or underground channels. On the other hand, it is being
diminished constantly in quantity by the various agencies of percolation,
transpiration, evaporation and run-off; these several agencies have widely
varying effects from time to time and place to place. Consequently, the
amount of water present at any specific time at any particular place is an
extremely variable quantity because of the interaction of many inconstant
factors.

An example of the great variability of stream flow at a particular place
over a period of time occurs on the Red river at Emerson, Manitoba, where
the drainage area is approximately 40,000 square miles, and the flow has
been recorded systematically for 45 years. The river flow at this station varied
from almost zero during several days in February 1937, to about 95,000 cubic
feet per second in May 1950, and there is evidence that within the last 150
years there were floods which exceeded this recorded maximum.

The factors affecting stream flow, although they may be subject to direct
measurement for any given instant of time, cannot be predicted beyond that
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instant with any degree of certainty. As a result of this uncertainty of pre-
diction, it is necessary, in all planning for the conservation and development
of water resources, to adopt a method that assumes that future variations
will follow the same general pattern as past variations. This method in-
volves as its cardinal principle, the systematic collection and compilation of
all data pertaining to water supply for sufficient periods of time to cover the
variations that are likely to occur. Among the more important of these data
are records of precipitation, temperature, evaporation and run- -off. The longer
the periods over which a knowledge of the variation of these phenomena has
been obtained, the more accurately can the future supplies be predicted. This
aspect of our water resources is in sharp contrast to the appraisal of many
of the other natural resources. The results of the careful measurement of
forest, mineral and land resources of an area provide an index of its natural
wealth which usually requires only occasional repetition of the surveys to
maintain and improve the accuracy of that inventory.

Well, of course, the appralsal of the water resources in a quant1tat1ve
fashion, the surface water, requires the obtaining of continuous records of
the flow or of the water level or both for a substantial period of time, in
order that the record may be of real value for proper water use planning.

Now, also in this paper which I believe has been handed around, there is
a section on regional variations in run-off and, of course, in a country the
size of Canada that is a matter of particular interest, since in certain of our
coastal areas the amount of run-off can be excessive. Certainly the amount
of precipitation can be excessive. Whereas in some areas of the country, no-
tably portions of southern Alberta and southern Saskatchewan, there at the
present time really is not enough water available for the maximum or optimum
development of the other resources, notably the land.

Mr. Patterson has given you a.brief summary history on the growth of
the water resources branch and I do not propose to speak on that part of
his paper. I would like to draw your attention to some of the factors that
are involved in the arrangement and maintenance of stream flow stations.

You will find a reference to this at page 76 of the paper that has been
distributed.

As an illustration of the work involved in the operation and maintenance
of the hydrometric survey, let us take the example of determination of the
flow of a river. The first step is to make a reconnaissance survey of that
reach of the river in the vicinity of the location where the flow information
is necessary. This may be accomplished by boat, but frequently involves
foot travel. On a river in its natural state, there is normally a definite rela-
tionship between the level or height of the water at any given point and
the flow or amount of water passing that point. Where this relationship exists,
it is possible to define it by making a series of measurements of the flow at
different river levels. It is necessary, therefore, on the reconnaissance or first
trip to the river, to select the best possible location for a gauge which will
indicate the level or height of the river, and a cross-section of the river where
accurate measurements may be made. Once these have been selected, the
engineer must decide on the particular type of gauge to be built and also on
the equipment for measuring the flow.

Illustration of some of the methods used on our large rivers is shown on
the paper which has been distributed. Also there are illustrations of miscel-
laneous equipment and structures on the large piece of cardboard we have
over on the wall. We will leave that there, available for anyone to look at it.

Mr. KinpT: Are these measurements made during the whole twelve
months of the year?

Mr. McLeop: Yes; not necessarily every month in every location, but it
is one feature of the water resources survey which is very different from a
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normal topographical survey. During the winter, field work is involved
as well.

Mr. KiNpT: During the winter when the ice is frozen over do you get
into the problems of the flow? -

Mr. McLeop: Oh yes; very much so.- As a matter of fact it is one of
the more difficult problems. If you look at the top three pictures on that
_sheet on the wall you will see samples of winter measurement equipment.
There is a measuring sled on skis which suspends the current meter. There
is also a tank with a gasoline heater in order to keep the meter from freezing
in travelling between the holes cut in the ice.

Mr. KinpT: At Lethbridge the tributary of the south Saskatchewan river
which flows by there is often quite low during the month of January. In
that respect there is a real problem there for industrial development—

Mr. McLeop: Yes.

Mr. KINDT: —in connection with the conveying of waste material and
other things. This ties into the whole question of water development in that
area. :

Mr. McLeop: Yes. Another example of that, as a matter of interest, is
up in northern Quebec. Our engineers attempted to measure one stream some
winters ago and after getting through seven feet of ice they discovered there
was no flowing water and no flowing slush. So for useful purposes the flow
of that stream at this time in the winter was zero, although it is quite a good
sized river in open water conditions.

Mr. KinpT: Is there information readily available on the Old Man river
which flows by Lethbridge, in respect of the behaviour of that stream?

Mr. McLeop: Yes. We have taken records on the Old Man river near
Monarch for nearly twelve years now. The records for nine years are in
our published records, which of course are available to most anyone. They
are distributed as soon as they have been published to all the provincial
agencies, libraries, universities and of course a supply is kept for sale or free
distribution according to the individual or agency which requests it.

Mr. KmnpT: That is fine. Thank you.

Mr. McLeop: Now perhaps it would be useful if I covered very briefly
some of the problems in planning a hydrometric survey program. The first
important item is what use would be made of the information. As you
know a great many uses are made of surface waters, either in the rivers,
natural channels or the natural areas of the lakes, or in artificial channels
for navigation, production of hydro-electric power, irrigation, domestic water
supply purposes, recreational purposes, and reduction of pollution or the dis-
posal of pollution materials by dilution, provided of course the rivers are large
enough to accept it. I might add this latter use is becoming less and less
helpful to the larger communities in Canada. I do not propose to say any-
‘thing more about this aspect because it is really not my business. I just make
that observation.’ ;

Of course those of us who have been around Ottawa have heard the
local sounds of pain in reference to the fact that we are going to be involved
in a large sewage disposal system in this area in the next few years, despite
the size of the Ottawa river. You will perhaps draw some sort of a picture
from that situation.

I think I might mention a typical example of water use planning which
occurs when a reservoir is proposed for a town water or municipal water
supply. Foremost among the requirements of the design engineer would be
the need for a long continuous record of stream flow to provide the data
for determination of the size of the reservoir. Is its capacity greater than
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the stream flow potential? Is it expected that the reservoir will be empty
once, or perhaps twice in the next fifty years? What size of spillway should
be provided for the dam to ensure that the structure will not fail under a
severe flood and cause damage and loss of life? These are but a few of the
questions for which adequate stream flow records would provide the answers.
In addition the efficiency of the regulation reservoir is dependent upon
knowledge of the duration of low flows. In other words in most streams in
Canada there are periods of low flow and periods of high flow. The periods
of high flow really are not too serious in the case of water supply provided
the structures are adequate to pass any high water which may occur. But
the periods of low flow may be very significant in determining just how much
use can be made of the water supply available in the reservoir.

Now Mr. Chairman, I think in a very sketchy manner I have covered
sufficient of the organization of the branch. I attempted to define, at least
in some fashion, some of the reasons for carrying out hydrometric survey
operations. With that I would suggest at this moment I close. If there are
any questions I will attempt to answer them.

The CrHairRMAN: Thank you very much.

Mr. Srocan: I was wondering if you had knowledge of any difference in
the volume of water crossing the border at Emerson since the United States
undertook to construct some reservoirs of their own on the Roseau river.

Mr. McLeop: I could not say there has been any significant difference.
However that answer I have just given you is in a sense based on ignorance,
because I have not scrutinized in detail recent records of the Red river.

Mr. SLoGaN: I have one more question. Over the years have you noticed
any significant difference in the levels of flow of water in various streams due
to the melting of the polar ice cap, and the difference in the earth’s tilt?

Mr. McLeop: I do not think there is any significant difference covering
the period for which we have records. I might add that as one of the side-
lines, if you like, in connection with the hydrometric survey operations, the
branch does do a limited amount of glacier survey investigation in the rockies,
the coastal range, in Alberta, and in British Columbia for the particular purpose
you have just mentioned.

The general pattern at the present time in these glaciers seems to be one
of recession. But the differences in the stream flows do not appear to be
particularly significant.

Also in connection with your question I would like to point out that the
stream flow and water level conditions appear to travel or conform to some
sort of cycles; that is, there will be periods of perhaps several years when
flows are higher than normal, and then a period of several years when they
are lower than normal. '

As you know even better than I do, the period of the 1930’s was particularly
obviously a low flow period virtually over the whole of the prairie provinces,
in contrast to the period of the 1950’s which was probably a period of high
supply or high water period, as was evidenced in the Red River floods of
1950, and the Saskatchewan river floods of 1953 and, with better than average
supply of water on the whole throughout those years.

Mr. AIKEN: My question was very much along the same lines, Mr.
McLeod, but I was going to ask you if, from the records available, patterns
have been established on water flows, and if so, during what length of cycle?
That is, per 20 year cycle and so on? Are there any records in that regard?

Mr. McLeop: I do not think we have enough information to estimate the °
length of cycle in any particular area. It is only that we have recognized, as
I say, in the 1930’s, and in central Canada, and right before this, a very low
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cycle, and that in the 1950’s there seems to be a period of recovery and running
into a high cycle; and there have been one or two signs in the last year or two
that perhaps the top of the cycle with respect fo prairie waters has been
reached again and we may be on the way down, but I do not know.

Mr. KinpT: Mr. McLeod, does your hydrometric work record the various
stages during the flood periods?

Mr. McLeop: Anywhere we have the equipment and the gauges, yes. On
some occasions of extreme flood, when our equipment has been lost, neverthe-
less we have been able to pick up peak flood levels by means of field surveys,
high water marks and so on.

Mr. PATTERSON: Mr. Chairman, Mr. McLeod I think has covered the points
raised in the questions fairly well with the exception of one point which was
directed toward the effect of earth tilt on flows, which I believe was raised by
Mr. Slogan.

What happens with respect to earth tilt and its effect on waters such as
those of lake Ontario is as follows: we recognize this tilt as going on. The outlet
of the lake is rising relative to the Grimsby end or the west end of the lake,
but it does not show any effect on the flow of the river downstream, due to the
fact that the water will follow up. There will be some slight delay of course, but
the water will rise, and it will still spill off in the same quantities as previously.
The only time when it might reach a stage where it did show an effect would
be if the outlet rose to a point when the water would find some other outlet
and run out another way.

Mr. FLEMING (Okanagan-Revelstoke): There is one point I would like to
have clarified in greater detail. In the Columbia basin where you have con-
ducted very extensive surveys over the past few years, and at the same time
where the water resources branch have been conducting surveys, as well as the
British Columbia provincial water branch and so on, may I ask what relation-
ship there is between these different surveys? What are their separate fields,
and what is the point of coordination between the various types of federal
and provincial surveys in matters of that kind?

Mr. McLeop: As Mr. Patterson mentioned in his outline, the province of
British Columbia in common with many others has requested the government
of Canada to maintain and operate a stream flow hydrometric survey for them;
and this is of course carried out. It includes work on the Columbia river as well
as on many other rivers in British Columbia.

The province of British Columbia itself does work through its water rights
branch. The water rights branch is the body which issues water licences for the
use of water in the province under the British Columbia Water Act. That branch
also provides some service to small communities when they have problems of
water supply and so on. And it may provide engineering advice to them as well,
but that is purely, of course, an internal matter.

In regard to the Columbia river surveys, this department—I think I might
say—handled virtually the entire survey of the Canadian portion of the
Columbia with, of course, assistance from the Department of Mines and
Technical Surveys, the Department of Public Works, and so on. Those fed-
eral departments and the province of British Columbia participated in the
survey of the Columbia river basin, particularly as far as the field work
was concerned, and they participated quite actively in the studies that were
made of the material obtained from the field investigation, which led to the
Columbia river engineering board reports, and of course to subsequent informa-
tion that has been obtained for the use of the two governments at the present
time.
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Mr. FLEMING (Okanagan-Revelstoke): Is it apparent in that basin that
the recession of the glaciers is quite marked and has been very rapid in the
last couple of years? And are other glaciers receding at the same rate?

Mr. McLeop: I would say that the Illecillewaet has receded somewhat more
rapidly than the Kokanee in the southern area, or the Athabaska glacier and
the Columbia ice fields.

Mr. FLEMING (Okanagan-Revelstoke): ‘There has been no cycle effect on
it as a whole?

Mr. McLeop: I would say no. Of course, one of our problems.in connection
with recession of glaciers has been that our surveys have, of necessity, been
rather limited, and recession figures from year to year are not always too
significant unless you have details of the configuration of the glacier at the
same time. :

As an illustration of what I mean I am going to refer to the Franklin
glacier out on the west coast of British Columbia near Mount Waddington.
On the Franklin glacier there was a marked recession over a period of three
years some time back, but it was discovered that what had happened was
that probably for some time before that melting had occurred in the lower
section of the glacier such as to make a series of caves, as it were, without the
edge, or the end, of the glacier showing this effect. Finally the whole thing
collapsed and the glacier moved back quite a long distance over what was
relatively a short period. But it was shown that the melting which caused this
cavitation must have taken quite a number of years to oceur, and that con-
dition had to be taken into acccunt in looking at the individual annual or
bi-annual recession figures.

Mr. FLEMING (Okanagan-Revelstoke): I see. It was not something that
just happened?

Mr. McLeop: That is right.

Mr. Freming (Okanagan-Revelstoke): It had been in the process of
happening for a long time?

Mr. McLeop: Yes.

Mr. FLEMING (Okanagan-Revelstoke): With this measurement of places,
this could happen many times over, I suppose?

Mr. McLeop: Possibly so. We have undertaken this past year a detailed
survey of the Athabaska glacier in the Columbia ice fields, and we believe
that if we repeat the techniques which were utilized this year, in about three
years’ time we should then be able to make a direct comparison of the results
of 1959 and, say, 1962. or 1963 and obtain from them fairly good data on the
amount of volumetric recession, or increase, of the glacier.

Mr. KORCHINSKI: Mr. McLeod, you mentioned that you had 157 gauging
stations in Saskatchewan, and you also made reference to the fact that you
make a study of the capacity of the river at a certain point.

These gauging stations vary from river to river, I suppose; but if a com-
munity somewhere in between two gauging stations required information for
a water reservoir, would your department cooperate in giving them this
information or obtaining this information for them?

Mr. McLeop: Normally speaking, the community would first get in
touch with its provincial water rights division, or branch—or equivalent.
The reason I say “equivalent” there is that in the different provinces the
provincial water agencies have somewhat different names. Having done so,
the provincial water rights division people would approach our organization, if
they considered that additional stream flow data were necessary to answer the
particular question, or problem.
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The CHAIRMAN: Mr. McLeod, I would like to ask a question. Do you find
that communities and industries in provinces take into full account the
information that is available to them in their planning of the use of water?
I am thinking particularly of some of the areas where there is a considerable
shortage of water, as on the prairies. Has the use of that water been properly
planned, or is it being done on a hit-and-miss basis?

Mr. McLeop: That is a pretty large question, Mr. Chairman.

The CHAIRMAN: Well, you must have some opinion.

Mr. McLEoDp: I think the answer varies all the way from full consideration
of all available information by some agencies, to perhaps not enough considera-
tion or not enough effort to find out what is available by other agencies.

I do not believe that I could offer a much more concrete answer than
that. Mr. C6té, would you like to say something on that?

Mr. E. A. COTE (Assistant Deputy Minister, Department of Northern
Affairs and National Resources): I should imagine, Mr. Chairman, that those
communities that hire engineers to do some work for them, either for water
supply or any other purpose, would find that those engineers would consult
the flow data records of the department, and would consult, in the case of
ground water, the ground water records of the Department of Mines and
Technical Surveys.

The CHAIRMAN: I was thinking of this, that it could be such that there
was no over-all plan for the use of the water in a basin or an area, and
that final development could be jeopardized by, not necessarily ill-planning,
but by not giving consideration to the over-all use in those areas.

We will be coming into this subject later on. This applies particularly
as regards the prairie provinces, I imagine, where there is probably the big-
gest shortage of water in all of Canada.

Mr. T. M. PaTTERSON (Director, Water Resources Branch): In answer
to your question, Mr. Chairman, I think I will go further. I think that there
is room for improved cooperation in the planning and use of the water re-
sources of a large river basin such as the western rivers to which you
are referring, particularly the Saskatchewan river, where it flows through
different jurisdictions, three provinces, and each province has its own par-
‘ticular needs to look after. I think there could be improved study and
planning of a river of that nature.

The CHAIRMAN: You do not feel that there is quite enough coordination
yet in the planning of these things?

Mr. PaTTERSON: The planning has not gone far enough yet, I would say.

Mr. McLeop: I think perhaps, Mr. Chairman, I could just say this. I
do not know if all of you gentlemen can see this map. It is of the three
prairie provinces and northwestern Ontario. The Nelson river drainage
basin, of which the Saskatchewan river forms a large part, consists, as you
can see, of virtually the southern half of Alberta, at least the southern half
of Saskatchewan, with the exception of a slight strip which flows to the
Missouri, at least half of the province of Manitoba, plus a surprising amount
of northwestern Ontario.

That is probably our best example of a river system which covers parts
of four provinces, where in parts the area is short of water and in other
parts it has good supplies, and in which, therefore, the downstream section
of the river in Manitoba can be affected by something done out in Alberta
or something done in Ontario.

‘ Mr. PAYNE: Mr. Chairman, would it be in order for me to ask the witness
this question. Have you done extensive studies in the immediate vicinity.
of what is known as the Rocky Mountain trench as to the potential storages
available in that area, or not?




MINES, FORESTS AND WATERS 37

Mr. McLeop: In the Peace river section of the Rocky Mountain trench?

Mr. PAYNE: Yes.

Mr. McLeop: Our office has not done extensive studies in there, no.
The information which it is believed the company interested in development
there has obtained is not yet available to federal departments.

Mr. PayNe: Has the industry interested in development of the area un-
dertaken tests of sufficient time and sufficient intensity to ascertain what
reserves might probably be expected for reservoir storage on the Peace?

Mr. McLeop: First, in so far as records of the flow on the Peace river
are concerned, this branch has had stations in British Columbia for about 15
years now. It was recognized quite a long time ago that sooner or later
someone would require information on Peace river flows, although when the
gauging station program there was initiated in 1945 it was not known, of
course, who it might be, or when the information might be required.

Likewise, in Alberta there are, I might say, broken records of the flow
of the Peace river available at Peace River, and some, I believe, at one other
station, of which I do not recall the name.

As far as the reserves or lands, and so forth, are concerned, which might
be required for the creation of the reservoir which, we understand, is proposed
by this company, that, of course, is essentially a matter between the company
and the provincial government.

Mr. PAYNE: Oh yes.

Mr. McLeop: Because there are no federal lands in that whole region,
so far as I know.

Mr. PaYNE: The studies in the Peace river area—the flows you have taken
of the Peace, and in that general area—are they, in any way, comparable to
those you have undertaken in the Columbia basin?

Mr. McLeop: No, nothing like as extensive.

Mr. PaYNE: What would be the comparative situation between these two?

Mr. McLeop: Offhand, I would estimate that we have perhaps 20 key
stations in the Columbia river basin in Canada, which are on thg main stem
and tributaries of the Columbia, including the Okanagfan, the Slmllkamem,
Kootenay, Kettle and Flathead—and, of course, the main Columbia.

Mr. PaynNe: They are all tributaries?

Mr. McLeop: Yes.

Mr. PayNE: They have been functioning for what pgriod‘?

Mr. McLEeop: The oldest since 1902, and there are at least—

Mr. PAYNE: And those at flow stations? :

Mr. McLEeop: —at least ten of them have been functioning for 40 years
or more.

Mr. PayNe: Those stations test what?

Mr. McLeop: They give the actual flow of water passing the point at
which the station is located, and usually also they give the water level.

Mr. PaYNE: In the area north of Prince George, gnd what is known as the
Rocky Mountain trench, what studies and undertakings have you gone into
relative to the flow in that area?

Mr. McLeop: Very briefly, as you know, the Peace river system in British
Columbia comprises the Finlay and Parsnip rivers, which join at Finlay Forks.

The Finlay flows southward and slightly eastward, and the Parsnip river flows
northward to their junction at Finlay Forks, and then generally eastward

22857-7—2
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through and into Alberta. The branch has had records obtained at two loca-
tions on the Peace river in British Columbia—at Taylor, which is near Fort
St. John, since 1945, I think, and at Hudson Hope, where there is a period of
broken record. There were a few years of partial records, between 1918 and
1922, but there has been a station there continuously since 1949.

Mr. PAYNE: That is Waterton?

Mr. McLeop: That is Hudson Hope. There has been one on the Peace
river, near Fort St. John, continuously since 1945.

Ir addition, there have been miscellaneous discharge measurements made
on the Finlay river and on the Parsnip river. There are also fairly long-term
records available of the Nation river, which is a tributary of the Parsnip. Those
records, I would say, have enabled the company fo assess what water it can
get into this reservoir, since the location of the dam proposed by the company
is very close to the gauging station located at Hudson Hope.

Mr. Payne: Is it the experience of the branch that companies of this nature,
envisaging tremendous capital developments, formulate their plans on informa-
tion such as they now have available; or is it normal to expect them to further
extend their information?

Mr. McLeobp: First, I think you must recognize the company, in proposing
a development such as the Peace river development, must know what is the
water supply to this major reservoir that it might use for power generation
purposes. Secondly, they must know what effect the reservoir itself will have
on the distribution of the natural flow over the full period of a year or over
several years. That is simply because their reservoir will be so large*it will
provide what we would say is complete regulation of the river at the site of
the power plant.

Then, of course, the company must have detailed information—or should
have, at least—of the foundation conditions for a major structure of that kind.
That is something which certainly is not our branch’s business at all.

Mr. Payng: I appreciate that, but what I am getting at is what happens
when you run into a large public corporation, be it in Ontario or Canada.
We will take, for instance, the Ghost river development of Calgary. Was it
your experience, within the branch, that the Calgary Power Company did,
in fact, look at records for some years from your branch before they laid plans?

Mr. McLeop: Yes. While the developments there, on the Ghost river,
started at a very early period, as you know, the company has been most in-
terested in every bit of stream flow and water level information that could
be provided, and it has, in fact, cooperated quite substantially in helping us
to get information.

Mr. Payng: Is this a pattern you find elsewhere in Canada with respect
to developments undertaken by large bodies—say, those undertaken by the
Ontario Hydro or the Manitoba Hydro?

Mr. McLeop: Yes.

Mr. Payne: They are not looking for sketchy information: they want
a great deal of detailed background?

Mr. McLeop: That is right.

Mr. PayNE: Do you feel you have that type of information to provide any-
one in the area of the Rocky Mountain trench at this time, or not?

Mr. McLeop: No. For a good many parts of Canada we do not have
sufficient information. If I may say so, I think it could be boiled down to
two things—it is the old story of government work, funds and personnel.

Mr. PaTTeERsoN: I think any corporation or company that is interested in
initiating a power development at any point has to take into account the period
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of record of flow they have available to them. It is their risk. They may take
a short period of record and decide to go ahead with the development. Then
they might find, after operating for a few years, the period of record upon
which they based their studies was a period of high flow, above average flow,
and they are not actually getting that amount of water. But the urgency to
develop at the time was such that they did not delay the decision to go ahead,
and they may not get the return they expect in later years, or they may get a
greater return.

Mr. PayNe: The normal experience of the branch is that a corporation
does look for a reasonable period of chronological history and records, to some
extent, before entering upon decisions?

Mr. Parrerson: That is right. We maintain that until you have at least
ten years of record you are working on pretty sketchy information.

Mr. PayNg: You are speaking of ten years of records, which are fairly
conclusive? They cover the potenu'fll w1§h1¥1 that proposed area of development?
It is not just a hit-and-miss station; it is an extensive study in a ten-year
period?

Mr. COTE: Mr. Chairman, I think I shpuld say at this point that the branch
likes to see a long period of records. Tl'lat Is quite so, but to answer Mr. Payne’s
specific question regarding the Ghost river, in the book here which was referred
to—The Arctic and Western Hudson Bay Branch Surveys, water supply of
Canada—regarding the Ghost river, near Cochrane, there the period of record
was from 1911 to 1920, which is nine years, and then from December, 1928 to
date. As I recall it, they built the Ghost river dam in the late 1920’s or early
30’s, after about ten years.

Mr. PAYNE: It was completed around 1932, I believe.

Mr. COTE: The decision was taken before then, so the period of record—
the broken period of record—was something in the order of ten years. ;

Mr. PayNE: You went back to 19117

Mr. COTE: 1911 to 1920, a broken period of record; no record from 1920
to 1928; then from 1928 to the date of construction in 1930-32; and then to date.

Mr. PAYNE: You have covered quite a bracket of years in the study?

Mr. COTE: A matter of nine years’ continuous record, and from 1928 to the
date of construction, another three or four years.

Mr. PAYNE: But you regard that as a reasonably short period, this bracket
of almost 18 years, with nine years’ continuous study?

Mr. COTE; Mr. Chairman, I think that if any engineer had his say, he would
like a very long period, as mentioned earlier by Mr. Mchod., because of the
variations which may be century variations or variations within a millennium.

Mr. PAYNE: Have you, within the last 18 months, been called upon ex-

tensively for the brief period of record you have in this area, ‘py a company
anticipating development in the Rocky Mountain trench? Those limited records

you have made available to them?

Mr. McLEeop: Of course, in the first place, all of the records we have up to,
perhaps, three years ago were already in publication, and the company had
copies of those immediately available.

3 Mr. PAYNE: Have you had reciprocal information from them, to any extent
at all?

Mr. McLeop: No.

Mr. PAYNE: None?

Mr. McLeop: No.
22857-7—23
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Mr. KorcHINSKI: Mr. McLeod mentioned there are 1268 gauging stations
throughout Canada.

Mr. McLeop: That is our figure at March 31, 1959.

Mr. KORCHINSKI: In your presentation to the Royal Society you also state
that you have some 500 part-time employees engaged in reading these gauges?
Mr. McLEoDp: Yes.

Mr. KorcHINSKI: The question that comes to my mind is, why do you
require 700—I should not say “more employees,” but you require far more
than 500 part-time observers? Is it because of the fact these gauges are
so complicated, or because of the remoteness?

Mr. McLeop: First, with regard to the 1200 gauging stations, that includes
a number of gauges—quite a number now—which are, as we term them,
automatic or self-recording. Many of those, particularly when located in
remote areas, are serviced by our personnel when they visit them, sometimes
monthly or at two-month intervals. In a good many of our locations, whether
we wanted to or not, we could not get part-time employees anyway.

Secondly, the part-time employees are used to read the manual types
of gauge, either daily or on some other basis that may be determined, depend-
ing on the need for information. Customarily it is daily. That consists usually
of perhaps three minutes work for the employee at the location, plus whatever
time it takes him to get to the river from his place of residence or place of
work. We have about 500 places where we do require and do have these
gauge readers employed strictly on a part-time basis. We have something
like 250 water stage recorders installed now, and many of them require no
paid observer on a part-time basis, because they are serviced by our people.

In addition, in some locations one part-time gauge reader may read two
or three gauges along a river, depending on how they are located, and so
forth. For example, for many years we took a lot of gauge observations
on the west arm of Kootenay lake, investigating problems of out-flows from
Kootenay lake. I can recall that one gauge reader read something like 8 or
9 gauges for us, because he made a trip down on his boat and read each one
as he went. However we do not need very many additional gauge readers;
that is no particular problem. What we need more of, and what we will
continue to need more of are the more expensive things—the automatic
recording instruments and the appropriate housing of them—for these remote
areas where there is not anybody living to provide a part-time gauge reader
-service.

Another item which is growing very rapidly in our estimates, and which
is going to continue to grow rapidly, is charges for chartered aircraft, because
we are getting more into remote places now, particularly in territories where
this is the only way of getting in and out.

Mr. KoORCHINSKI: What determines whether you construct an automatic
station or one where you require a gauge reader? I suppose that is governed

" by cost in a lot of instances? /

Mr. McLeop: Yes, partly cost; but it is also in part the location itself.
For example—Mr. Payne may know this—up on the Unuk river-—which
is part of the Stikine river system which flows in the northwestern section of
British Columbia and enters the Pacific down through the Alaska panhandle—

we have a gauge station in there which must be self-recording because there

is not anybody who lives within 50 miles of the place.

Mr. KorcHINSKI: What vari?tion is there in cost between one of the
gauging stations, where you require a gauge reader, and an automatic one?

Mr. McLeop: The cost of just a manual installation, I think it would
be fair to say, can be as low as $50, depending, again, on the configuration
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of the banks of the river and the type of readings required, and so forth.
The cost of a recording station varies considerably. If it is for a permanent
lay-out, some long-term job, the cost may run up to $20,000 or $25,000,
depending on what is required, and also depending on the conditions en-
countered.

I do not know whether these pictures are visible to you, but here are
three pictures of the water stage recorder well and shelter on the Fraser
river at Mission. The original cost was about $9,000. It had to have about
$3,500 to $4,000 worth of work done after the 1948 flood. This was literally
hanging in the water, and this is it as it was rebuilt. That is a typical ex-
ample. There is one pretty low down here on the Fraser river at Hope,
which cost about $7,500.

One of the things that dictates the cost, of course, is the money available.
Another thing that dictates the type of gauge is the location and also the type
of river or lake. For example, I think it is quite fair to say that on some of
the lakes you could actually use manual gauges, provided observers were avail-
able, because the day-to-day change at some lakes is very small. On the other
hand, such rivers as Capilano creek—

Mr. PAYNE: “River” please.

Mr. McLeop: On Capilano creek it has changed 12 feet in 15 hours. 'No
manual observer could hope to catch those changes, which are essential to an
accurate record, and can be provided by the water stage recorder.

Mr. KorCHINSKI: You mentioned a lot are permanent. Are there very
many constructed on a temporary basis?

Mr. McLeop: In several of the provinces requests are received from the
provincial authorities for records on some of the smaller streams—for irriga-
tion purposes, for example. They may want only a limited period of record,
perhaps to establish roughly the size of the stream. These are very small
streams, down around two, five or ten cubic feet per second. They may want
a record only during the low-water season, during the latter part of the sum-
mer. In those cases usually the installation is kept at as low a cost as possible,
of course, and it is of a temperorary nature, because we may know in advance
the particular agency requesting the record only wants two or three summers’
records. Therefore, we would not go into the expenditure involved in a more
permanent station. On the other hand, the Red River at Emerson, or the
Assiniboine river near Headingley, or the Fraser river at Mission, or the St.
Lawrence river at Ville de la Salle—for these we have every indication we
want the records for a longer period of time, and for as long as possibly 50
years or more. Therefore, it is only prudent we decide in those cases. to
establish more permanent types of structures.

Mr. PaYNE: To return to the Rocky mountain trench and Peace river, has
the branch been called upon by the province of British Columbia, any agency
" or company, for an accelerated program, indicating their requirements and their
need for more information?

Mr. McLEop: As far as I am aware, not by the province of British Colum-
bia. The consultant firm for the company has requested some additional
information downstream on the Peace and Athabaska rivers in Alberta.

Mr. PaYNE: Have the developing engineers cor}cerned indicated in any
way that they are working with insufficient informatoin at the present time?

Mr. McLeop: No, not to my knowledge.

The CHAIRMAN: I have a question, Mr. McLeod. What jurisdiction has the
federal government over a project such as proposed on the Peace? It is bound,
for certain periods anyway, to have some effect downstream both in Alberta
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and on the Mackenzie system. Now, as I understand it, the federal govern-
ment has no authority over the use of that water upstream; but what steps
can they take to ensure that proper flows will be left downstream during the
filling of a reservoir? .

Mr. COTE: Mr. Chairman, I would like to take that question, if I may.

The question of jurisdiction of the federal and provincial governments
is an extremely complicated one, and I do not think the committee would
expect Mr. McLeod or myself to be able to give a clear constitutional answer
to that subject. Nevertheless, in an attempt to outline some of the per-
imeter of the problem, the ownership of the water, as it is within the prov-
ince, seems to be that of a province or territory, as the case may be, while
the water is within the boundaries.

The federal government has certain direct responsibilities, which are
legislative responsibilities under the British North America Act, for certain
uses of water. In regard, say, to the Peace river the federal government’s
responsibility is a legislative responsibility concerning the navigational use
of that water, or concerning the fisheries within those waters.

Mr. PaynE: What about the situation of interprovincial interests?

Mr. CoTE: Well, Mr. Payne, I think you have put your finger on the
problem which was mentioned earlier by Mr. Patterson and, indeed, was
mentioned by my minister in his opening statement.

There is a problem between the provinces as to the uses of these waters
in one province or in the other—the possible future incapability of use in
one province in regard to the other. This is the sort of problem which
Mr. Hamilton has indicated may be solved by cooperative action between the
provinces.

Mr. MARTEL: Mr. Chairman, I am interested in the question of gauging
and flow measuring stations from the lake downstream in the St. Lawrence.
I understand from your lecture to the Royal Society of Canada that this
has been done to record the levels for navigation on the Great Lakes and
the St. Lawrence applying since 1860. I would like to know from your
knowledge or as a result of these measurements if the water level of the
Great Lakes has increased very much in ten years or twenty years. I might
tell you why I want to have that answer. I may tell you that last year
we have heard a lot about the diversion of waters from Lake Michigan to
the Mississippi basin in southwestern United States, and I want to know
what effect that could have on the original level of the lakes.

Mr. McLeop: I think Mr. Patterson is better equipped than I to answer
that question.

Mr. PATTERSON: Mr. Martel, as you have indicated, we have records since
1860 on the Great Lakes and naturally, or in nature, the lakes vary from
year to year and from so-called cycle to cycle. Over that period of what
is now a hundred years the lowest recorded levels on the lakes occurred
in the thirties, around 1934 and 1935, and the highest recorded levels oc-
curred in the fifties, in 1952. But there were high levels away back in the
1870’s.

With regard to the effect that the Chicago diversion has on the Great
Lakes, it does have an effect of course. Diversion now is about 3,200 second
feet and the natural rate of flow from the lakes, if you consider all the
lakes, runs around 20,000 second feet per foot range and varies in the different
lakes—17,000, 18,000, 20,000; but, say, 20,000. So that if you take out 3,000
second feet from that system you lower the lakes by the 3,000 over 20,000
times 12 or approximately two inches.-

Mr. MarteL: Would that not endanger navigation in the seaway?
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Mr. PATTERSON: It could have an effect on navigation. It could have an
effect in any harbour if the water in the harbour is two inches lower than
it otherwise would have been. If it is at a low water period it might be
that a boat could not get into a particular harbour, if it is loaded fully.
But ordinarily there is, as you know, a great variation just from month to
month, and the boats load according to the depth that they know they are
going to get in the harbour they are proceeding to.

Mr. McGREGOR: How much would be the extreme variation?

Mr. PATTERSON: It varies in different lakes. The extreme variation in lake
Ontario in nature was about six feet, something like that.

Mr. McGREGOR: What about lake Superior?

Mr. PaTTERSON: Lake Superior is a much larger body of water, and the
range there is not as great. On top of this variation on the subject of the level
of the lake of course you have the storm effect, where high winds will blow
water into a certain area and will create a higher level in that particular area.
But the average level of lake Superior varies about five feet, I would think—
four to five feet. 2

Mr. Snogan: I was just wondering if Mr. Patterson or Mr. McLeod could
tell us whether they have noticed any difference in the Red that flows from south
to north, or the Assiniboine that flows from west to east and a river that would,
we will say, flow from north to south.

Mr. McLeop: I don’t think that the difference in direction of flow is par-
ticularly significant. All questions with regard to flows and floods and changes
in the Red or Assiniboine are related, of course, directly to the climatic condi-
tions preceding the period of the high flow in question, anc.i they are related, too,
to the type of land through which the rivers make their way. Also they are
related to the general topography. For instance, as you know, Mr. Slogan, high
flow on the Red river results in virtually a lake in the area from Emerson
northward. The gradient of the river is very gentle and the river itself is quite
wide in proportion to the amount of water it carries nqrmally. I think those
features of topography and of climatic conditions outwelgh‘normally at least
any difference with respect to the actual directions of the rivers.

Mr. SLoGAN: The reason I asked that was I thought—well, for instance,
the Red river melts down south first and you get the flood waters coming up
before the breakup in the northern area and you get your ice jams; whereas
if the flow were in the opposite direction you would get a gradual drainage
and would not have the ice jams to put up with.

Mr. McLgop: It is conceivable there might be some difference due to the
difference in the times of melting, although I do not think they are very signif-
icant as far as the Red and Assiniboine are concerned. Unfortunately, if one
is going to be high the other is going to be high at just about the same time
usually.

Tie question of the ice jams, of course—well, again I do _not think there is
too much difference there, because if we take another river such as the
St. Lawrence, ice jams occur that affect places like Montreal harbour, which
from the point of view of latitude is quite a bit south of much of the upper
watershed consisting of the Great Lakes; and I do not really think there is any
particular relationship to the direction in which the river flows, other than
perhaps the slight variation you have mentioned in so far as the break-up may
come a little earlier on the Red, with the water coming from the south, than
on the Assiniboine with the water coming from the west. I do not know if I have
answered your question.

Mr. MarTEL: I have just one other question. I wonder if it is proper to ask
it of you, or perhaps to ask it of the forestry branch. My question is what
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influence the heavy cutting of forest in local areas, particularly since the war,
in a number of areas has had on the regular flow of waters. I mean, broadly
speaking, I do not want a detailed answer.

Mr. McLeop: Well, broadly speaking, Mr. Martel, the forest cover of a
river drainage area should tend to slow the flow, particularly in rising stages.
The shade provided by forest cover, for instance, will operate to hold snow in
the spring and will reduce its rate of melting. The other feature is, too, that the
clearing of land unless it is done carefully tends to allow the land to erode
and causes a certain amount of sedimentation in water in the river etec.

Mr. MARTEL: We must have read some reports that there is too heavy forest
cutting in certain areas, according to some experts. That is why I felt it may be
good to know if this has an influence. It has, of course, an influence on the flow
of water but the degree, I do not know.

Mr. McLeop: I think in general terms one might say that the change in
the vegetal cover of the drainage area of a river does, of course, have an effect
upon the regimen, if you like, of the flow. That factor is probably more notice-
able in a small stream of a limited drainage area than it is on a large river
where you might have quite a variety of land covers ranging from forest to
cultivation, etc. I do not think there is any really quantitative answer to your
question as yet. I do not think it would be remiss to mention that the eastern
rockies forest conservation board in this aspect of river flow and water supply
is undertaking, in conjunction with officers from our own branch and several
other agencies of government, further studies on this matter. It will not be
one which is subject to quick answer because it will take a number of years
of measurement to provide enough base data to enable any conclusions to be
drawn as to the differences.

Mr. MARTEL: Are there any other similar programs in any parts of other
provinces?

Mr. McLeop: Not with which we are connected in any event.

The CHAIRMAN: We do have a heading here for discussion in respect of
conservation later on. Perhaps we might pursue the matter at that time.

Mr. MrTcHELL: I do not know whether or not this is a proper place to
present this, although it is under the water resources branch. I am referring
to the Harricanaw river project. As the water resources branch will probably
be with us at our next meeting I will bring this up at that time.

The CHAIRMAN: We will endeavour to cover various regional problems later
on. They will probably be more appropriately taken up at that time.

Mr. MrtcHELL: The engineer in Sudbury is well known to me. We have
been talking about this for some months. I noticed by today’s Globe and Mail
that he has presented his brief to the Minister of Water Resources in the
province of Ontario. I have considerable information on this, including a copy
of a letter to the hon. Mr. Hamilton which Mr. Kierans has written. I assure
you you may think he had been dropped on his head when he was young, and
perhaps me as well, in presenting this, but I assure you that, although it may
seem fantastic, it has a certain amount of merit. I would like to present this
to the committee at the next meeting.

Mr. MarTEL: That is of interest to me because the Harricanaw river flows
in my riding. I do not know of the project except what I read in the paper.

Mr. McLeop: Is the newspaper reference a recent one?

Mr. MARTEL: There was one this morning.

Mr. MircHELL: I have here a copy. of the original map supplied by Mr.
Kierans to me and also the newspaper item which is dated January 23.

Mr. McLeop: We have that.
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The CHAIRMAN: Gentlemen, I am sure we have all enjoyed hearing from
the witnesses.

Mr. Srocan: May I interrupt, Mr. Chairman. Mr. McLeod, I am wonder-
ing whether you have anything to do in conjunction with the Department of
National Health and Welfare in respect of gathering samples of water for
testing for radiation.

Mr. McLeop: No, we do not.

The CHAIRMAN: We will not be meeting tomorrow because of the fact
that there is a shortage of reporters and there are so many committee meetings
going on. Our next meeting will be on Friday, April 1 at 9 am.

Mr. MARTEL: Instead of tomorrow?

The CHAIRMAN: Yes. At that time we will have with us Mr. McTaggart-
Cowan, the director of the meteorological services of the Department of Trans-
port who will give us some information regarding the services that branch
provides in relation to assessment of water resources and problems.

There will be a meeting on Monday, probably to pursue part of our
previously outlined agenda. v

On April 4 we will have Mr. Fox who is a United States authority on
water problems and I believe particularly in respect of the western states, the
problems of which are very similar to many of our prairie problems. Perhaps
Mr. Cote would tell us a bit about Mr. Fox’s background.

Mr. CoéTE: Mr. Chairman, Mr. Fox is connected with resources for the
future, a non profit organization of the United States, which has studied very
extensively questions about natural resources in the United States. I gather
that he has a good deal of information on the general subject of water resources
and the future demand on water resources in the United States, which might
be of interest to this committee, particularly as regards its possible impact
on Canada. .

The only point is that I think he will be here on April 5, which is a
Tuesday.

The CHAIRMAN: Thank you. At the last meeting I mgntioned that we
hoped to have General McNaughton appear before the committee, but General
McNaughton will not be available until early in May, because of the pressure
of his other responsibilities. \

I think that is all for today.

—The committee adjourned.
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MINUTES OF PROCEEDINGS

Fripay, April 1, 1960.
(4)

The Standing Committee on Mines, Forests and Waters met at 9.05 a.m.
this day. The Chairman Mr. H. C. McQuillan, presided.

Members present: Messrs. Baskin, Cadieu, Doucett, Dumas, Fleming (Oka--
nagan-Revelstoke), Gundlock, Hicks, Korchinski, Martel McFarlane, McQuil-
lan, Payne, Robichaud, Simpson, Slogan, Stearns and Woolliams—17.

In attendance: From the Department of Transport: Mr. P. D. McTaggart-
Cowan, Director, Meteorological Branch. From the Department of Northern
Affairs and National Resources: Mr. E. A. Co6té, Assistant Deputy  Minister;
Mr. J. D. McLeod, Chief Engineer, Water Resources Branch.

The Committee resumed consideration of the 1960-61 Estimates of the
Water Resources Branch of the Department of Northern Affairs and National
Resources.

Mr. Coté, Assistant Deputy Minister of Northern Affairs and National Re-
sources read into the record a definition of navigable waters as interpreted by
the Department of Public Works. A statement also was made regarding soil
erosion on navigable waters.

Mr. McTaggart-Cowan was introduced and he made an extensive statement
regarding the studies, problems and work of the Meteorological Service. The
witness supplied a number of copies of the following documents:

(1) Hydrometeorology and its applications in Ontario.

(2) Symposium on the Great Lakes, Royal Meteorological Society.

(3) Rainfall intensity—duration—frequency maps for Canada.

(4) Snow Cover Data—Eastern Canada.

(5) Hydro-Meteorology—Statement by Australian Minister of Interior.

(6) Estimating Irrigation water requirements from Meteorological data.

During his presentation Mr. McTaggart-Cowan emphasized certain points
by the use.of charts and maps.

The Witness tabled one copy of the following documents and commented
thereon:

(1) Presentation made at the Symposium on the Great Lakes by J. P.
Bruce and G. K. Rodgers respecting The Water Balance of the Great
Lakes System; (Identified as Exhibit No. e R

(2) Report of Conference on the Management of Wetlands, Ontario Water
Resources Commission; (Identified as Exhibit No, “2”).

At 10.30 a.m. the Committee adjourned until 11.00 a.m. Monday, April
4, 1960.

E. W. Innes,
Acting Clerk of the Committee.
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EVIDENCE

Fripay, April 1, 1960.

The CHAIRMAN: Gentlemen, we have a quorum.

As the first order of business, Mr. Coté is going to give us some in-
formation, which he has obtained from the Department of Works, in regard
to a definition of “navigable waters”.

Mr. E. A. COTE (Assistant Deputy Minister, Department of Northern
Affairs and National Resources): Mr. Chairman, two meetings ago the com-
mittee asked for a definition of “navigable waters”, and the federal respon-
sibility for erosion.

We inquired from the Department of Public Works and have received
the following reply from the Deputy Minister of Public Works:

In regard to your first question, the term “navigable waters” re--
fers to such waters in respect of which the public right of navigation
exists. This right does exist in all rivers that are in fact navigable,
including small streams or creeks, whether tidal or non-tidal, even
if navigation by, say, canoe only is possible. A canal, being an arti-
ficial highway by water, does not come under that definition.

The second question which the committee asked was related to erosion,
and this is the reply which the Deputy Minister of Public Works proposed
to the question:

The second question concerns the responsibility of the federal
government with respect to navigable rivers, particularly as it affects
the problem of bank erosion. In this regard, I may say that parliament
approves the use of funds for protection works each year, only where
damages are caused by or endanger commercial navigation or federal
government structures, and for the completion of w_orks already under
way. There is, however, no statutory responsibility for the federal
government to do such work.

Mr. Chairman, those are the answers which the Department of Public
Works have supplied.

The CHAIRMAN: Gentlemen, we have with us this morning Mr. McTaggart-
Cowan, director of the meteorological branch ‘of the Department of Transport.
Mr. McTaggart-Cowan has come from his headquarters at Toronto.

At this time I would ask Mr. McTaggart-Cowan to proceed with his
presentation. '

Mr. P. D. McTacGART-CowaN (Director, Meteorological Branch, Depart-
ment of Transport): Thank you very much, sir. '

I thought perhaps the best way of presenting the meteorological as-peqts
of water was to first give you a very brief outline of what meteorology is,
because the scope of it has changed substantially over the last 20 years; and
then proceed to relate meteorology directly to the water problem. :

I might say also, Mr. Chairman, that I brought with me copies of certain
reprints of scientific articles to which I think the committee might wish to
refer. I will make mention of them in my presentation. Also, I have single
copies of other articles, of which I could not get multiple copies. If you
wish, I will leave these as reference material.
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The CHAIRMAN: Thank you very much. Could we have these articles
distributed.

Mr. McTAGGART-CowAN: I think the simplest way to define meteorology
is that it is the scientific study of the atmosphere and, in the context with
which we will deal today, it is a study of the lower 20,000 to 30,000 feet
of the atmosphere which is important. In the context of the space age, of
course, the atmosphere surrounds the whole of the sun. In this context then
our weather and climate are themselves a basic natural resource; and it
is only through the knowledge and understanding of the water and the
climate that the management of the other natural resources such as water,
forests and agriculture can be progressed intelligently and managed effectively.

In regard to this concept of water and climate as a basic natural re-
source, the thought has been creeping over the world, largely in the post-war
years, and to a considerable extent brought about by the realization that
the world has a real water shortage over most of its area, that the effective
management of this condition depends, to some extent, on our knowledge
of the weather and climate of the area concerned.

Now, naturally I will confine my remarks today, to the subject on which
I am competent to speak—meteorology. I would not want for a moment to
leave the impression that the related disciplines in this water problem are
less important. simply because I did not mention them. However, I hope,
as I go along, that you will see that the meteorological aspect is really a
science service that has to be provided to the hydrologist, the hydraulic en-
gineers, agronomers, forest scientists, and so on, so that they can play their
part in the over-all management of water. And while, perhaps, the knowl-
edge we have is a key part of the whole machinery, it is nothing more than
just a cog in the whole complex problem. 3

Meteorological activities of importance to this problem fall into four main
categories.

The first is the field of measurement; and in any of the natural resources
the understanding of the problem depends on getting out and measuring
the physical parameters—the wvariables, that define the field. The rest of
your work is only as effective as those measurements are accurate. However,
I will come back to that later.

The second role of the meteorological service is perhaps the most widely
known, and that is the forecasting role. To most people of the world this
conjures up in their minds that this concerns the forecasting of civilian or
military activity but, at the present time, that is only one part of the fore-
casting or predicting role of meteorology, and it enters, equally importantly,
in' the water management complex as it does to land, water and air transport-
ation, as it does to forest management, and almost every activity. This is
consequent on the increase of our ability to predict meteorological phenomena.

The third facet we call climatology, which use the same basic measure-
ments which are used in forecasting; and we process them in a statistical
~manner to define the climate of the area or to determine probabilities of
certain events occurring, or the probability of certain maximum events re-
curring again in “X” number of years. The field of climatology depends on
the amassing not of one or two years of records but of 30, 50 or 100 years,
in order to draw a sound conclusion.

Finally, there is the field of research, wherein we hope to plug gaps
—and there are many—in our present knowledge. I will return to this again
in connection with the water problem, where there are real gaps in our
knowledge. = So perhaps that, sir, gives you a capsule picture of the field
in which we operate.

From the standpoint of our capability naturally with the development
of Canada over the last hundred years the primary initial requirement was

1
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to ensure, in so far as the meteorological part was concerned, safe and efficient
transportation. When you have such a small population widely scattered,
transportation is perhaps the key role. Certainly in the post-war period,
with the rapid growth in population, water and natural resources are being
used more intensely, and the emphasis in meteorological service is rapidly
balanced out to where the demands of natural resources have nearly equalled
the demands for transportation and the like.

Then, if I can go from that to directly correlating meteorology with water
resources I would like to refer to the first chart I have here. I apologize
for the size of the print. The artist had to make a guess as to which com-
mittee room you would be meeting in, and I think he guessed a little wrong.

The principal thing I want to demonstrate here is what is known as
the hydrologic cycle. This shows the interlocking coordination which is
necessary between your hydrologist, your hydraulic engineer and the mete-
orologist, if this problem of water is to be tackled effectively. Here is where
we interlock with the water resources branch, where the problem can only
be progressed on a joint basis.

The water cycle or hydrologic cycle is schematically predicted here and
it is a closed circuit, so it does not matter where I start in the description.
Let me start with the oceans. There, with the effect of solar radiation, water
is evaporated from the ocean, condenses when it reaches a certain level of
the atmosphere, is transported over the continents by the upper winds, is
steadily cooled to the point where the cloud drops coagulate into rain droplets
and they fall out and you get precipitation either in rain, snow or sleet, and
SO on.

From that point on you have a whole sequence of ever}ts. Part of the
moisture that falls on the continents falls on yegetation, is used in plant
growth, and is also evaporated from the surface of the leavgs, so we haye
what we call evapo-transpiration, which takes place immediately the rain
falls. Immediately the ground is wet there is a water feedback into the

atmosphere from vegetation.
: Part of that rain runs down into rivers and lakes. From your lake
surfaces, of course, you have a feedback of evaporation jche same as you
have from the oceans; and both on the bare ground and in the rivers and
lakes you have seepage into the ground with the accruals of waters called
ground water. Then from the rivers and lakes you haye a steady run-off
into the oceans and then the cycle starts again,—evaporation from the oceans,
condensation in the clouds, a transportation over continents by the upper
winds, formation of rain and the cycle keeps going on. :

If you stop this cycle it would take only a few days for the continents
to become deserts. The holding time of the water in the atmosphere is extra-
ordinarily short. It naturally varies around the world, but the total water
budget in the atmosphere at any particular time is quite a precarious economic
situation, and that is why you have cycles of droughts and severe floods. ’I_‘hls
."is a sort of key concept in the approach to the water problem, this hydrological
cycle, and the name appears again and again in the literature.

Perhaps, sir, if I transfer my papers to the other end of the table I
would save the committee’s time.

The part of meteorology which deals with this hydrological cycle, prin-
cipally the precipitation and run-off factor, is known as hydr-g-meteorology,
to indicate the linkage with scientific hydrology and hydrauhp engineering
and as merely an example of how it is applied I brought copies of a little
presentation that was made to the royal society of Canada back in 1957,
which details hydrometeorology and its application in Ontario. It could equally
well have been written with regard to any other province. It happened to
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be Ontario. The starting point of hydrometeorology in Canada was imme-
diately after hurricane Hazel and Mr. Bruce, the author, was the man we
assigned to assist the provincial government in this situation.

The field of the application of meteorology to water problems, is so
complex that I thought, sir, perhaps the best way to approach it was to
take a series of specific examples which will illustrate fields. I will talk
to the specific examples and hope that in so doing the field to which it is
related will be sufficiently described. ;

The first of these, then, is the design of major dams. Actually, the
design of the dam itself is not a meteorological problem; it is an engineering
problem. But in order to determine the factors that have to be integrated
in the engineering design one must know the amount of water that has
to be contained. The dam, we will presume, is a multi-purpose dam, as
most of them are in Canada, serving for both water storage and flood allevi-
ation. If it is to alleviate floods it has to alleviate the bad floods along
with the small floods, and that is where the meteorologist comes in—what is
the maximum possible flood that will occur, we will say, in fifty years, in
a hundred years or a thousand years? Which one the engineer takes is
largely a matter of economics. In these things he would normally have to
take some kind of a gamble against the cost of building a dam to face the
most fantastic storm that could ever be imagined—in which case you would
be putting a dam the size of the Boulder dam on a creek that went dry in
the summer. So the problem facing the meteorologist is to make a scientific
assessment of the maximum storm rainfall over the watershed that is to
affect that dam.

With nothing but short-period records of most of the watersheds to
work on, the technique is that you look around the continent to study storms
that have a similar character. It is a matter of pure scientific judgment
as to which of those storms that occurred could oecur in the area being
studied. Then you take the precipitation from one from perhaps a thousand
miles away, transpose it over your watershed and then make reasonable as-
sumptions on the state of the ground at the time that rainfall was precipitated.

Here again the judgment factor enters because naturally when one wants
to play safe with the thing one could take the worst storm and put it
down in the area just when the snow cover is maximum and let the whole
thing run off and one would get a fantastic output. There are judgment
factors entering into it all along, where you have to make a reasonable
assumption that the wettest storms happen at times other than the spring;
therefore you assume that the snow melt is at a different time to the maximum
precipitation.

The end result of that analysis is a communication to the design engineers
of the probable maximum precipitation and an estimate of the speed of the
runoff. This, then is communicated as design goes on. It also enters into
the design of the spillway which is the protection feature to prevent a dam
overflowing and inundating towns and villages downstream.

As an example, before hurricane Hazel, this type of meteorological work
had not been done in Canada. Hurricane Hazel caught the public imagina-
tion. Something had to be done, because too many structures were destroyed.
Since that time I think I am safe in saying that every dam designed in
Ontario has gone through this process of the communication of meteorological
data to the design engineers before the designing was finalized. The spread-

ing of this technique across Canada I will refer to towards the end of my'
talk.
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The next big subject is the operation of the dams. Most of these dams,
as I have mentioned, are multiple purpose dams serving both for flood con-
trol and water conservation. If the dam was single purpose, just for flood
control, the operation would be very simple—you would spill all your water
in the winter, lock your gates and just spill the flood water at a normal efflux
to prevent any damage. But if you did that and the dam was a multiple
purpose dam, you would probably enter the summer in most years with
the dam one-third full, so that, you would not have any water for con-
servation, irrigation, or other uses.

So that the problem facing those operating dams is how much water
do you spill in order to contain the crest of the flood without having to spill
too much, and yet end up after the spring melt with the dam full. Here
again, the meteorologist enters into both the climatological side, which gives
him a picture of the normal operation, and the forecasting side, which gives
a short-period indication of when to spill in anticipation of a flood crest,
and when to hold because the flood crest appears to be past.

On those rivers that flood, and particularly those without dams the
science of meteorology has a capability of flood warning to give short period
advice to those downstream who are likely to suffer property damage and,
in extreme cases, loss of life. That is a side that is only in its infancy in
Canada. It has been developed very extensively in the United States, jointly
by the United States weather bureau and the corps of engineers. They did
a very careful study of the financial aspect of it because it is an expensive
business. To do flood forecasting for the short rivers you need a very dense
network of gauging and measuring stations. The longer rivers are measurable
following a flood crest by a simple gauging. The short rivers are a straight
forecasting problem because the floods are of a flash nature.

In the United States, in spite of the higher costs of river forecasting
service, the benefit to cost ratio in their analysis was 30 to 1, which sounded
like a reasonable investment. As I say that type of operation in Canada is
strictly in its infancy but the science permits of it if the cost of the service
is justified.

I would like to turn next to the question of irrigation, because in' a multi
purpose dam a good number of them will be storing water'for agricultural
irrigation purposes. Here again two problems, one of design and one of
operation. In the design field the question is as to the frequency of fir'oughts,
their severity, and their durations. This is a key factor in determining the
size of the dam to contain the necessary amount of water to carry you through
those periods and, just as in designing a dam for floods, you have to take a
calculated risk. ! ;

If you wanted to protect yourself against any drought that might occur
in the next thousand years, the body of water you wquld have to store would
be extremely large. What we attempt to come up with are frequency tables
to show the amount of water that would be needed on the basis of a recur-
rence frequency of drought of ten years, twenty years, f:1fty years or one
hundred years, so that those who are responsible for spending the amount of
money will know what risk they are taking and the need can be translated
into dollars and cents.

Of course, in this work we are intimately connected with the Department
of Agriculture. You will note that the paper which I brought down on the
scheduling of irrigation is a joint paper between George Robertson, one of our
scientists, and Dr. Holmes of the Agriculture Department. Our man, George
Robertson, actually works right inside the Department of Agriculture, because
we have seconded him to it for these special jobs requiring a team effort.
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The scheduling of irrigation presents special problems and is in many ways
the key to the successful use of water for agricultural purposes. If you have
plenty of water you can open the irrigation gate every time the ground looks
dry. You will do some good, and probably some harm too, because the chances
of flooding the field and damaging the crop by an abundance of water is about
equal to the chance of not giving it enough. So the scheduling of the irrigation
demands attention. Once it is understood in the scientific sense it is easy to
teach the actual farmer.

The determination in the scientific sense is not so easy because it depends
on the parameter evapo-transpiration which is actually linked with the crop
and the ground. If you have rotation of crops your evapo-transpiration factor
might change. It depends on the depth of the roots of the crops.

I do not want to go into too much detail. The little paper, I think, will
fill this picture out. Suffice it to say that here the meteorologist, the agrono-
mist and the hydrologist form a team giving advice to the farmer on how to
make use of the water; and if that maximum use of water is made, a small
amount of water can be spread a long way and promote a good growth and a
reasonable crop yield.

From there I would like to go to lake water levels, currents and winds in
the larger lakes, because they present special problems. I regret I was unable
to get multiple copies of this, but last December at the American association
for the advancement of science meeting in Chicago, our Mr. Bruce and the
university of Toronto’s Dr. Rogers, gave a paper on the water balance of the
Great Lakes system. I have a copy and I will be happy to leave it with you.
This points up the problems specifically with respect to the Great Lakes.

We also had in February 1959 a symposium on the Great Lakes under the
auspices of the royal meteorological society, and copies of this are available in
quantity.

The problem briefly, from the meteorological side, is one of winds, waves,
precipitation and evaporation, because your winds and your waves enter into
problems of erosion, in breakwater design, in harbour design, and the precipi-
tation and evaporation are an essential part of the over-all water balance. Here
our scientific ignorance is really colossal. We have really no sound idea of
the actual precipitation that falls on the Great Lakes themselves. We have a
fairly good idea of the precipitation that falls on the lands surrounding the
Great Lakes: but the Great Lakes, after all, are a substantial area and we have
no accurate measurement of the precipitation into the lakes themselves—which,
of course, is 100 per cent catch because you do not get any seepage to ground
or evaporation prior fo its going into the lakes.

The problem is not simple. We think that the precipitation over the Great
Lakes themselves is less than on the surrounding lands. We are happy to say
that a scientific endeavour was launched last year and is now, I hope, on a
‘sounder financial basis, where the university of Toronto will direct a major
scientific effort into the limnology of the Great Lakes, which includes meteoro-
logical and precipitation problems. It is a sicentific effort which will be directed
by the University of Toronto. The ship belongs to the Royal Canadian Navy.
It is one of the gate vessels from Halifax. It is supported by water resources,
by ourselves, and by the various provincial departments; and the university
of Western Ontario will also be co-operating. This will be the first major
scientific effort in the Great Lakes, and our hope is that from this we will be
able to fill in th.ese gaps in our knowledge over the next five to ten years, and
perhaps then without a similar costly research be able to translate that knowl-
edge to lakes such as lake Winnipeg and the other large lakes across the country.

Precipitation we have already mentioned. The problem of just measuring
it on an unstable platform in the middle of the lake is a nice teaser. We
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think we are on the track. Evaporation is another very important factor
because, while in Ontario the total evaporation during the year is less than
the precipitation—in other words, you end up with a plus—in many other
parts of Canada this is not so.

For example, you take the interior of British Columbia, the Kootenay
and Okanagan lake areas. Evaporation there is about 35 inches of water
a year, and precipitation is between 10 and 17. So in the dry belt you
are constantly ending the year with a negative water budget in this hydro-
logical cycle. Thus, you are dependent on water coming into the area from
sources where a plus result is possible.

Of course, the net result of precipitation minus evaporation, plus inflow
from other areas, determines the amount of water that you have to use—
unless you go into some artificial means of increasing it. And as I say the
divergence of opinions—and they are large with respect to this water budget
of the Great Lakes—is fantastic today, by several orders of magnitude, simply
because the key values are not known. For this whole problem of water
planning of the Great Lakes and St. Lawrence river I would suggest it is
quite vital that this information be obtained as quickly as possible.

Then, going from that to the rainfall-intensity-duration-frequency table

-—that is quite a mouthful and we put hyphens between each word to make

it more difficult—this is the parameter that is needed for designing storm
sewers, spillways for farm ponds and other small ponds and general urban
drainage problems. Because there the maximum load on this type of struc-
ture is not necessarily the spring runoff; it is the sudden downpour of rain
from a thunderstorm or from a spring storm just as the snow is about ready
to go. It is a combination of the intensity of that rain, its duration, and the
speed of runoff; because as you urbanize an area and pave roads and have
close cut grass around the houses, water runs off much, much faster than
it does when the same land is farmed. So the maximum design criteria in-
crease as the area is urbanized; and, naturally, town planners want to put
in their storm sewers and by-passes of sufficient size so that the area has
a growth potential from that standpoint. ;

Up until last year the problem here was solved very largely by Canad}mn
engineers looking at data that had been developed for areas in the United
States and just closing their eyes and using it, because we 'dld not hav.e
the staff in Canada to work up the data. Our network .of 1nstr1.1ments is
certainly deficient from the standpoint of giving reliable'mformatlon. But
what we have done—and here there were sufficient copies pase_d around,
and you will notice it is by the same author, J.. P. Bruce. This is because
the hydrological section in our headquarters is just one man, so tha? same
name keeps appearing.- He has taken the sparse network of automatic rain
gauge records that we have and come up with design ﬁgurgs for most areas
of Canada. They are approximate; they need a lot of refining; but at least
now they are available. | .

To give you the order of magnitude of the need for these figures, since
last summer, when these figures became available, they have ‘pgep u§ed in
the design of over $10 million of storm sewer and by-pass facilities in the
city of Toronto alone. What the figure is across the country, I have no
idea.

The need for this was very great. This does not answer all jche questions
which are intimately connected with our cross-dicipline studies of water
resources and the change in run-off characteristic by urbanization. This
merely gives the rainfall intensity and duration frequency occurrence: the
run-off has to be assessed separately. y

Going from that to an estimation of the water yield and flood flows on

" watersheds, if the watershed is gauged by a network of river gauges—which
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is part of the water resources branch activity—then a meteorologist merely
enters in an advisory sense in the transposition of maximum storms, because
the flow conditions in the watershed then are amenable to an engineering, and
scientific hydrologic approach. -

In an ungauged watershed—and we have many of these across Canada
—we have to put our heads together with the hydrologists and the engineers,
using the storm transposition technique. Making an estimate of the evapora-
tion from the watershed, we can make a modestly successful estimate of the
sort of character and life history of that watershed under flood conditions;
and also under sustained yield conditions, because this, after all, is equally
as important as the flood in assessing the hydro-electric potential of that water-
shed.

It is very much of a second best proposition, but we do—and I will
mention some specific instances in a moment—conduct such studies on water-
sheds for which there are no readings at all except our basic national rain
gauge network, so we have some idea of how much water starts down that
cycle. Using straight scientific judgment, we come up with a first approxi-
mation. But for any accurate work, the gauging of the rivers is a sine qua non.

Passing from that to evaporation: I have talked about evaporation and
its essential role in the hydrologic cycle, but there is another very important
role which it plays. That is, as soon as a dam is built and water contained,
the evaporation from the larger body of water created by the dam goes up
several orders of magnitude as compared with the evaporation that takes place
on the surface of the stream that was dammed. These evaporation losses
are sufficiently serious in many areas across Canada to represent several feet
of stored water in the course of the growing season.

There are certain techniques that can be used for reducing evaporation.
Evaporation fundamently being a product of the wind, plus solar radiation,
you can construct shelterbelts around the margins of your reservoir. This
is quite effective for the small and medium ‘sized reservoirs. If it is large,
the sheltering effect soon disappears a few hundred yvards from shore. But
it does have a measurable effect.

The other approach—which has been progressed quite extensively in
Australia, where you can imagine that the problem in the central part is
of the order of several times larger than Canada—is by spreading a film
of cetyl-alcohol over the reservoir. In that way you can prevent evaporation
almost completely. The trick is that that is a monomolecular layer and if
wind comes up, the layer itself can be broken and evaporation sets in. But
in the calm, hot summer weather that is predominant in many dry areas, this
cetyl-alcohol treatment deserves serious consideration. They are quite
optimistic about it in Australia. Most of the work there has been done by
Dr. Priestley in their research division, and has been published.

The CrAIRMAN: Is that an expensive operation?

Mr. McTaceaRT-CowAN: Using cetyl-alcohol is expensive, and eco-
nomically it is only justified in those areas where evaporation counts for a
substantial part. If it is going to remove up to half of the stored water, then
the cost of using cetyl-alcohol is justified. If it is only going to remove one-
tenth or one-fiftieth, the answer is that it probably is not. But the researches
into this are still in their early stages—and surely there is another substance
that will do the same thing and cost a lot less. This is the challenge. And,
of course, the substances you can use depend upon whether the water is
strictly for agricultural purposes or whether it is also for domestic consump-
tion. If it is for domestic consumption, there are certain substances that the
population would not tolerate, which agriculturally would be perfectly safe.
So I offer it as one approach for the small and medium sized reservoir. For
the larger reservoir, no, I do not.

-
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I go to another aspect, and that is the water balance investigations,
which include the manipulation of vegetation to improve water resources.
Here we run into what to me is one of the most intriguing parts of this
whole complex, and I use three specific sources. There is the Napanee water-
shed in Ontario, from which the town of Napanee gets its water supply, and
about half way down the river there is a wetland, which is essentially just
a marsh. Those farmers who look with longing eyes on the Holland marsh-
lands are, of course, always anxious to drain these marshes because they
think there is a gold mine hidden in the black muck underneath. But if
you drain wetland like that, there are a number of consequences that are
not perfectly understood.

Certainly that wetland is a primary source of seepage to produce ground
water. The replenishment of that ground water is essential if your farm
wells are going to produce water for farm use. Also, it is a nice cushion or
muffler for the variations in precipitation and evaporation. It is in itself
a natural reservoir. Even though the depth of visible water in this marsh-
land may appear to be only a matter of inches, its depth in terms of total
water stored can be many times as great. :

Then, on the other side, the proponents of drainage argue that if you
allow that marshland to exist, your evaporation is tremendous compared to
if you merely dug a ditch through the marsh and passed the water in a
narrow, quick-running stream and built a dam down below to facilitate your
water conservation. In studying this problem we ran across a very interesting
Russian book. I might interject here that we profit from a very good
exchange of scientific information with the hydrometeorological service of
the U.S.S.R., and this was one of the books that they sent us.

It may interest you to know that the meteorological service in the Soviet
is called the hydrometeorological service, which indicates the importance
which they attach to water management problems in the meteorological
sense. Unfortunately, this publication is not available in quantity. I think
additional copies could be obtained. But we have presented a condensation
of that book, showing the type of activity that goes on in the? Soviet to c%e-
termine, with regard to these wetlands, what is the best thing to do with
them. It is quite a short article, and it is in the conference report, a copy
of which I will leave with you, sir. :

In essence, though, they put a tremendous amount of energy into this.
Also, of course, with regard to conservation, the biologists and zoologists all
get into the act, because the wetlands are a haven for water fowl, and if you
drain them, that aspect goes. ; '

So one aspect of that water balance problem is your wetlar'lds: should
you retain them as a natural resource; should you drain them in order to
turn them into another type of natural resource? I think that e_ach one has
to be studied by itself. This is the Soviet answer——tha't there is no §1mp1e
answer. The Holland marsh technique is probably right, because it has
been done and the water levels in the surrounding wells are still reasonably
adequate. ; ;

With regard to the Napanee one, there is a great big question mark
after it—whether, if that is drained, the water supply from that may just
dry up in the summer. ; .

The next example—this one I have just given you 1Is rather small—_ls
fantastically large, and that is the problem surrounding the eastern Roc;k1es
as far as the conservation board is concerned, and the Saskatchewan river.
The amount of water that can flow down that river depends on the snow
catch and retention in the headwaters, which are largely in the areas served
by the eastern Rockies Conservation Board.
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There have been preliminary interdepartmental discussions on this. It will
require the common approach of a considerable number of scientific disciplines
in order to come up with a reasonable recommendation as to what should be
done. The forestry people enter into this; the agricultural people do and, cer-
tainly, the water resources branch is the hard core, because this is what we
are talking about and we, the meteorologists. The zoologists enter into it.

To give you an example: assume a certain snow catch in the high levels of
the mountains starts to melt. If it flows through the forests a large part is used
for the growth of the trees. Trees are lavish users of water. But a certain
amount seeps into the ground; and a large amount is transpired because of the
tremendous leaf area exposed to the sun. If you have a forest you lose a lot of
water as the snow melts and runs off. But, if you had that land as grassland,
you would find that it is a much more economical user of water. It will hold it
back enough so you do not get bad floods, but it will certainly dump more' water
into your reservoirs than a similar area of forest. If you disturb the balance
between your forests and grasslands, you upset the balance of nature with
respect to your wildlife. In reverse, if you cut down your coniferous trees and
rely on the growth of the deciduous, your larger animals—such as the elk—
can be used as a control measure to keep the deciduous trees from over growing
your grasslands. Increase your elk population and they will increase your
grasslands. That is on the positive side.

Now, on the negative side. If you destroy this existing balance, What do you
do to the water table downstream in the province of Alberta? This has to be
looked at because you are trying to gather the water behind reservoirs before
it seeps into the ground. To what extent is the seepage into the ground on the
upper levels of the foothills? To what extent does it contribute to the water
levels in the agricultural areas of Alberta? That is something that has to be
answered. This is amenable to research; but it will require a concentrated effort
to acquire the necessary information. Therefore, there are a wide number of
disciplines that are needed. You are going to get some very strong conflicting
views among those outside the scientific discipline, who have a stake in the
common result. But certainly, in my humble estimation, it is a problem that has
to be tackled. .

As I will show in a moment, the water resources moving down the Sas-
katchewan river are a very marginal proposition, and now we are in rather
an above-average era in the water cycle. If we are planning resources on the
basis of the present flow of the Saskatchewan river, we should take steps to
see if there cannot be something done artificially to improve the capability of
carrying it over a drought era.

A suggestion has been made in regard to snow fences. For example, take
a northward basin gulley in the mountains and build the right type of snow
fence on the adjoining ridge, and that will increase the snow catch by 50 or
100 feet. If you distribute the wind pattern you can fill the whole gulley. How
many gulleys are there? What sort of structure? This is all possible. It is not
scientific nonsense. However, although it needs a lot of research, the benefits
could be substantial.

The third problem in this field is the question of glaciers. A good number
of the streams upon which the population depends are glacier fed, in the
western part of our country. The glaciers in these parts are receding. What is
the long-range prospect? If they go on receding, they come to the end of their
tether; the streams dry up, and it does not matter what resources you have put
in downstream, you have nothing to get. However, there is still a lot of ice
in most of these glaciers, even though they are receding. But there are glaciers
within Canada, even in the northern parts of Canada, that are in their final
stages of death. They are just little baby ones. Therefore, this situation cannot
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be ignored. It is a more difficult field in which to come up with answers, because
it depends on the very long-range swings of the climate. However, there are
glaciers in Canada which have started to grow again. Are these freaks of nature,
or an indication that we are rounding the bend and can stop worrying about
the retreating glaciers?

The McGill-Jacobsen expedition to Axel-Heilberg Island is going to
study three such glaciers in that area this summer and, I hope, the next three
summers. One of these glaciers is in the final stages now; one is retreating
rapidly; and the third is about holding its own. These are all located within
an area of approximately ten miles, and in this area you have these three types.
Efforts will be made to try to find out what the life cycle is that makes this
difference. Efforts will be made to see if we can uncover the clues as to
whether these glaciers which are not retreating are freaks of nature or early
indications of having rounded the bend between two ice ages. As our meteoro-
logical observations in Canada only go back just over 100 years, this is a very
difficult field of research. The first observation was in Toronto in 1839. There
were observations, of a fragmentary nature, in Quebec City for several years
before that.

However, the records of meteorological observations dates only from 1839
which, in terms of ice ages, is an infinitesimal period of time. So, we have to
get at it by indirect means, by consorting with the nuclear chemists, using
carbon 14 and all the technical information that has been developed in the
post-war era. Now, that is in the area of pure research.

The Napanee and eastern Rocky subject is a mixture of pure basic and
applied research. It can be processed. :

I would like now to move on to the ice formations and melting in rivers
and lakes. This is a field to which increasing attention has been given. I was
interested in Mr. Cote’s presentation to you of the deﬁnit_ion of “navigable
waters” because a few years ago we inherited the responsibihty_for ice observ-
ing and forecasting in navigable waters, because of the desire to navigate
further into the winter and, possibly, throughout the year. We were “dumped”
into that field. We should have had a five-year look at it before we started,
but we had to start and then have a 1ook at it. This is an expensive proposition, -
as your primary data gathering tool is the airplane, and airplanes are expensive.
The capabilities already have been seen. As you know, we had a quite success-
ful season in the Gulf of St. Lawrence, the Bay of Chaleur, and around there,
by playing our part in extending the shipping season by timely advice and
forecasting of the movement and the generation of ice. >

On the research side, we made a start on the great lakes with the use of
a ship— the Porte Dauphine, which has been on the lake afll winter. We
have recorded, for the first time, the temperatures of the waters in Lake Ontario
throughout the year. We have a first approximation of the heat budget of Lake
Ontario. This is a first step in forecasting the opening of navigation in the
great lakes. It would be worth while to hasten their progress in tha'g. Now,
there is a certain amount of guessing involved, but the tools are available to
take the guesswork out of it. Time, money and scientific personnel to do the
work are the things that are lacking.

Finally, in this sample taking tha
They are the mechanism by which

available for use as supplies of water. : ;
with the wetland study and in connection with the eastern Rockies study. How-

ever, they deserve study on their own, because a large number of farm we_lls
exist in areas where there are no adjacent wetlands or adjacent mountains
which would have a snow reserve, and yet those waters are replenished through
normal seepage through the ground from precipitation and snow. The over-all

t T have done, I would refer to aquifers.
farm wells—either dug or drilled—are
I have referred to them in connection
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life cycle there is not fully understood, and yet on that depends the judgment
on how much water you can take out of your well without lowering the water
table. With the number of municipal water supplies across the country,
dependent on pumping water, this is going to become an increasing problem.

The CHAIRMAN: Mr. McTaggart-Cowan, I am afraid I will have to inter-
rupt you for a moment. We have to adjourn this morning at 10.30 because
there are a number of other meetings and commitments.

As it would be almost impossible for you to complete your presentation
in the remaining time I would ask, for the benefit of those who are here—
there are not always the same members at the meetings—that you would
give them an opportunity of questioning you in regard to your presentation
up until now. I have a number of questions and, I am sure, other members
have.

Mr. DumAs: Mr. Chairman, may I say that Mr. McTaggart-Cowan’s
presentation has been very interesting. In regard to the lake water levels
on the great lakes—and I believe you mentioned we did not know too much
about precipitation on the lakes but that you are planning to do some study
in regard to this aspect—how do you plan to organize the work? How do
you plan to measure precipitation?

Mr. McTAaGGART-CowAN: The initial approach will be on this research
ship, the Porte Dauphine, which is operated by our marine branch of the
Department of Transport, and it provides the platform for the university of
Toronto group.

Mr. Dumas: And this vessel was employed for the first time last
winter—

“ Mr. McTAGGART-COWAN: Yes.
Mr. DuMas: —in taking the temperature of the water; and next summer
this vessel will be used to establish a platform to measure precipitation.
Mr. McTacGART-CowaN: Yes. That is only one of many scientific programs
with which we will be proceeding.

Mr. Dumas: What are the other programs?

Mr. McTacGarRT-CowaNn: Well, it will cover the full gamut of limnology,
wind drift on the surface waters, the currents in Lake Ontario, the effect
of erosion, and biological studies—that is, what organisms there are there
to support the fish population, which is an important problem. There will
be studies on water pollution and the passage of atmospheric pollution over
the lakes from one side to the other. It will involve the whole structure of
the lower layers of air over the water, and it will be necessary to take
measurements of evaporation and precipitation.

Mr. Dumas: And the university of Toronto will participate?
Mr. McTacGART-CowAN: They will direct the scientific activities.

Mr. SLogan: Along the same line, Mr. Chairman, I have a question in
regard to air pollution over the great lakes. The great lakes are in the
industrial centre of North America. Is air pollution—carbon in the air, and
carbon dioxide—going to stratify and cause much less evaporation on - the
great lakes because of the sun not' getting through?

Mr. McTaceaRT-Cowan: That is one of the things we plan to find out.
We do not know yet, and without measurements anything I say would be pure
speculation. 3

Mr. Srocan: There has been a noticeable increase in the amount of
radiation in the water surface of the ‘lakes from radioactive fall-out. Do
you take samples for the Department of National Health and Welfare on
this?
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Mr. McTAGGART-COWAN: Whenever one of our meteorological observing
stations is at a location where the Department of National Health and Welfare
wishes data we do it for them. We have technicians who are trained to take
physical measurements and they are available to the Department of National
Health and Welfare. In the same way if the water resources branch have
a stream gauge station at which it is worth while taking precipitation we
provide the instruments and their people do the work and vice versa.

Mr. SLocan: Is your department doing this at the present time? Is it
taking air samples and water samples?

Mr. McTAGGART-CowaN: Yes. The results of course are -handed over
to the Department of National Health and Welfare. We do not analyse them;

they do that.
Mr. Dumas: I understand Mr. McTaggart-Cowan will be back here again.

The CHAIRMAN: I hope he will.

Mr. DumMmas: Will you give us some information regarding the meteoro-
logical stations you have across the country?

Mr. McTacGarT-Cowan: Yes. That was the final part of my presen-
tation. Coupled with that is the key question of the cycle between droughts
and wet periods over the span of a century. This is very important to our

work.

The CHAIRMAN: Mr‘ McTaggart-'Cowan, ln Brltlsh Columbia, m the

coastal area of all places, there has been a'g_opc_l deal of expex:imentation in
rain making. Have you any part in the possibilities of rain making?

Mr. McTAGGART-Cowan: I will answer that this way. We have one of -
our major scientific projects at the present time called our PIECipatation
physics project. It is a joint effort with the national research council, sup-
ported by the forestry industry, and we study the whole mechanism of the
formation of precipatation. It is surprising that we as scientists have been
looking at rain ever since man was and there are a lot of unknowns_ as to
exactly what starts the cycle from the little cloud droplets that will not
fall to those that will. There are several theories but in each theory there

is a gap.
h study we are also examining what

As a second part of that researc 1 ;| 2o s :
happens when you inoculate the cloud with silver iodide. This again can
be done under controlled conditions in the laboratory. You can have a cloud

orm ice crystals. To what extent

chamber inoculated by silver iodide and f € 1
that can be taken out of the laboratory and put into nature is what we are
trying to find out. In the experiment we Aare using ?Jrcraft to place the
inoculant in the cloud. So we know it is there. This is opposed to putting
it out at ground level and hoping to carry it up. We estimate it will require
another four years before we can get statistically wvalid results from that
research. E :
An honest answer to your question so far as research right around the
world is concerned is that I think it can be said that under favourable con-
ditions on the seaward slopes of mountain ranges facing large oceans, in-
easureable increase. As you see I have

oculation of clouds can produce a m
put several qualifications in that statement. We do not know whether or

not it will do any good in the prairie provinces or in eastern Canada.

Mr. DumMas: But some experiments are being carried on?

Mr. McTacGART-CowaN: Very definitely. It is our largest single scientific
project. There are actually two. We are taking the same approach on the
hail problem in Alberta. The former project is being carried on in the
boundary between Ontario and Quebec.

22871-8—2
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Mr. Dumas: Some of these experiments are being carried out also by
private organizations.

Mr. McTAGGART-COwAN: In our terminology they are experiments in
the operational sense but not in the scientific sense. The wide variation
in natural rainfall requires scientific experiment. It has to be very very
carefully designed. We are not out to produce water for useful purposes
in this experiment.

Mr. Dumas: But some private companies are doing that.

Mr. McTAGGART-COWAN: Yes.

Mr. Dumas: I understand the Shawinigan Water and Power Company
are doing this. Have you any information on the work they are doing? At
the next meeting would you comment on that?

Mr. McTAGGART-COWAN: We are aware of their work.

Mr. DumMAas: And you have the information?

Mr. McTAGGART-COWAN: Yes.

Mr. DumMas: They keep you informed.

Mr. WooLLiAMS: I noticed you mentioned the hail problem in Alberta.
There is a lot of diversity of opinion as to whether or not hail suppression
has any value. This is something I would like to hear a comment on. I
believe there is a hail suppression program being carried on by a private
corporation.

Mr. McTAGGART-COWAN: I can answer that briefly now if you wish.
The CHAIRMAN: Yes.

Mr. McTaccarT-CowaN: Hail suppression is even a trickier thing to work
with than rain. Rain is bad but hail is even worse. The only honest answer
I can give you is that this commercial attempt at hail suppression in Alberta
may do good, it may do nothing, and it may do harm. That pretty well
covers it. Those three possibilities are all honest scientific possibilities. It
is in order to determine which one that we have this large hail research
project in collaboration with the national research council and the Alberta
research council with McGill university as the prime contractor. We will
get the answer, but it may take another five years. Right now we have
to give all three possibilities. To show how our opinions are developing,
if you had asked this question this time last year I would have said it may
do good or do nothing. However, from the results we gathered last year and
which are being analysed at McGill university it is necessary with reluctance
to add that third possibility.

Mr. WoorLriams: It is pretty sad for some of the people who may be
spending $125,000 a year or more if it is doing some harm.

Mr. McTAGGART-CowAN: When we added that third possibility we at-
tempted to get the money to double our expenditure on that project because
as soon as we added that possibility, not having previously suspected it, it
became really urgent and we hope to spend twice the amount of money
on that research project this year that we did last year.

The CHARMAN: Thank you very much for your contribution. I am sure
there are a number of questions in the minds of the members. We would
like to hear the rest of your presentation at the next convenient opportunity.
I myself have a number of questions which are pertinent to this subject.

We will now adjourn until Monday at 11 o’clock when we will meet
in room 238S.
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MINUTES OF PROCEEDINGS

Monpay, April 4, 1960.
(5)

The Standing Committee on Mines, Forests and Waters met at 11.15 a.m.
this day. The Chairman, Mr. H. C. McQuillan, presided.

Members present: Messrs. Baskin, Dumas, Fleming (Okanagan-Revel-
stoke), Hicks, Kindt, Leduc, MacRae, McFarlane, McGregor, McQuillan, Payne,
Simpson, Slogan, Stearns, and Woolliams. (15)

In attendance: From the Department of Transport: Mr. P. D. McTaggart-
Cowan, Director, Meteorological Branch. From the Department of Northern
Affairs and National Resources: Mr. E. A. Coté, Assistant Deputy Minister;
Mr. J. D. McLeod, Chief Engineer, Water Resources Branch.

The Committee resumed consideration of the 1960-61 Estimates of the
Water Resources Branch of the Department of Northern Affairs and National
Resources.

Mr. McTaggart-Cowan continued with his statement and dealt with rain
gauge networks, international developments and climatic fluctuations, and was
questioned thereon.

The witness emphasized certain points by the use of charts.

Mr. McTaggart-Cowan tabled one copy of the following documents and
commented thereon:

(1) Technical Note No. 25—

Design of Hydrological Networks, by Max A. Kohler;

Technical Note No. 26—

Techniques for Surveying Surface Water Resources, by Ray K. Lins-
sley; (Identified as Exhibit No. 3).

(2) Climatological Observing Stations; (Identified as Exhibit No. 4).
(3) Some characteristics of Precipitation in the Canadian Prairies, by R.
G. Kendall and N. K. Thomas. (Identified as Exhibit No. 5).

(4) Variability of Amnual Precipitation in Canada, by Richmond W.

Longley; (Identified as Exhibit No. 6).
(5) Preliminary Estimates of Probable Maximum Precipitation over
Southern Ontario, by J. P. Bruce; (Identified as Exhibit No. 7)..
(6) Agricultural Meteorology Canadian Society of Agronomy; (Identified
as Exhibit No. 8), ‘ ! :
and the following document referred to in his statement on Friday, April 1:
(7) Plan for Flood Control and Water Conservation presepted to the
Metropolitan Toronto and Region Conservation Authority; (Identi-
fied as Exhibit No. 9).

The questioning completed, the Chairman thanked the witness for his
bresentation.

The Chairman announced that Mr. Fox, a United States authority on
water problems would appear before the Committee tomorrow, Tuesday,
April 5th. :

At 12.20 p.m., the Committee adjourned to meet again at 9.30 a.m. Tues-

day, April 5th. M. SLACK

Clerk of the Committee.
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EVIDENCE

MonpAY, April 4, 1960.
11:00 a.m.

The CHAIRMAN: Gentlemen, we have a quorum. We have Mr. McTaggart-

Cowan with us again; and we will ask him to proceed with his presentation.

Mr. P. D. McTAGGART-CowAN (Director, Meteorological Branch, Depurt-
ment of Transport): Thank you, sir. I thought that perhaps this morning,
sir, I might very briefly go over the hydrometeorological activities that we
now support, having at your last meeting fairly well covered by example the
field in which meteorology has a bearing on the water resources. We have
only three scientists working in this entire field. One of them is at our
headquarters, in what we call our hydrometeorological section.

The CHAIRMAN: Would you mind speaking up, Mr. Taggart-Cowan.

Mr. McTAGGART-COwAN: I am sorry. One of the three scientists we have
working on hydrometeorological problems is located at our headquarters and
is engaged at the moment in an investigation of the maximum rainfall,
snowmelt and flood studies on the Quebec north shore as a preliminary for
the engineering studies of the hydro-electric potential of that area, where
we understand over the next 10 to 20 years there will be substantial develop-
ments in the engeneering state.

As soon as he has completed that, he will go on to a similar study for the
Saint John river in New Brunswick. He will also be collaborating with the
university of Toronto for the operation of the research ship Porte Dauphine
on the Great Lakes. He has presented a study of the frequency of one and
two-month droughts across the country and is responsible for developing the
recording rain gauge network across Canada and our capability to measure
evaporation.

The second meteorologist we have assigned in this field is seconded to
the conservation branch of the Ontario Department of Planning and Develop-
ment. That was a secondment which grew out of the results of hurricane
Hazel. His responsibilities are twofold: one, to develop and operate a river
forecasting and flood warning service for southern Ontario waters, and
secondly, to provide design criteria for dams and other flood alleviation struc-
tures in that area. o

The third man we have working in this. field is seconded' to the'DI‘alrle
farm rehabilitation organization in Regina. He took up his appomtmer}t
only late last year and is busy studying the rainfall of the 69 worst storms in
the prairie provinces since the year 1857. These design studies will then be

placed in the hands of the engineers and used for the general structures '

design being developed by P.F.R.A. There are minor activities at our forecast
offices, but they are purely of a secondary service nature. :

Coming now to the observing networks, I thought the plost important
from the standpoint of water are the rain gauge networks in the country.
Here we have a comparison—I apologize, again, for the size of the figures—
between the situation in Canada and in other countries. You can compare
the number of rain gauges in two ways, either per 10,000 population, which
is perhaps a measure of the cost per taxpayer for this ch111ty; or, per thousand
square miles, which is the basis to determine what kind of sample you are

taking of the precipitation falling on Canada.
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Coming first to a comparison with other commonwealth countries,
Australia, New Zealand and South Africa, the number of rain gauges per
10,000 of population in Canada is 1.1, whereas Australia has 5.8, New Zealand
6.1 and South Africa 2.8. If you take it on the basis of per thousand square
miles, we are 0.4, or one gauge for every 2,400 square miles; Australia is 1.7,
or one in every 600 square miles; New Zealand is 10.7, which is one gauge
every 94 square miles, and South Africa is 3.5, or one gauge every 290 square
miles.

If you eliminate the wasteland areas, then the ratios per thousand square
miles are 1.0 in Canada; 3.2 in Australia; 14.2 in New Zealand and 4.4 in
South Africa. So that, with either comparison, with respect to the common-
wealth we are very much below the others.

If you come to other large countries, the United States, the United
Kingdom, Sweden and Norway, then on the per 10,000 population we are
about the same. In other words, we have 1.1; the United States, 0.9; the
United Kingdom, 1.1; Sweden, 1.2, and Norway, 2.0. But if you then go to
the number of rain gauges per thousand square miles—which is the scientific
measurement—we are 0.4, as opposed to the United States, 4.6. In other
words, we have about eleven times fewer gauges. The United Kingdom
figure is 55 gauges per thousand square miles, Sweden is 5, and Norway, 5.
So that in comparison with those countries we are taking very, very small
samples of the precipitation measurements.

This is our growth curve in the establishment of precipitation observing
stations and, as you can see, in the post-war period we have been doing our
best to improve the situation. This is the graph from 1870 up to the present
day, and at the moment we have about 1800 rain gauges across Canada.

Mr. Dumas: Eighteen hundred?

Mr. McTAGGART-CowaN: Yes. The limitation, of course, is a matter of
staff—to go out and find the observers, train them and install the gauges;
and money to pay for it.

Then coming to other activities in the network field, we have, in coopera-
tion with the eastern snow conference, collected all the snow measurements
made by, as far as we know, all agencies, federal, provincial and industrial
that take snow measurements, and we publish them on an annual basis. This
is done for eastern Canada. It is not yet done for western Canada: there does
not appear yet to have been the demand.

If I may turn, then, to liaison. I have already referred to the very close
liaison which we have with the water resources branch. We have a good
liaison with the various provincial water resource organizations, the Quebec
Department of Hydraulic Resources and the Ontario Department of Lands
and Forests conservation branch, and so on, across the country. The extent
of those liaisons with the provincial organizations depends on their need for
our services.

In the international field the scientific meteorological work throughout the
world is coordinated by the world meteorological organization, which is one
of the specialized agencies of the United Nations.

Last year at its congress it established a mission on hydrometeorology We

have two representatives on that mission, one from the water resources branch
and one from the meteorological branch, so that we are represented both on
the meteorological side and the scientific hydrologist side. The activity in the
United States I have already referred to and, as is shown by a very, very
dense network of precipitation recording stations, they are very active in all
the fields. I outlined these at your last meeting.

In Australia they finally in 1957 set up a hydrometeorological section of

their weather bureau. We established ours,—if you can call one man a
section,—in 1958.
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Coming now to perhaps one of the most important aspects of the water
problem in the prairies, I would like to refer to climatic fluctuations, because
measurements taken during any one year or any one period of years are only
helpful when they are correlated to the general precipitation over a century
or more. Here I have graphs of the fluctuations of precipitation from 1890
through to the present time. If I had plotted the actual values the thing
would have been a point table graph. It would have been very hard to see the
pattern. So what I did was to take ten-year moving means; in other words,
you take the mean of the precipitation for ten years and plot it on the date of
the last year. In other words, the figure plotted for 1900 was the mean of
the precipitation that fell between 1890 and 1900 and then the figure plotted
for 1901 was the mean of the precipitation that fell between 1891 and 1901.
This is a statistical device merely to smooth out the annual fluctuations and
let you see the longer term fluctuations.

As you see the values here are in inches of water or precipitation.

If you start with Alberta, you will see back about the turn of the
century they had an extreme drought with an average for ten years of only
13 inches. Then it very rapidly climbed until in the early part of the
twentieth century it reached almost 19 inches of water; in other words, about
a 50 per cent increase in a relatively short space of time. It then fell. equally
rapidly until about 1917. Then there are further fluctuations in an 1rreg1‘xlar
manner; but you notice the droughts of the 1930’s are not outstanding.
They are outstanding in our minds because we lived through them, but they
are nothing like the droughts that occurred just about the time we stgrted
taking measurements in the prairies, and are of the same order of magnitude
as the droughts that occurred back in 1910 and back in 1900.

Mr. Hicks: Was that because of the amount of wind along with it?

Mr. McTAGGART-COwWAN: Wind is a great factor, because there you have
your evaporation. If you have a small rainfall plus above normal winds on
the average, then your situation would be worse because you not only have
less precipitation but you have greater drying of the ground water. :

Then if we go to 1950, where there was a certain amount o_f flooding,
you have this minor peak; and now, as you can see, we are up higher than
we have been in terms of annual rainfall any time since the turn of Fhe
century. Therefore, from the planning standpoint we cannot plan on havmg
that amount of water available on the average. If you took an average of his
graph it would lie well down here. ; : :

Saskatchewan runs just about the same. The ﬁu'ctuatlon rises between
13 inches and 17 inches rather than 13 inches and 19 inches; and as you see
in the 1930’s the precipitation was even less in Saskatchewan than it was in
Alberta. Now again in Saskatchewan we are at about the same level as the
highest months in the last century. p g

In Manitoba the fluctuation is less, the range being betwgen eighteen
inches and 21 inches, but again an irregular rising and falling over the
years. Meteorologically, there is no reason to suspect that that will not
continue. Just when this will start down is one of the problems we have not
vet solved. We are as yet unable scientifically to forecast these longer term
trends. : .

The further highlights in that graph I have just shown you are.obtameg
by taking a half dozen station with longer term records in the proylnge,_danl
averaging those to get a sort of provincial averagg. If_ you take an individua
station—and here I will use Calgary—the technique is the same as the ten
year moving mean. Therefore you can see perhaps this cycling more clearly

than in the graph average for the province.
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Here you have very, very severe droughts just before the turn of the
century, very severe flooding, the heavy precipitation that occurred just after
the turn of the century, your three peaks of precipitation and your three
drought periods.

Mr. KinpT: Those cycles appear to be about thirty years, in between
1900 and 1930 and 1960. We are into that now—well, no, your cycle is not
quite 30 years.

- Mr. McTAGGART-CowAN: Well, with these figures, statistically, you can
pick up almost any cycle you want. There is nothing regular about it. These
are thrown in relief because I have taken this ten year mean, and therefore
smoothed out a lot of the minor fluctuations. If I had taken a five year
moving mean there would have been superimposed on this a little wiggle at
about every ten years, and then you would have a lot of scientific likeness
about some spot cycles, and so on. But scientifically we have found no

correlation yet between precipitation and any other measurable parameter,
be it solar or terrestrial.

Mr. KInNDT: Is it not true that if you had weather data dating back for
200 years you would be able to define those cycles very accurately?

Mr. MCTAGGART-CowaN: No, sir; they have records going back that
length of time in the United Kingdom and they have a very, very dense
network of stations. In the United Kingdom they have 55 weather gauging
stations per 1,000 square miles. In other words, they are taking a very good
statistical sample of the precipitation. They have a considerable number of
stations that date back for pretty well 200 years, and you cannot find any
periodic fiuctuation that has a prediction backwards. In other words, you
cannot statistically process the figures for two centuries, and use it to fore-
cast the next trend sucessfully.

Mr. STEARNS: Mr. Chairman, could you not go back 500 years in the
average forest and pick out the wet seasons and dry seasons?

The CHAIRMAN: Well, yes, there is some evidence in the forest areas.
Mr. STeEARNS: I know we do it at home in the forests.

Mr. McTAGGART-CowAN: There are several techniques that will give us
much more information than we have now. One is a study of the glaciers,
called the isotope record ratio. Knowing that water has 0.16 or 0.18 isotopes,
and the range of these factors such as winds and so on, using an instrument
called a mass spectromoter you can take a core out of a glacier and determine
how much has been accreted each year. This is rather a new technique, and
as far as I know is not yet being done in Canada. I hope one of the universities
will take it up. It is being done in the United States at the present time with
rather interesting results, on the Greenland ice cap. I think our work on
the glacier would yield us information much further than this we have here.
The McGill-Jacobson expedition to the Axel Heilberg island is planning to
take cores back for analysis—perhaps not as quantative as it should be, as
there are other factors such as the severity of the winters and the winds that
enter into it, and so on. But this can be done. It is a question of the number
of scientists you can put on the job.

The CHAIRMAN: You have made no attempt as yet to relate forest growth
to weather cycles?

Mr. McTaGcGART-CowAN: No sir. As I said we have only three people in
the meteorological service working on it. One of them has been tied with
southern Ontario as a result of Hurricane Hazel. Our headquarters section
has only been in existence since 1958. The other man is completely tied with
P.F.R.A. in very vital work that has to be done now if it is going to be effective.
There is much we can do, but there is a very great shortage of scientists.
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Mr. Dumas: I wonder if Mr. McTaggart-Cowan has any similar graphs for
the eastern portion of the country?

Mr. McTAGGART-CowAN: I can produce them, sir. I am sorry I did not
bring them with me, except I have a small one for Toronto which I can table
for the committee. The others would show the same sort of fluctuation, some
of the stations much less markedly than Calgary, some of them more.

Mr. WiLLiaMms: Mr. Chairman, is there any relationship between the mean
average temperature for any one year and the precipitation for that year?

Mr. McTAGGART-COWAN: Yes, they are correlated; because if you have
higher than normal precipitation you will have a greater amount of cloudiness,
which will cut down the incoming solar radiation. Therefore by and large you
would expect a slightly lower mean temperature. I qualify that “by and large”
because it rather depends on the mean flow of the upper layers of air between,
let us say, 1,000 and 20,000 feet. If then in the bringing in, in the cloud, the
trajectory of that air has been southern, then the southerly aspect of the flow
will compensate for the lack of direct solar radiation, and the temperature
will not fluctuate on the same basis.

Mr. KinpT: Is there any truth in the saying—of course the oldtimers
believe this—that western Canada, Saskatchewan and Manitoba, are getting
gradually warmer?

Mr. McTAGGART-COWAN: Yes, sir. Again I could have brought down graphs
to indicate that. We have published papers on the subject because the tempera-
ture graphs look rather alike; but there is a general upward trend in western
Canada. The fact that the glaciers are continuing to retreat is evidence of
that, because glaciers are very good indicators of long-term climatic change.
So that as long as the glaciers are continuing to retreat, in the main, the climate
is warming up.

Mr. Hicks: There is a little more hot air in Alberta.

Mr. KinpT: One supplementary question to the one I asked before. Is
there any effort being made under present technique for determining the
cyclical patterns in weather, the same as it is in economic science? Great
strides have been made and a fair degree of accuracy of predictability can be
made. It is evident from what we have before us now that weather travels
in cycles and if you could take it one step further and give a reasonable degree
of prediction of what is ahead, it would be a tremendous thing for mankind.

Mr. McTAGGART-CowaN: I agree completely, sir. The problem in meteor-
ology is that the cycles are not uniform, or if they are this is not a complete
cycle. If we had 1,000 years we might do it. At the moment, at the present
stage of our scientific knowledge the situation appears S0 complex that. a long
cycle is unlikely to exist. There are too many varia})les in your equations.

To answer the first part of your question, there is a great deal of research
going on in these long-range climatic trends in various parts of the world. But
there is very little of it here in Canada—again not because we ha've POt the
desire or enthusiasm, but because we have not the people. The scientists are
just not available.

The CHAIRMAN: Mr. McTaggart-Cowan, what is your opinion of the ac-
curacy of the long-range forecast services that are provided by some agencies?
Some industries subscribe to them.

Mr. McTAGGART-CowaN: Well, in the strict sense of a forecast being an
extrapolation, in detail your five day forecast has a reasonable degrge of skill
if it is used for a city or a township or something larger than a point. Yogr
30-day forecast put out by the United States weather bureau he}s an economic
value if it is used with regard to an economic interest covering about .h.alf
the country; in other words, if you are basing shipments of climate-sensitive
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materials such as petroleum products and so on across half the country on the
30-day forecast, it will have a value. But to use it with respect to a particular
farm, the answer is no.

Mr. PaynNE: Is it in order at this time, while the men from the forest
industry are here before us, inasmuch as they have indicated a desire to have
available information regarding forecasting to have the witness tell us what,
if anything, has been done in this connection, and what his views are relative
to the aid that the meteorological department can provide for operators in
Canada’s forests?

The CHAmRMAN: I think Mr. Payne is referring to a recommendation from
a witness from British Columbia lumber operators for the assignment of
someone to forecast or a sufficient staff to give a forecast during the fire season.

Mr. McTAGGART-COWAN: Yes, but I have not quite finished my answer to
the previous question. Shall I finish that first?

The CHAIRMAN: Fine.

Mr. McTAGGART-COwWAN: I had dealt with the thirty-day forecast, which
is published by the U.S. weather bureau, with the limitations I have given
you printed on the back of it, and it is available for public subscription.

Beyond the thirty-day forecast, sicentifically the field of prediction has to
be in the field of statistics. In other words, we can come up with the most
probable values of the parameters that a particular industry is interested in.
That is a statistical forecast as opposed to a dynamic forecast. Actually, the
economic skill of such a statistical forecast depends on the extent to which
the user has got his problem into the hands of the statistician. With regard
to that aspect, we have now got ten years of our back data on to punch cards,
and we can process it statistically to meet any specific need. That is just a
sample back to 1950. The rest of it we have not yet been able to put on to
cards.

To come to the question of service to forestry; there is no question we
could do a great deal more than we are doing now. It is difficult to get all
the scientific information: the reason we are not is a great shortage of staff.
Concerning requests, particularly, the B.C. association of forest products have
represented their case for a number of years. We think we appreciate it. We
think we could do a lot more than we are. The only reason we have not
done it is that we just have not the staff to do it.

Mr. PayNE: What would be involved in improving this service, with regard
to dollars or men?

Mr. McTaccART-CowaN: Initially, the assignment of one man, to be based
at our office at Vancouver international airport, and employed full-time on
operational research in weather problems of the forest industry.

Mr. PayNE: Just one individual?

Mr. McTacearRT-CowaN: That is the initial step. Beyond that, the extent
to which the results of that one man could be made operational—the staff
aspects of it—would not be large; but it is hard to be specific until the research
has been done. Perhaps it would be five additional meteorologists.

Mr. PayNE: What would that run to, in dollars and cents, per year?

Mr. McTAGGART-COwWAN: It depends how much you pay your scientists.

Mr. PayNE: Well, be generous. What would be the maximum estimate
in this regard?

Mr. McTacearT-CowaNn: This is a somewhat embarrassing question, sir,
because the salaries of meteorologists are now under discussion; but, to take
a round figure, you could say the price of a meteorologist is around $10,000.




MINES, FORESTS AND WATERS vl

Mr. PayNE: That is the complete service. I am not trying to pinpoint any
particular salary, but I would like an estimate of the cost to establish this
adequate service.

Mr. McTAGGART-CowAN: I can only answer that honestly by telling you
what they do immediately south of the border, in the States of Washington
and Oregon. They have specialized teams of meteorologists concentrating on
the forestry problem 12 months of the year. They are set up in units, and they
take their operational unit into the forest area and work from there. The cost
of that would be fairly substantial. To keep a team of that sort operating
12 months of the year would run up around $80,000, I imagine.

Mr. PaAynNE: Around $80,000?
Mr. McTaGGART-CowaN: Yes, that is a ball park estimate.
Mr. PayNE: It would require how many teams to serve it adequately?

Mr. McTAGGART-CowaN: That is one of the problems we would pose to
this research meteorologist who would attack the forestry problem in British
Columbia. For the past several years we have had a meteorologist seconded
to the B.C. forest service in Victoria, who has been working on other aspects;
and there has been a feed-back from him to our forecast office, which has
improved the present forecasts about as far as they can go without this fresh
operational approach.

Mr. PaynE: But you feel a service of this nature could, in fact, preclude
the development of fires? I mean, damage to standards of timber growth?

Mr. McTAGGART-CowAN: It would be a factor in it. We are talking about
meteorology. It certainly allows one to predict the onset of a dry period,
where the fire index would increase substantially. It would also permit the
prediction of thunder storms, particularly of the dry variety, that are respon-
sible for starting a number of fires. Of course, beyond that it becomes the
foresters’ problem rather than the meteorologists’. If the thunder storm is
setting fires, somebody has to go along and put them out before they get out
of hand. The other aspect—as to what one can do to alter the characteristics
of a thunder storm—is in the research stage. There is research going on in the
United States, and as a by-product of our Alberta hail study—which I referred
to in reply to a question at your last meeting—I would hope we would get
information as to what, if anything, can be done to alter the characteristics of
the thunderstorm. This might be a forest application, but here I am talking
about results of research that have not yet materialized; so it is speculation.

Mr. PaynNe: As compared to what is desired, what service is provided at
this time in this field? -

Mr. McTaccarRT-CowaN: Routine 6-hourly forecasts of the primay para-
meters of precipitation, wind, temperature and humidity—from which a calcu-
lation of the fire index can be made.

Mr. PAYNE: These are carried through what agencies to the people?

Mr. McTAGeART-CowaN: Our basic policy there is to put them in the hands
of the principal forest production agencies of the province. Then they do the
dissemination, out to their field stations.

Mr. Payne: Do you convey them through the regular news media, radio
and television?

Mr. McTAGGART-CowAN: Yes, we use that for a rather different forecast;
but for the specialized forestry forecasts we have found that they get into
the hands of the district forester or the warden fastest if we hand them over
to the main organizations in the province that control the forest production
organization. They have their means of communication to their fire control
stations, and they pass them along.
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Mr. PayNeE: At this time, you ’feel this service is inadequate?
Mr. McTAGGART-COwAN: It is less than science would permit us to do.

M. Payne: Is it helpful to the industry—or would you describe it as
being inadequate?

Mr. McTAGGART-CowAN: Yes, I think any consensus taken among the
industry would say the forecasts we are providing are most useful. They
certainly tell us so at the end of each fire season; but we could do a lot more.

Mr. PaynNeE: For about $80,000?

Mr. McTAcGART-CowAaN: This was a ball park estimate for the province
of British Columbia only. That was for just one team.’

Mr. PAYNE: And the money spent through the ‘department for this work
is what, today?

Mr. McTaccART-CowAaN: Our estimates are not broken down that way,
so I could not give you a fair answer.

Mr. PayNE: I am asking you for an estimate, because I cannot decipher
it from the estimates. Could you give me an estimate?

Mr. McTAcGART-CowAaN: Not that that would mean anything. We have a
forecast office at Vancouver airport. I have not the cost of that with me,
but I can provide it to the committee. However, that forecast office provides
for the needs of coast-wise and deep sea shipping, aviation, the general public,
industry, agriculture and fire. Now, the percentage which you place for each
of these activities becomes pretty subjective and pretty arbitrary because it is
the same team of men who provide the basic analysis of the weather from
which these forecasts come.

Mr. PaAyNE: To generalize this, do you feel that the request of the British
Columbia lumber associations generally is a reasonable one and, if fulfilled,
could fill a most worth while purpose for improving the information?

Mr. McTAGcGART-CowaN: Without any question.

Mr. PaynE: In regard to fire hazards?

Mr. McTaccarRT-CowAN: Without any question.

Mr. Dumas: I am sorry, Mr. Chairman, but I have to leave. However,
before doing so, I would like to ask Mr. McTaggart-Cowan a few questions. You
said, Mr. McTaggart-Cowan, that we had 1,800 rain gauges across the country.

Mr. McTAGGART-COWAN: Yes.

: Mr. Dumas: Now, where we have those rain gauges, we have at the
same time complete or partial meteorological stations where they take the
temperature wind directions and so on.

Mr. McTAcGART-CowAN: Yes. I can give you the actual figures, sir. There
are 32 radio sonde stations. Those are the ones that gather the temperature,
pressure and humidity up to as near as 100,000 feet as we can get. Then, there
+ are 39 pilot balloon stations that gather the lower level wind patterns only.
There are 157 stations that take complete weather observations each hour.
They are primarily distributed along your areas. There are a total of 277
stations which take synoptic observations. They are complete observations,
taken over six hours, and again communicated by high speed communications.
That figure of 277 includes the 157 stations which I mentioned. Then there
are 1,020 which take precipitation and temperature measurements twice a day
only, and there are a further 515 that take precipitation measurements only.

Mr. DU}vms: Out of those 1,800 rain gauge stations, how many are located,
let us say in the southern parts of the provinces, where the population is?
Could you give me an approximation of that?
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Mr. McTAGGART-CowaN: I am sorry I broke it down every other way,
but not that way. I have the number for each province but have not the
geographic distribution. However, by and large, I would say at least 80 per
cent are in the settled parts of Canada.

Mr. Dumas: 80 per cent?

Mr. McTAGGART-CowAN: Yes.

Mr. Dumas: Would you tell me how long we have had rain gauges
located at the Hudson Bay post in northern Canada?

Mr. McTAGGART-CowAN: The initial installation was made around 1860,
I think. It was well before the turn of the century.

Mr. Dumas: There are two or three in which I am interested and, at
the next meeting, I would like you to give us the date when they were installed.
The ones I have in mind are Moose Factory and Attawapiskat, in Ontario; and
Rupert House, Eastmain and Fort George in Quebec.

Mr. McTAGGART-CowaNn: I have not that particular data with me, but I
will obtain it.

Mr. Dumas: I know there are some there.

The CHAIRMAN: Mr. McTaggart-Cowan, if you would submit that infor-
mation to me, I will pass it on.

Mr. Dumas: I have another question to ask Mr. McTaggart-Cowan. I
suppose included in this figure of 1,800 are all the stations which are operated
by the provinces?

Mr. McTAGGART-COowAN: Yes.

Mr. Dumas: Fire protection services.

Mr. McTAGGART-CowaN: Yes. To the best of our ability, we have
cooperative arrangements with all the provinces wherein any observations
that are taken regularly are forwarded to us, and we process them.

Now, there are a number of stations which operate for just a few months
of the year. For this type of climatic work, they are of very marginal use.
They are used in the actual day-to-day forecasting. However, unless you have
twelve months of records you cannot process them satistically into your
climatic work.

Mr. DuMaAs: Are you satisfied that we have a sufficient number of these
gauges in the southern part of the province?

Mr. McTaGGarT-Cowan: No.

Mr. Dumas: The population is located in the southern part of the prov-
ince and, of course, compared to the rest of the country, it is a relatively
small area. In view of this, I think it would be better if you took the whole
area of Canada, when you are making those calculations.

Mr. McTAGGART-CowAN: That is why I put in this column. Those are
non-wastelands. We have to make certain broad assumptions as to what is
wasteland and what is not. But the non-wasteland area is what we thought
was basically capable of supporting the type of community and the activity
of life which we have in Canada. This eliminates the tundra, permafrost and
muskeg areas. y

Mr. Dumas: But it does not exclude the whole of the Northwest
Territories? :

Mr. McTAGGART-CowaN: No. But, even when you do that, you only
bring the rain gauge network up to one per thousand square miles, against
an international recommendation of one for every 200 square miles. The
world meteorological organization has endorsed a recommendation that an
adequate sample is obtained if you have one rain gauge per 200 square miles.
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Mr. Dumas: What square mile figure do you use in calculating the
wasteland of the country? How many thousand square miles would you say?

Mr. McTAGGART-CowAN: Point four to one, which means about 60 per
cent.

I will table the publication by the world meteorological organization deal-
ing with design of hydrological networks and techniques for surveying surface
water resources. This was published a little while ago. I could furnish addi-

* tional copies, sir, but they are in Geneva, and we have just a few at our

headquarters.

Also, I will table, in single copy, various articles which our staff has
written over the last few years in regard to fluctuations in the precipitation
and temperatures across the country. There are several such publications here.

Also, I have a fly sheet, which gives the number of meteorological stations
by provinces. This may be of value to you. If your committee wishes these
data broken down in any other way, we can certainly do it.

Sir, the only other thought I wanted to present is our view in respect
of what meteorological services are necessary. I think the facts which I have
presented show, in relation to other commonwealth countries and other countries
which might be considered at similar stages of economic development, that
we are seriously undersubscribed. Similarly, in the other research which
I included—the pure, applied and basic research—we are very, very under-
subscribed, with only three persons spending their full time on this work.
If we are to come up with the knowledge and understanding of the mete-
orological aspects of the water resources in time to be of use to the engineers,
an early start would seem to be indicated, because many of these problems
are not such that can be solved overnight. There are problems such as the
eastern Rockies forest conservation board area, feeding water into the Sas-
katchewan river, which is probably a ten or twenty year research project. It
might produce useable results in a shorter period of time, but you can see
from these climatic fluctuations that we are working on a time scale of many
years.

I believe that is all I have to say.

The CHAIRMAN: Thank you.

Are there any further questions, gentlemen?

Mr. STEARNS: Ever since Mr. McTaggart-Cowan has been here last week
I have been bothered over what he said about putting some kind of alcohol on
the surface of a lake to prevent evaporation. Were you speaking of a large
body of water or a farmer’s farm pool?

Mr. MCTAGGART-COWAN: Basically they would be ponds or small to
medium sized reservoirs. Certainly so far as the research in Australia up to
the present time has gone, they do not have a method of spreading that kind
of film over a large reservoir.

Mr. STEARNS: If you applied that to a farmer’s pond could he still raise
fish, or would they die for lack of oxygen?

Mr. McTAGGART-COowWAN: The fish would present a problem. I would have
to defer to the fisheries experts the question of whether or not there are
circumstances which would permit of sufficient interchange between the air
and water to support the fish. To the best of my recollection, in the research
published to date by Priestley in Australia he has not yet covered that aspect.

The CHAIRMAN: How much wind disturbance would destroy the effect of
this substance which is put on the water to prevent evaporation.

Mr. McTacgarRT-Cowan: I think it is ten knots; but it depends on the

shape of the pond. If the reservoir is elongated and the wind blows across,
it will stand a higher speed than if it blows along it.
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The CHAIRMAN: You spoke about the climate becoming progressively
warmer in western Canada. What about eastern Canada? Have you any.
remarks on that?

Mr. McTAGGART-CowAN: Yes sir. There was a general trend towards
warming over several years. There are indications it is levelling off. Whether
or not this is a minor fluctuation in a general upward trend, time and
further research alone will determine.

Mr. SovpsoN: Could we have a brief explanation of the specific duties
of these water observers, we will say at points such as Mr. Dumas men-
tioned—for instance, Hudson Bay? What statistics do they compile and
briefly what are their duties?

Mr. McTAGGART-COWAN: Perhaps I should start from the simplest type
of observing station and work up. At the 515 precipitation gauging stations
principally once a day the observer goes out and measures in a glass graduate
the amount of precipitation caught in a standard gauge. Generally that
is done just once a day. Wherever we can get them to do it twice a day,
they do it morning and night. To an increasing extent we plan to convert
at least a portion of those stations to automatic rain gauge stations; that is
a gauging which not only catches the water but also measures it as it goes
through using a clockwork driven drum by which it can be read in terms of
millimeters of rain. At the largest group of stations—1,020—they test the
temperatures and precipitation twice a day. I should have said that both
temperature and precipitation station observers record the results of their
observations on a printed form, and at the end of the month mail it in to our
collecting centers. That is the extent of their operations.

Getting down to the synoptic stations, of which we have 277, the majority
of those are operated by employees of the Department of Transport, either
their own experienced and trained meteorological technicians or the radio
range operators along the airways who are trained in meteorological opera-
tions and perform that function as a supplementary duty. There, the observa-
tions take about half an hour every three hours. They are both recorded on
a station log, which is sent in at the end of the month and are coded up into
a code which is transmitted by radio, teletype or telegram, whichever is
available at that station, to main collecting points across the country, and get on
to our trunk line communication system. These synoptlc observations are
exchanged all over the northern hemisphere.

The radio sonde work requires the highest of skills. In this work one
deals with what is in effect an elementary form of radar. So the technicians
have to have a considerable amount of training. The training for a synoptic
observer requires that the person have high school graduation and about four
months in a special training school. The radio sonde man takes an additional
four months beyond that, or a total of eight months training, and preferably
should have something beyond high school matriculation.

The CHAIRMAN: What is the rate of pay for the low skilled category of
observers?

Mr. McTaGGART-COowAN: They are in the $3,000 to $4,000 bracket
The CHAIRMAN: I am referring to those at the precipitation stations.

Mr. McTaccaRT-CowaN: The majority of those are voluntary. There is a
number of them, perhaps one-third, who are given a small honorarium. In
recent years, however, practically all the stations we have set up have been
manned voluntarily because we found that the person who will do it as a
community service in his area on a voluntary basis does a more conscientious
and regular job than a person who is doing it for $60 or $80 per year which
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we might pay him. So at the present time we only pay this honorarium where
we are unable to get a volunteer and feel we must have a rain gauging station.

The CHAIRMAN: Are there any further questions?

Well, gentlemen, I am sure we all appreciate having had Mr. McTaggart-
Cowan with us. It has been a most interesting subject, and has greatly stimu-
lated our minds. :

I am sure that on behalf of the committee I can express our sincere thanks
for the trouble you have gone to, to acquaint us with some of the problems of
meteorology.

We will not lose sight of the fact that you seem to be fighting a very uphill
battle with a limited amount of money and staff.

Tomorrow we shall have with us Mr. Fox, a well known United States
authority on water problems. He will discuss the demand for water in the
United States, and its possible effect on Canada. I think this will be of par-
ticular interest to almost everyone, and I hope we shall have a good turnout,
and all be on time.

We shall meet at 9:30 tomorrow morning in the railway committee room.
Since it is rather late now to start with any new witnesses, I think it would
be in order for us to adjourn at this time until 9:30 tomorrow morning.

The committee adjourned.




HOUSE OF COMMONS
Third Session—Twenty-fourth Parliament

1960

STANDING COMMITTEE

ON

MINES, FORESTS AND WATERS

Chairman: H. C. McQUILLAN, Esq.

MINUTES OF PROCEEDINGS AND EVIDENCE
No. 5

TUESDAY, APRIL 5, 1960

Estimates 1960-61 of the Water Resources Branch
of the Department of Northern Affairs and National Resources.

WITNESS:
Mr. Irving K. Fox, Associate Director, Resources for the Future, Inc.,
Washington, D.C. A e
«"’; CElY ,ir-‘S\

NTROLLER OF STAT NERY \
THE QUEEN’S PRINTEROI?I‘Nlev(vlz e < APR 02 1960 »

22024-5—
2924-5—1 \fe,}’ o DM\\&



STANDING COMMITTEE ON MINES, FORESTS AND WATERS

Chairman: H. C. McQuillan, Esq.
Vice-Chairman: Erik Nielsen, Esq.

and Messrs.
Aiken, Hicks, Payne,
Baskin, Kindt, Richard (St. Maurice-
Cadieu, Korchinski, Lafléche),
Coates, Leduc, Roberge,
Doucett, MacRae, Robichaud,
Drouin, Martel, Rompré,
| Dumas, Martin (Timmins), Simpson,
Fleming (Okanagan- McFarlane, Slogan,
Revelstoke), MecGregor, Stearns,
Godin, Mitchell, Woolliams—35.
Granger, Muir (Cape Breton
Gundlock, \ North and Victoria),
Hardie, Murphy,

M.  Slack,
Clerk of the Committee.




MINUTES OF PROCEEDINGS

TUESDAY, April 5, 1960
(6)
The Standing Committee on Mines, Forests and Waters met at 9.40 am.
this day. The Chairman, Mr. H. C. McQuillan, presided.

Members present: Messrs. Cadieu, Doucett, Fleming (Okanagan-Revel-
stoke), Godin, Granger, Gundlock, Hicks, Kindt, Korchinski, Leduc, Martel,
McFarlane, McQuillan, Payne, Robichaud, and Slogan. (16)

In attendance: Mr. Irving K. Fox, Associate Director, Resources for the
Future, Inc., Washington, D.C. From the Department of Northern Affairs and
National Resources: Mr. E. A. Co6té, Assistant Deputy Minister; Mr. J. D.
McLeod, Chief Enginer, Water Resources Branch, and Dr. K. Kristjanson,
Secretary, Advisory Committee on Water Use Policy.

The Committee resumed consideration of the 1960-61 Estimates of the
Water Resources Branch of the Department of Northern Affairs and National

Resources.

Mr. Fox was introduced and he made an extensive statement regarding
the administrative arrangements for River Basin Development in the United

States, and was questioned thereon.

During his presentation, Mr. Fox emphasized certain points by referring
to a wall map.

The questioning completed, the Chairman thanked the witness for his
presentation.

The Chairman announced that it was planned to discuss the Hurricanaw
proposal at the next meeting. y

At 11.00 a.m., the Committee adjourned until 11.00 am. Monday, April 11,

1960.
M. Slack
Clerk of the Committee.
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TuUESDAY, April 5, 1960.
9.30 a.m.

The CHAIRMAN: Gentlemen, we have a quorum. I will call the meeting to
order. We have with us today Mr. Irving K. Fox. ;

Mr. Fox is a graduate of the university of Michigan. From 1947 to 1949
he was staff member on the first commission on the organization of the executive
branch of the government Hoover commission. From 1949 to 1955 he was with
the office of the secretary of the Department of the Interior. In 1949 and 1950
he was located in Albuquerque, New Mexico, assisting in the coordination of
all programs of the department of the interior in eight southwestern states.
From 1950 to 1955 he was representative of the Department of the Interior on
the inter-agency Arkansas-White-Red rivers basin survey. In 1955 he trans-
ferred to Resources for the Future Incorporated. He joined the staff in 1955
as research associate, became director of the water resources program in 1958,
and is currently associate director of Resources for the Future Incorporated.

I am sure with that background Mr. Fox has a great deal to contribute
to the committee, and I welcome him on behalf of the committee.

Mr. Irving K. Fox: (Associate Director, Resources for the Future, In-
corporated): Thank you, sir.

It is a great honour to be invited to meet with this committee and discuss,
as your chairman has asked me to do, the different administrative arrangements
which have been utilized for multiple purpose river basin development and
management in the United States. I feel that an exchange of experience in the
resources field among nations should be profitable, and I believe that we can
learn much from one another about institutional and policy matters, as well as
about scientific practices. At least, I have been impressed over the years with
the possibility of learning from Canadian experience about ways and means of
improving resources management in the United States. I am pleased to find that
you believe that an understanding of United States’ experience with river basin
administration will be helpful in proceeding with river basin development in
Canada.

In countries as large and varied as the United States and Canada, the
problems of river basin development are far from uniform. Moreover, river
basin development directly involves different sectors of the national economy
including the generation of electric power, agriculture, transportation, recreation,
and other things. Therefore, development plans and administrative arrange-
ments involve complex relationships with many industries and are subject to the
economic and political forces associated with all sectors of the national economy.
Also, the kinds of organization adopted for river basin development and manage-
ment cannot be disassociated from the total framework of political and economic
institutions and the political and economic history responsible for those in-
stitutions. Finally, a judgment as to what constitutes an effective system
depends upon the goals and objectives sought. People in the United States
have seldom been fully united on the goals of river basin development, and
these differences underlie much of the debate we have had over organization
for river basin development in the United States.

Because of these many complicated factors the objective. of my presen-
tation today must be quite limited. In a general way 1 will describe the different

49
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patterns of administrative organization for river basin development we have
used and the reasons for their adoption. I will also outline some of the
criticisms that have been made of the various patterns. In conclusion I will
examine the forces at work in the United States which may bring about a
change in the administrative arrangements now being utilized.

By river basin development I mean both the regulation and control of
the flow of streams and the services realized directly therefrom, including
navigation, the generation of power, the irrigation and drainage of land, the
control of floods, the provision of water supplies for municipal and industrial
purposes, the disposal of wastes, the production of fish, and the provision
of outdoor recreation opportunities. I recognize that some developments
can have a negative effect upon these services. My emphasis throughout
will be upon the organization of governmental activities, because river basin
development has been primarily a public responsibility in the United States
since the early days of the republic. There are, of course, important exceptions.
In early times the construction of canals associated with inland waterways
was undertaken by private companies. In many communities water for
municipal and industrial purposes is supplied by private corporations. One
of the more controversial issues in the river basin field in the United States is
the question of the extent to which private institutions should be responsible
for developing hydroelectric power and associated water services.

The factors primarily responsible for the differences in United States
patterns of administrative organization for river basin planning and develop-

ment can, I believe without too much oversimplification, be reduced to three,

namely (1) the structure of the American constitution, (2) the interstate
and international character of practically all of the major river basins and
(3) certain powerful social drives which have been determinants of natural
resources policy.

Our constitution has evolved in a way that gives the national government
predominant authority over the states in the development and management of
water resources. The original constitution gave the federal government
authority over interstate and foreign commerce which meant, of course, author-
ity over navigation. Through court interpretation this provision now means
that the federal government has authority to manage the waters which feed
the navigable waterways. Including the very small tributories and streams
that are navigable. This authority, together with still other authorities in
the constitution, has been further augmented by the fact that the federal
government is more able than the states to raise funds. In the early years
its financial superiority stemmed from its pre-emption of tariff revenues,
whereas in recent times the federal government has largely pre-empted the
income tax. Thus an examination of administrative arrangements for river
basin development in the United States must recognize the superior legal and
financial position of the federal government.

Only in Texas, California and the new state of Alaska are there major
river basins which are intrastate in character. To the south we share the
resources of the Colorado and the Rio Grande with Mexico. I need not remind
the members of this committee of the extent of our common interest with
Canada in the basins to the north. International affairs are a responsibilty
of the federal government, so that it has a paramount concern with water
resources which are international in character. Accordingly, with few excep-
tions individual states are unable to proceed alone with the unified develop-
ment of an entire river basin. This fact, combined with its superior legal
gnd financial position, made the federal government the logical political
jurisdiction to take the leadership in multiple purpose basin-wide develop-
ment programs. i
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The major social drives to which I refer, by determining the timing of
public action and the objectives of public policy, had a pronounced effect
upon patterns of administration eventually adopted. My associate in Resources
for the Future Incorporated, Henry Caulfield, in the course of his current
research into federal power policy, has classified these drives into three
broad groupings. The first of these he calls the “developmental thrust” which
reflects generally a push for economic expansion. This drive has provided
much of the impetus for public action in the river basin field. It can be
given much of the credit for the development of our system of waterways,
the irrigation of millions of acres of land, the installation of vast systems
for the generation of hydroelectric power, and reduction of the flood hazard
in many of our productive valleys.

During the latter part of the nineteenth century, two other social forces
appear to have joined this development thrust and to have modified and re-
inforced it. Caulfield has called these the “progressive” and “conservation”
thrusts.

The progressive thrust was a response to the growth of cities and
industry and particularly to increasing concentrations of economic power or
monopoly. From the 1870’s to well into this century a substantial part of
the support for federal navigation projects can be attributed to a desire
to regulate allegedly monopolistic rate and discriminatory practices of the
railroads through the competition of water transport. In the area of federal
hydroelectric power policy it was responsible for the view that the com-
petition of public agencies in the power field was needed to regulate private
power enterprises.

The conservation thrust was the reaction of an educated group to the
rapid and at times profligate exploitation of our resources during the latter
part of the nineteenth century and on into this century. It gave added
impetus to the development of hydroelectric power as a means of conserving
mineral fuels. It provided the foundation for the soil conservation and
watershed management programs of public and private agencies. It offered
the belief that through the application of science, resources could be managed
in the public interest. It maintained that aesthetic and spiritual values were
important considerations in resource management. Of particular interest to
us here today, it contributed the intellectual foundation for the concept of
comprehensive multiple purpose river basin development.

Turning now to the administrative arrangements we ha\_/e used for multiple
purpose river basin development, I will begin by discussing the role of the
state governments. When our federal constitution was adopted the state
governments were much -stronger relative to the national government than
they are today. As the country began to grow and the drive for develop-
ment got under way, the states took a leading part in the _nnproverpent of
the nation’s waterways. Such important ventures as t_he Erie ganal in New
York were sponsored by the states. Large sums were myested in canal.s and
river improvements. However, many of these projects did not pay off in the
manner anticipated and some were outright failures. g A§ a consequence, there
was a general disillusionment with state investment in internal vlmpro.ven')ents
and public works, with the result that a number of states adopted constitutional
amendments preventing or limiting indebtedness for public works including
water development. Following this experience, the state governments have
been relatively inactive in the water resources field. Only recently has there
been a renewed interest in state water resources planning and development.
Today, most states have relatively small staff.s concerned Wltl} mvestlgahops,
data collection and planning in cooperation with fede}"al agencies. The major
exception is the state of California which is engaged in a large-scale planning
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and development program. For about 25 years the state of Montana has
planned and developed small irrigation projects. Several other western states
loan funds to local units for the development of water supplies. A number
of states, such as Kansas, have been strengthening their investigative and
planning activities. Nevertheless, for the most part public development is
dominated by federal agencies which cooperate to a degree with state agencies
but. which largely work directly with local organizations such as irrigation
districts, flood control districts, soil conservation districts and the like.

The state governments have been handicapped by the constitutional and
financial factors mentioned earlier and the interstate and international
character of the major river basins. They have also been handicapped in
other ways. Once the federal government entered the river development
field, it offered an alternative to the painful process of raising funds at the
state and local level. The possibility of securing federal funds gave a strong
incentive to look to Washington instead of to the state capital. Another
factor no doubt in the early period was the difficulty of providing a com-
petent engineering staff in every state, whereas the federal government could
provide competent service on a centralized basis. Also, a series of scandals
in state governments caused a decline in their prestige from which they have
not yet fully recovered. Today, still another factor militates against a shift
of responsibility to the states in this field. With population concentrating in
urban areas and in the absence of reapportionment of state legislatures, state
governments have tended to be dominated by the rural areas, whereas most
of the people, especially in the eastern part of the United States, live in
cities. The result is that the federal congress more nearly reflects popular
interests than the state legislatures, and this provides an additional argument
for the federal government’s retention of its basin development responsibilities.

Let us turn now to the corps of engineers, the first federal agency to
assume important responsibilities for river basin development. At the very
beginning of the nineteenth century, in response to the irresistible pressure
" to occupy the country and develop its resources, the federal government
became interested in the improvement of waterways for navigation purposes.
At that time there was only one important engineering organization in the
United States and that was the corps of engineers of the U.S. army. It was
quite natural, therefore, that the federal government should turn to the corps
of engineers for engineering service in the field of water resources. The
programs assigned to the corps were relatively modest until after our civil
war when they grew rapidly. And today the annual civil works budget of the
corps totals about three quarters of a billion dollars. At the outset the
Corps was concerned primarily with navigation. In the post-civil war era
it got into flood control in a modest way in the Mississippi valley. Con-
gressional action in 1936 made flood control a nationwide responsibility of
the corps of engineers. A series of subsequent legislative enactments has
broadened its responsibilities so that its plans now embrace power generation,
‘drainage, irrigation, municipal and industrial water supply and recreation.

Although policy and program direction of corps activities is centered in
Washington, planning, development and operating activities are conducted
through a system of division—regional—and district offices. Each division
directs both the military and civilian program within its region. The boundaries
of the region for civil works generally follow river basin lines. A centralized
design laboratory is maintained at Vicksburg, Mississippi.

The corps cooperates with other agencies and the states through inter-
agency committees which I will describe more fully a little later. Its districts
work closely with local units of government as plans are formulated. The state
governments and the other federal agencies are by law given an opportunity
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to review and comment on the reports of the corps of engineers before they
are submitted to the congress for consideration. The costs of the traditional
navigation and flood control programs of the corps are borne almost entirely:
by the federal government, although local units contribute lands, easements,
and rights of way for local flood protection measures. It is of interest that the
Department of Interior rather than the corps of engineers markets power from
corps installations. - :

Today the corps dominates public multiple purpose river basin planning
and development in practically all of the vast Mississippi river system except
in the Tennessee valley, in many other eastern basins, and in the Columbia
river basin. It is highly regarded as an engineering organization. It is led by
a group of between 200 and 300 of the top graduates of the military academy
at West Point and is manned by an unusually competent staff of civilian
engineers. In spite of the deserved esteem which it enjoys, it has been the
subject of criticism by special study commissions, and independent scholars,
as well as others who have subjective reasons for opposing corps programs.
It is claimed that at times the corps’ interest in construction has blinded its
consideration of the economics of proposed projects; that a preoccupation with
its traditional responsibilities for flood control and navigation has resulted in
inadequate consideration of the other purposes river basin development should
serve; that as a unit of the tremendous defense establishment and backed by
powerful pressure groups, it has not been fully responsive to the political forces
responsible for interpreting the national interest.

The next major federal water resources agency to be established was the
bureau of reclamation. It came into being in 1902 in response to the drive to
develop the arid West. Initially its only concern was the irrigation of arid lands,
so its operations were limited to the seventeen western states deficient in
moisture for the normal cultivation of crops. ;

This begins with Texas, you might say, and goes north to North Dakota.
This, as shown on the map, is the area served by the bureau of reclamation.
Its responsibilities were gradually expanded so that power, flood control,
municipal and industrial water supply and revreation could be covered by its
projects.

The bureau is a unit of the Department of the Interior, which in some
ways is the principal natural resources agency of the federal govgrr}ment.
General direction of policy and program is provided by the commissioner’s
office in Washington, but planning, development, and operating activities are
conducted through regional and district or area offices. Reglongl boqndapes
follow river basin lines. A centralized laboratory and design office is maintained
in Denver. ; ‘

At the field level it functions in much the same way as the corps, co-oper ati.ng
with other agencies through interagency committees ar'ld working closely Wlt_h
local units of government. In contrast with the corps it markets hydroelectric
power from its own installations and for its traditional funf:tlon, 1rr1gat19n,
the water users are required to sign repayment contracts covering all operation
and mainteance costs and a portion of all other costs. However, the extent of
the federal subsidy has increased substantially over the years.

The bureau has been subject to some of the same cri“cicisms‘ as the COLps;
overemphasis on construction of projects, a preoccupation with traditional
responsibilities—in this case irrigation—and an alignment with powerful
special interest groups. Possibly because of its location 1 the Departr.nent of
the Interior where it is a principal concern of a cabinet member responsible for
implementing administration policy, the bureau seems to have ggtten more
deeply involved in ideological controversies than the corps of engineers. In
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any event, at least twice in its history it has been deeply involved in such con-
troversies, once over the question of whether federal irrigation projects should
limit the provision of water supplies to “family size” farms—this is the 160-
acre limitation that we have under the irrigation law—and the other over the
development and marketing of hydroelectric power. Now we will turn to
the TVA.

In 1933 congress established the Tennessee valley authority after more than
a decade of untiring effort by Senator Norris of Nebraska. The TVA was the
product of many forces. It was a response to the view given expression by
the conservation movement that river development should be undertaken on
a mutliple purpose basin-wide basis. It also reflected the conviction of Senator
Norris and of the progressive movement generally that the satisfactory regula-
tion of the electric power industry could only be achieved through govern-
mental competition. Finally, the TVA was a product of the depression and
therefore was looked on as an instrument to improve the economic well being
of a major depressed area of the nation. Governed by a board of directors
responsible to the president, it was free to chart its own course without regard
to the commitments and traditions of the established water agencies. It was
relatively free to function in the entire field of natural resources and agricul-
ture.

The record of the TVA is widely known throughout the world. Many con-
sider it to be one of the major accomplishments of the new deal. Few have
questioned the efficiency of its operation. Many have aecclaimed the way in
which it used the authority and resources at its disposal to improve the
economy of the valley. The close working relationships it established with
local and state agencies and the manner in which it has co-operated with them
has, I believe, served to strengthen state and local units of governments instead
of weaken them. In no other river basin in the United States has there been
an equal degree of unity in planning, developing and m‘anaging the water
resources of a major basin, and an equal degree of co-ordination of water
development with related natural resources programs.

Although the Tennessee valley authority enjoys excellent support from the
people of the basin, no other administrative arrangement for river basin
administration in the United States has been so widely and so violently opposed.
There have been four major kinds of opposition to extension of the valley
authority approach to other basins. First, there were those who saw in TVA
an unwarranted intervention in the field of electric power generation, a field
generally considered to be the responsibility of private enterprise. The con-
cern of the electric power industry was further aggravated when, after the
hydro was about fully developed, TVA was authorized to engage in the gen-
eration of thermal electric power, with the result that now thermal generation
exceeds hydro. Thus, to some the valley authority is equated with a public
power agency. Second, the valley authority has been opposed on the grounds
‘that it is a threat to state governments, that it assumes responsibilities that
normally should be discharged by the states. Third, it has been opposed
by the established natural resources agencies and their adherents, who saw in
the valley authority concept a threat to their own programs and responsibilities.
Fourth, there were those who believed that the establishment of valley authori-
ties in other basins would create serious administrative problems for the fed-
eral government. The concern was that with a number of valley authorities
operating there would be a need for co-ordination of their policies and pro-
grams at the Washington level. Those who held this view generally supported
combining the corps of engineers and the bureau of reclamation into a single
agency having regional branches organized by river basins.
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As the example of the TVA stimulated interest in river basin development
in general, there was widespread support for the establishment of other valley
authorities. But opposition to the valley authority approach was strong enough
to prevent the establishment of an authority in any other basin in the United
States. Nevertheless, it had become widely accepted that a greater degree of
unity in river basin planning, development and management than had been
achieved in most basins was needed. Thus, beginning immediately after World
War II, committees to co-ordinate the river basin programs of the various
federal agencies with one another and with the states were established in the
major river basin areas of the country. Such interagency committees now
operate in the Missouri basin; in the Pacific southwest which includes the
Colorado basin, the great basin which drains into Salt lake, and most of Cali-
fornia; the Columbia basin; and the New England area. These committees
have been established through voluntary interagency agreement. However, a
special interagency commission has been established by law to plan the devel-
opment of the Gulf coast streams of Texas. A similar special commission has
been established for several basins of the southeast covering all of Georgia, part
of South Carolina, part of Alabama and part of Florida.

That is this area right down at the point I indicate. It does not include
the Rio Grande, which is an international stream, or the Sabine, an interstate
river. There is another area covering this part, from here to here—of Georgia,
a little of Alabama, a little of South Carolina and a little of Florida. There are
two of these special interagency commissions. These commissions are quite simi-
lar to the interagency committees except that they are established by statute, they
have a specific task to perform, namely, to formulate a plan of development,
and they have a chairman appointed by the President who does not represen
any one of the participating agencies. ;

The functions of the interagency committees and commissions can be char-
acterized best by emphasizing that they are coordinating bodies. The existence
of the committees in no way alters the functions and responsibilities of existing
agencies or the states. They are a clearing house for exchange of information
and for the establishment of procedures to assure the coordination of programs.

I was closely associated with one of the interagency committees for about five

years. My view is that as a coordinating device they serve a useful purpose.
At the same time one must recognize the limitations under which the;t operate.
If there are important policy differences among the agencies, sqch differences
can only be settled by the Washington headquarters of the agencies and capnot
be settled in the field. In my own experience, this was a serious handicap.
The existence of the interagency committee does not alter or grgatly cha.nge
the operation of the established agency. It facilitates an ethapgg of information;
it provides a medium for joint effort. But whatever the lxmltatlops of the par-
ticipating agencies may be, they remain unchanged by‘the ex1_stence qf the
interagency committee. We have not had enough experience with the 1nte1:-
agency commissions—which have an independent chairman—tg assess their
effectiveness. On the one hand, since the authorities and: responsibilities of the
regular agencies remain unchanged, no major change.ln approach shopld be
anticipated. On the other hand, an independent chairman may p?ov.ld.e an
over-all view of basin problems which cannot be expected from the individual

agencies. He may also moderate the differences that arise among the agencies

and thus secure a greater degree of program integration than might otherwise
be achieved. R :

The Department of Agriculture has been engaged in river basin work
since 1936. As the program has evolved under the most recent lt.aglslatlon, .the
soil conservation service of the Department of Agriculture provides tech.mcal
assistance and federal subsidies for multiple purpose development of relatively
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small watershed areas (under 250,000 acres). Under this program measures for
water flow retardation through land treatment are coordinated with water
storage for a variety of purposes including irrigation, flood control, municipal
water supply and recreation. Actually, for the projects undertaken so far, the
overwhelming proportion of the benefits attributed to the projects are for
flood control. This result is no doubt related to the fact that the costs of flood
control are borne entirely by the federal government.

In carrying out the program offices of the soil conservation service in each
state work through local districts organized under state law. Technical assistance
to SCS state offices is provided through offices located in various regions over
the country. Plans for development must be approved by the state government.

The program has been widely acclaimed because it gives attention to a
portion of each basin generally neglected by the other water development
agencies and because of its emphasis upon state and local participation. There
are some who question whether local participation is very significant in view of
the extent of the federal subsidy, and the fact that most of the technical work
is done by the soil conservation service. The program has posed some problems
of coordination with other federal agencies planning multiple purpose river
basin works for entire river basins of which the small watersheds are a minor
part. Since the upstream measures influence the hydrology of the basin to some
degree, there is a concern, particularly in western areas, that such upstream
programs may reduce the total supply of water available for use or at least
alter the location at which it is utilized. Such hydrologic influences also affect
flood flows and thus affect basin-wide planning for flood control.

Another important recent administrative arrangement has been the initia-
tion of a grant-in-aid program by the federal government to municipalities
for the purpose of helping them build sewage treatment works and thus reduce
pollution. This program has received widespread support but it has been
opposed by the administration in the belief that waste treatment should be
the responsibility of local communities. Nevertheless, it is a significant step
because it is the first important instance in which the grant-in-aid technique,
that is widely used for other purposes by the federal government, has been
applied in the water resources field.

In view of our varied experience, where are we heading with regard to
' the organization of our river basin activities? It is only realistic to recognize
that existing arrangements are well established and that the resistance to
change will be great. The corps of engineers has been engaged in water
development for 130 years and the bureau of reclamation has been so engaged
for nearly 60 years. They have long traditions and articulate and well organized
supporters so that significant changes in the scope of their responsibilities do
not appear likely. Even TVA, whose future seemed uncertain a few years
ago, now seems firmly established. Similarly, the relations between the state
and federal government which have evolved over a period of 170 years will
not be easily altered. I am reminded of a statement of Maeterlinck in which
he said:

At every crossway on the road that leads to the future, each pro-
gressive spirit is opposed by a thousand men appointed to guard the past.
Let us have no fear lest the fair towers of former days be sufficiently
defended.

Nevertheless, there have been powerful influences at work since World
War II which could modify existing patterns in a significant way. Among these
influences I would include the following:

1. The tremendous increase in demand for water development and
the radical change in the nature of demand upon our water re-



MINES, FORESTS AND WATERS 87

sources. This influence stems from the rapid growth of our popula-
tion, the rapid rate of urbanization, the rapid growth of our economy,
and the general improvement in economic well being. These fac-
tors, when combined, foreshadow an enormous increase in water
demand in the future. Of paramount importance, our studies sug-
gest that two kinds of demand will dominate future river basin
development in much of the United States. One is the use of water
for recreation purposes; the other is the use of water to carry
away the wastes of cities and industries. The traditional purposes
will remain important but they will be subordinate to these over-
riding considerations.

I want to refer now to this map I have here. I tried to portray—I hope you
can see it—what are, you might say, the flows of our water resources. The
green is the average annual run-off in the major river basins. For instance,
this is for the whole southeast, this is for the Arkansas White-Red, this one
covers the Tennessee and the Ohio. So the green represents the kind of flows
we have for use. The orange in each case represents the amount drawn off
for irrigation, for municipal and industrial purposes. .The black in each case
indicates the amount that is not returned to the watercourse but disappears
largely into the atmosphere.

I think you will see a rather interesting situation here. You see that we
have lots of water in the eastern part of the United States for withdrawal
purposes and throughout practically all of the east we will not experience
shortages of water, in my judgment, to meet the irrigation, municipal and in-
dustrial requirements. The influence that will be controlling in water develop-
ment over much of that area will be the demands for dilution flows, dilution
of waste, for preserving areas for recreation purposes, and these will tend
to dominate the character of development.

Now, in the west, very roughly from about here, westward, there is
a somewhat different situation, except in certain portions of the Columbia
river basin. You can see in the Colorado great basin, this vast region
through here, where the precipitation run-off is very, very slow, that the
withdrawals today are exceeding the average annual run-off and the net
consumption of this is about two-thirds of the average annual run—qff.
Here, I think, over the years we are going to have to make some _major
adjustments in water use because of the extent of gradua.l consumption. I
am sure you are well aware, or you have heard that in large areas of
Arizona we are lowering the water table at a very serious rate. This is also
true in areas like this, as well as other areas of the west., I can come back
to that if you want to later.

2. The impact of science and technology on water use. Science and
technology influence water use in many ways. On the one.hapd.
industrial processes have multiplied the demand for water in. in-
dustry. At the same time, technology offers the promise of re-
ducing demand where supplies are scarce or cpstly and increasing
the supply through such measures as de‘salm‘lzatl.on and weather
modification. My own estimate of the situation is that for'most
of the United States water shortages pose no serious threat 1f we
take full advantage of the potentials which technology and science
have to offer. '

3. The increasing complexity of the task of designing suitable multiple
purpose river basin systems. This will result in part from the
increase in intensity of the competition for lalcld 'fmd Wa?:er. It
will be more and more difficult to find reservoir sites which are
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not already occupied. This will be more particularly noticeable
in the densely populated eastern areas. Because of the growth in
water demand differences over the way to use the resource can be
expected to sharpen. Moreover, an affluent, urban-industrial
society will place less weight upon monetary values and more upon
intangible values such as scenic considerations, which will in-
crease the difficulty of making a choice among alternatives.

4. The growing competition for federal funds. All signs point to-
ward a greater and greater demand upon the federal treasury
for education, for a variety of social programs, for urban renewal,
for foreign aid, and for defense, with the result that more of the
gross national product may be expended by government in the
future than in the past. The net effect could be that federal
appropriations for capital investments in water development will
be more difficult to secure than in the past, while at the same time
capital requirements will multiply.

5. The prospect that the responsibilities of the federal government will
continue to multiply. The United States has a preoccupation with
world affairs unknown prior to World War II. Our international
responsibilities will no doubt continue to place a heavy burden
upon the federal treasury. They also place a heavy burden on
members of congress and officials of the executive branch. To this
burden must be added the new responsibilities which the federal
government is assuming in areas of education, urban renewal, and
social security. With the task of the congressman and the federal
official becoming ever larger, the need to decentralize in one way
or another becomes ever more imperative.

A relative assessment of these many influences suggests the likelihood
. of a moderate amount of change to meei the situation which now confronts
us. Certainly in some of the major river basins existing agencies will con-
tinue to dominate the scene. This will be true in the Tennessee valley where
TVA now seems well established. It will also be true in the Colorado, the
Ohio, the Arkansas, the Missouri, the main stem of the Mississippi and some
other areas where either the corps of engineers or the bureau of reclama-
tion or both combined have established programs.

It seems reasonable to expect pressure to mount to experiment with
new administrative arrangements in areas where the existing agencies are
not so well established. This will be particularly true in the area east of
the Mississippi river. Evidence of this likelihood already exists. Thus today
a serious effort is being made to establish through federal-interstate agreement
an independent river basin agency for the Delaware river basin.

I believe you may know or are aware that is a relatively small basin,
I think 11,000 or 12,000 square miles, right up through here covering part
of New York, Pennsylvania, Delaware and New Jersey. It serves a very
dense population of course, including part of the water supply of New York
City.

A local group under local sponsorship is conducting its own study of
the Meramec basin near St. Louis in Missouri. Recently, Illinois and Indiana
made a compact which provides for cooperative planning through a special
commission for development of the Wabash river basin, which is on the
Ohio. It is also significant that the state of California has undertaken on
its own initiative a large-scale water development program.

The pressure to expirement with decentralized administrative arrange-
ments might conceivably be reinforced if the federal policy were modified

A
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so as to provide an environment in which such experiments might flourish.
In partieular, if the federal government would make subsidies available to
state and regional agencies on the same basis that such subsidies are avail-
able through the corps of engineers, the bureau of reclamation and the soil
conservation service, such agencies would be in a better position to compete
in basins where the large existing agencies do not have programs well along.
A federal development loan fund from which state and regional agencies
could obtain loans would also encourage further experimentation. Both ideas
are being seriously discussed. Such measures promise several advantages.
They would reduce the burden upon congress and the executive branch, which
stems from consideration of individual projects. Although federal subsidies
may continue to be large, it would be reasonable to expect state and regional
agencies to secure part of their capital elsewhere, such as the bond market,
which TVA is now doing, and thus reduce in some measure the pressure on
the federal budget.

In short, we should anticipate a continuation of a pluralistic approach
to water resources administration in the United States. The corps of en-
gineers and the bureau of reclamation will no doubt continue to operate over .
large areas. The TVA seems well established. The soil conservation service
has widespread support for its small watershed programs. Interagency com-
mittees, possibly strengthened in the form of interagency commissions, will,
no doubt continue to function. New regional agencies may enter the field,
such as in the Delaware, in California and the Wabash. Conceivably the federal
government will foster the . establishment of such agencies through the ex-
tension of the grant-in-aid technique and the establishment of a loan fund.

Well, that is pretty much my story. I do not know what its implications
are for Canada. However, in view of the tremendous water development
potential which Canada enjoys, and in view of the population and economic
growth which certainly lies before you, it seems evident that you will have
a large expansion of water development in the years ahead. If our experi-
ence in the United States is any guide, you will be adapting your institgtions,
your laws, your federal-provincial relations, the organization and fpnctlon_of
your government agencies so that they may deal ever more eﬁfegtlvely with
the problems and needs of water development during the exciting decade’s
ahead.

I have talked quite a bit about water and I would.like to read to you
a little statement about it that comes from the Philadelphia Monthly Magazine
of 1798:

By its fluidity and mildness (pure water) promotes a free and
equable circulation of the blood and humours through all the_vessels
of the body,...hence water-drinkers are not only the most active and
nimble, but also the most cheerful and springly of all people.... Bflt
to delicate and cold constitutions, and to persons unaccustomed to it,
water without wine is a very unproper drink.

Thank you.

The CHAIRMAN: Thank you very much, Mr. Fox. I am sure that your
very comprehensive review of the water resources and water developments
in the United States has provoked a good deal of thought, and I hope some
questions from the committee.

Mr. Hrcks: I would like to ask, Mr. Chairman, if there are any fish prob-
lems in connection with the water control that you have mentioned as opposed
to flood control and hydro dams? e :

Mr. Fox: We certainly have a great many of them, sir, in the United
States. Some, I am sure, are associated with Canada. As you possibly are
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well aware, the Columbia river basin is the one that has received the most
attention, and I imagine you have heard a little bit of the fireworks that have
taken place out there. At the moment in the Snake river basin, there is a
site on the Snake river at Nez Perce which will not likely be developed for
some years, because it would cut off the Salmon river and eliminate part of
the spawning grounds, and the dam would be so high that the fish could not
get over it. Over the years the salmon problem, as it is related to hydro-
electric power development in the Columbia, has been one of the major issues
in the Columbia basin. Probably you have heard of a book published in the
United States called Fish Versus Dams which arose out of the Columbia river
basin situation.

In other parts of the country there are more and different kinds of prob-
lems. Take, for example, in the Chesapeake bay near Washington—this is
covered up on this map—the pollution that is going into the streams affects
the shell-fish and the oysters. This is also true along here in the gulf of
Mexico, the shellfish industry has been adversely affected. So although federally
the construction of dams has made it a difficult problem for anadromous fish
to get upstream, pollution has affected the shellfish.

There have been other influences in other waters. In other parts of the
country where there is relatively little water the provision of the dams has
meant great opportunities for people to go fishing and engage in outdoor recrea-
tion. There is a very interesting little development in Arkansas. They are
developing some- water supplies for irrigation of rice lands. But they have to
have a rotation of the crops—they cannot plant rice every year. So they plant
fish every other year and raise fish on the rice paddies, and market the fish
through a cooperative. These are some of the ramifications.

Mr. Hicks: Is there a- committee working on the program of trying to
get salmon up over some of these high dams?

Mr. Fox: In the Columbia river basin, the Columbia basin interagency
committee, has given this quite a bit of attention; and the United States fish
and wildlife service has been engaged in research on this. My friends in the
fish and game industry in the United States tell me that we are not investing
anywhere near the amount we should in that sort of research. There are
others who think we are investing as much as we can afford. So you will have
that difference of opinion.

Mr. Hicks: Thank you very much.

Mr. FLeMinG (Okanagan-Revelstoke): It is correct, is it not, that the con-
flict is largely with the commercial fishing waters? Sports fishing waters as
a rule generally appear to be increasing, whereas commercial fishing water
containing salmon and similar fish are less; and the commercial fishermen are
the ones who are impeded by these large-scale developments?

Mr. Fox: This is not entirely true. I worked in the basin I now indicate
- for five years. There has been a fair amount of reservoir development and
there are some new reservoirs being planned. The problem we got into down
there was, we had lots of lake fish compared to the amount of population, be-
cause of the dams being built. But the construction project proposed would
take the last fishing streams, and stream fishing was going to be destroyed.
We would not have any more stream fishing in that area. So it does things
to an area. There has been a lot of discussion over this stream fishing. Other-
wise, your point is well taken.

Mr. FLEMmING (Okanagan-Revelstoke): Did I understand Mr. Fox to say
that under the American constitution relating to rights to water as'a resource,
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that it did lie with the states; and then it was a matter of time where the
authority gradually shifted to the federal government rather than the state
government?

Mr. Fox: I think when you get to the question, of you might say, the
ownership of the resources, from the outset the federal government had con-
trol over the regulation of navigation, which was interpreted to mean the
regulation of navigable streams and waters.

Now, this has been interpreted by the United States Supreme Court. The
federal authority has been gradually expanded, and if you will ask a good
many people in the United States today they will say the unfortunate thing
is we do not know who has control over the water, in view of the way this
interpretation has gradually taken place.

Beginning in the 1870’s, with the enactment of legislation relating to
the irrigation of arid lands and the disposal of the western lands, the federal
laws generally have stated that the states will have responsibility for the
location of property rights on the water for these purposes, except that
always that allocation must be subordinate to the federal authority over
navigation. In the most recent decision, called the Kelton dam decision, which is
being debated very heavily at the present time, the federal government author-
ized the construction of a dam, and the courts held that the power company
which wanted to build the dam did not need to get the approval of the
state. The state insisted that there should be state approval because it
affected water rights that it had granted.

There is a rather complicated bit of reasoning here, that since this
involved publicly-owned lands, the federal government said this was a
federal decision and there was no need to comply with the state decision.
Right now there is a great deal of interest in the Congress in repealing the
Kelton dam decision, to clarify it. et 3

I would say the allocation of water for municipal, irrigation, industrial
and recreational purposes is a state responsibility and th_at the federal
government is always in a position to move in where navigation is 1r_1volved.

The point I was making was that initially, under the cons’ututlor} 'apd
the way things were done, the states took a large share of the.re_quns1b111ty
for actual development of the water resources. In the MlS_SlSSlpp1 va!ley,
state and local districts provided flood control. The states originally provn;ed
much of the navigation facilities through the canals and the connecting
waterways. But gradually, beginning in the 1870’s, the federal government
moved in, to the Mississippi, helping with flood control and improvement of
navigation; and out of this whole situation has de_velc_)ped what we have
today,—you might say a relatively clear federal dommatlon. of authority.

The CHAIRMAN: I wonder, Mr. Fox, if you would briefly tell us what
the Supreme Court’s interpretation of the term “navigable waters _1nvolves?

Mr. Fox: I am not a lawyer and I am afraid I cannot do this very wel.l,
but I will try to explain. If I remember—and I have not reviewed tIps
recently—this authority over navigation has been expanded so as to authorize
the construction of small reservoirs, the provision of water flow retarding
measures like treatment of water on the lands, anything that affects the
flow of a navigable waterway. So that almost from the time th{it Fhe
rain begins to fall, on down, the federal government, under the constitution
and its practical interpretation is in control. I think I am n.ot exag.geratl.ng-

Mr. PAYNE: It seems to me one of the greatest difficulties in superimposing
the United States picture on the Canadian scene is the fact that, although th:g
have separate states, other than for criminal law purposes they are not respect
on the same basis by the federal authority as the provincial governments
are in this country.

22924-5—2
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Mr. Fox: I do not belive I am in a position to comment on that. I would
be the first to say that your system should be to proceed in accordance
with your own institutions and your own needs. It is probably very difficult
just to look at what somebody else has done, and try to adopt it wholesale.

Right now we are considering in our own research program, in Resources
for the Future, experiences around the world that we might consider in
improving our own policies and practices in the United States. But I think
we have recognized in our work that we will have to look hard at them.
We might be able to gain some information; but because of the nature of our
own institutions and the way they have evolved, we will certainly take
them into account in making any adaptation we possibly can.

Mr. PAYNE: There is one question I should like Mr. Fox to deal with and
that is the ocean flow inland from the California coast, I believe, to the
Colorado area where there is a deficiency of run-off. What is your proposed
approach there to the problems you face in that area? How do you intend to
increase them?

Mr. Fox: Well, this is a tough one. I do not think it can be met by any
simple single sort of answer. As you no doubt know, the congressmen and
senators from that area are greatly interested in desalinization, not only of
sea water but of large areas of brackish water in these states. As you are well
aware, desalinization is still pretty costly and, barring a major technological
breakthrough that we do not now foresee, it is not going to be useful in
meeting a very large proportion of the demand.

It may be useful to this extent: when you get down below this irrigated
area, down here the water has been used and reused so many times that
it has become brackish. There are 200,000 or 300,000 acre fields in the Rio
Grande area that are not usable because the salt content has increased to
maybe 2,500 or 3,000 parts per million. Sea water, by comparison has
35,000 parts per million or something like that. This water can be desalinated
at a cost of very close to being economical,—say, 30 cents a thousand gallons,
or thereabouts. So one of the things that will probably be done eventually
will be to desalinate some of the brackish water, and this may come about
very soon. This is one measure.

There is a great deal of water consumed in that area today, the southwest,
by what the people call phreatophytes—water-loving plants. In this area where

"I work the growth of the salt cedar above this reservoir at Elephant Butte,
right here, consumes almost as much as irrigation. A major program, I feel,
will no doubt be undertaken to reduce the consumption of water by this water-
loving plant. The salt cedar is an exotic. It came from the Far East. It was
brought in as a decorative shrub, has invaded the whole area, and is causing a
tremendous amount of lost water.

Another thing that will likely be done is the adoption of certain measures
to reduce evaporation. You have probably heard of the one molecule layer of
film being experimented with, to put over reservoirs and thus eliminate or
reduce the evaporation from the reservoir. In this area the evaporation over a

. year will be from six feet to eight feet deep over the reservoir area, and that
is quite a large amount of water in a large reservoir.

A fourth thing is the improvement of irrigation practices. We are very
wasteful today in the way we use water for irrigation. This is in part attributable
to the nature of our water irrigation laws and in part it is due to a lack of
knowledge of good irrigation practices. We may use as much as twice what
we should use in many of these basins.

I think there is also a final thing that no doubt will be done—well, it is being
done and no doubt will be done more. That will be an adjustment in the use
of water from irrigation to municipal and industrial purposes. When I lived in
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Albuquerque in 1950 it was about 100,000. It is moving on up to something
over 250,000 today. Phoenix has grown very rapidly, and there is a certain
amount of indutry coming in there. It will support a great many more people
with a much smaller amount of use, you might say, than irrigation.

Just look at the figures here. Here is the consumption in these heavily
populated eastern areas. You can see how it compares with the consumption
in this area I now indicate. So that a great increase in population and economic
industry can be put in that area, and supported through some adjustment in
industry or adjustment from agriculture to industry in the use of water supply.

I think this combination of things will probably occur. I do not anticipate
that growth will really be retarded in the southwest because of a lack of water.
I think that area is destined to grow rapidly, and that those adjustments will
come about one way or another.

Mr. SLogan: I would like to ask Mr. Fox if he knows anything about the
program the United States is following on the Red river, below the border.
Is that a federal or state program? I think you are building some reservoirs,
doing some dredging and so on.

Mr. Fox: I am not very familiar with that area, I am sorry to say.

Mr. SLoGaN: Another question I would like to ask, Mr. Fox. I suppose you
are familiar with the proposed plans for the development of the Columbia river?

Mr. Fox: Yes.

Mr. SrLogan: I was wondering what your opinions were regarding the
Libby dam?

Mr. Fox: I was told this was not a subject which would be discussed here.

The CHAIRMAN: I think, Mr. Slogan, we had better stay away from that
for the moment, because of the negotiations that are being conducted. I think
it would be most unfair to ask anybody to express an opinion, especially an
American citizen.

Mr. Lepuc: Would you tell me if you have in the United States many
pipelines drawing water for consumption from long distances, mostly by
gravity or pump, for water supplies to cities?

Mr. Fox: Yes, we do have a number. I am sure I am not familiar with all
of them but I will mention a few. A good share of the water for southern
California is drawn from the Colorado river, and water is taken through a large
pipeline for a couple of hundred miles. There are people who say it should not
have been done, that it is more costly than was justified, and so on. The fact
remains that this was a major engineering work. Through a system of pumps
water was brought up over the hills and into the rapidly expanding metropolitan
areas. In fact, there is enough capacity in that pipeline so that the growth of
the Los Angeles area for a number of years can be taken care of from this
source, provided the argument between Arizona and California as to who is
entitled to that water proves to be in favour of California.

Now, as far as I am aware—I am sorry, my map is covered up here—but
New York City goes to the Delaware basin for water and }t goes right over
into this area. New York City is down in here. Again, something over 100 miles
odd, it brings water from the Delaware basin into the Hudson basin, down to
New York City.

Mr. Lepuc: It is mostly pumped? -

Mr. Fox: Yes, it has to be there, at least. There is some pumping. :

Mr. Lepuc: If you had a gravity, we will say, of 300 or 400 fqr it you
would not need any pump, and that would be much more economical?

Mr. Fox: Well, in fact, if you have enough of a drop, you could o A
in the process. This is in fact done in the Colorado basin. They bring the
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water through a tunnel in the mountains from a relatively high elevation on
the western side of the continental divide. It drops down, I think, a couple
of thousand feet and they produce quite a large amount of power with a
relatively small amount of water. ,

Mr. MARTEL: Mr. Fox, one question. From your lecture and from the
map there seems to be two, what you might call, water agencies or federal
agencies along the Great Lakes, around lakes Michigan, Superior and Huron
and there seems to be another one inland starting from, say, South Dakota,
which is rose coloured. My question is, I wonder if it comes from either
agency, the water diversion we have heard so much about from lake Michigan.

Mr. Fox: Chicago?

Mr. MARTEL: Yes.

Mr. Fox: Well, let me explain. I should have clarified this as far as the
map is concerned. There is not a separate agency for each of these different
colours. The map purports to illustrate where the drainage is. It has been
put out by the United States geological survey. This drainage is to the Great
Lakes, the green, this is the Mississippi, and so on.

In the case of the diversion from the Great Lakes into Illinois, and out of
it into the Mississippi, this has been something where the responsibility has
been rather carefully distributed among a number of authorities, maybe to avoid
pinning it on anybody. What happened was that this question of how much
diversion, and so on, was brought before the Supreme Court, and the Supreme
Court has, you might say, taken on itself the decision as to how much water
could be diverted from the Great Lakes into the Illinois river.

Now, the corps of engineers has actually been responsible for most of the
multiple purpose planning in this whole area, through here. But under that
particular decision the United States Supreme Court took jurisdiction because
of the fact that within the United States it affected a good many different
states, and under the constitution differences between states have to be handled
by the Supreme Court.

Mr. MarTEL: It would also involve an international agreement.
Mr. Fox: It certainly does, yes.

Mr. MARTEL: I understand there have been new discussions quite recently
about this action. I would like to know if, as you say, it does not come under
the responsibility of any one particular agency, and whether there are many
other state or federal agencies responsible?

Mr. Fox: Right.

Mr. MARTEL: Would either the federal or some other agency that would
be responsible for that be prepared to buy water—Ilet us say if an international
agreement had been reached to buy a certain quantity of water for actual
diversion?

Mr. Fox: Well, first let me make a distinction here—

The CHAIRMAN: I do not think you were really expected to give an answer
to that question, Mr. Fox, but you could perhaps express an opinion.

Mr. Fox: I think there is probably an international legal question here
that I am not at all qualified to answer. The other thing that I would say is that
there is, of course, interest on both sides of the border in preserving lake levels
and so on in the Great Lakes. I think probably, through time, there is going
to be some solution worked out because of the pressures on both sides.

Mr. MarTEL: I agree.

Mr. KOR.CHIN'SKI: I was wondering whether there has been much work
done in re-diverting the flow of water from one river into another to control
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flooding, and what success you have had. Perhaps you can deal with it in
relation to damming, diking, and so on. Now, the other question I want to ask is
whether you had any instances of reversing the flow of a river by diking and
raising the height?

Mr. Fox: Well, to reply to the first question, as to whether we have used
diversion of the flow as a means of reducing floods, I do not know that we have
done this in a major way, except through what we call floodways. You probably
cannot see it up here on the map; but as you know the Mississippi often gets
on the rampage. It has been difficult for us to manage, and has established and
dominated much of our policy in this whole river basin. There are ways of
diverting the Mississippi over into some auxiliary channels. There is a stream
over here called the Atchafalaya which almost parallels the Mississippi. A good
share of the Mississippi river, when it is at high flood, is diverted into the
Atchafalaya and a great deal of it down here is diverted into lake Pontchar-
train. These are very important for flood control, although they are not moving
the floods into another basin. It is still part of the delta area of the Mississippi.
There may be other examples I cannot immediately think of.

I cannot think of any cases of actually reversing the flow of the stream
except we do have, you know, a number of these transcontinental divide
diversions where the water is impounded on one side of the divide. Here it goes
down into the Colorado and by moving the water through the mountains, or
over the mountains in one way or another, it can be made to flow into the
Arkansas. There are several of these in the Denver area right now, and there
is another one down here in the upper Arkansas that is being discussed. In
fact, the plans have been finalized and now lie before Congress.

Mr. KorcHINSKI: This is by means of pumping through tunnels, and so on.

Mr. Fox: Let us take one that I have visited. Just here there is an im-
poundment of the upper Colorado river, the basin there, into a lake. The water
is pumped actually up, say a hundred feet into another lake. This lake, then,
has a tunnel level out through the mountains. In fact, it goes right betwc—;en
Rocky Mountain National Park, north of Denver, comes out on the other side
and drops down a couple of thousand feet into the valley‘ t_here, goes throu_gh
a series of drops and supplies water for irrigation, munlClpal and %nQustnal
purposes on the other side of the divide. So although there is some lifting up,
most of it is really a drop. The drop is much, much greater than the arpount
of the lift. This was just a convenient place to put it through the mountains.

The CHAIRMAN: Mr. Fox, are you familiar enough with t‘he water resources
of Canada to express an opinion as to where you think we might be facing some
major problems.

Mr. Fox: I would hesitate, sir, very much to do that. I do not feel I am
competent. ; ;

The CHAIRMAN: Well, gentlemen, this committee room is required for
another committee in a few moments. I think we have all enjoyed and lear"ned
a great deal from Mr. 