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How Canadian industry
can win atomic business

(The president of A.E.C.L., ]J.L. Gray, bases this article on

an address given to a rec

School of Advanced Management, Alberts.)
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MOt in the fiel

at.o mic ener,

1S no such thing as
atomic industry, at least
d normally associated with
e e 8y—the production of elec-
Phase in th- But tl?ere is one specific
tha iy bce uglllzauon of atomic energy
trial organt singled out, and the indus-
could pm.hlzanons handling this phase
Ustry - T aps be classed as atomic in-
the Tl ey are .the uranium producers,
fuel manufm refiners and the uranium
MY view l:hacturers. In Canada, then, in
% IS the e only “atomic industry” per
” nuclear fuel industry.

herc is‘

f of course, ; e
or Canadian atomic business

'ﬂativqy smallt;dustry. Whjle it has been
Row (o . to da_nt:, it could easily
Within o qnle :sigmflcant proportions

) ext'flftee.n to twenty years.
the design. fWthh 'w1|l concern mainly
Yol Mo abrication and operation of
handled P‘?Wcr s(alif)ns, can  be easily
3“"ilati0my -lhe existing._industrial . or-
Ment are ~c050 far as plant and equip-
sign b dnccrned. It may tax the de-
cavy e"gi:"elppme'nt capacity of our
Present oy 'ce.r.mg industry beyond. its
i . pacities, ‘but so long as in-
% “ren-gl:eware of .this it has a chance
exis,, n the areas-where weaknesses

Nu.clear fuel

ﬂadiaflrein:]su »':o obvious reason why (.7;,.
Worlg sup Is’ ry cannot become a leading
ments fr:)lcr of natural uranium fuel
aVe l" nuclear power p!znnls. Wc
that shnur;dc hr“()urccs of raw n_1alcnals
arkets. W, ¢ competitive in the world
e"l"m.c.m 'c have some .0f .the best de-
iver rea and test facilitics in our Chalk
Bt andclors to prove fuel element de-

I manufactured products.
p,:"':ls": Pl'o‘ducl‘ion of uranium_oxide
4 .w dnaflmn industry has developed
tong & believe to be the best and most
& :‘"'"‘a' process in the world. A.I-
S i most of this work has been pa'ld
Y AECL, some of the most sig

tle

Si

nificant advances are due entirely to the
ingenuity and efforts of industry. The
techniques  of fabricating “these pellets
into zircaloy-clad fuel elements are also
outstanding and indicate that Canada can
produce - quality products at quite ac-
ceptable  costs, with every indication
that costs will steadily fall with increase
in production rate.

Although - enriched uranium is not
available from Canadian sources, it is
available from the United States at their
domestic prices. There seems no reason
why the Canadian fabricators could not
compete in this field against U. S. pri-
vate industrial organizations when there
is no assured market for any particular
fuel design.

There is no technical reason why pri-
vate’ industry in Canada could not build
and operate a facility for producing en-
riched uranium. However, there is no
economic justification for such a plant
related 1o the foreseeable civil -nuclear
power program, even if a good share of
the potential world market was assured,

The situation in the uranium mining
industry is fairly well known. We are in
a period of over-production based on
present needs, with the result that many
high cost: Canadian . mines have been
closed 1o allow the lower cost producers
a longer period of operation.

A recent study of the future potential
markets for  natural uranium in the
western world by Fldorado. Mining and
Refining Limited shows the picture. is
not as bleak as some people have as-
S}lMCd. The study makes various assump-
tions as to the requirements of the ura-
nium cnrichment plants in the U. S,
the U. K. and France. along with cs-
timated needs for research reactors, U. S,
propulsion reactors and civil power re-
actors. It indicates a total annual con-

sumption in 1965 of about 32,000 tons -

of UiOx. ;

The study further estimates that in
1975 the demands might reach 39,000
tons - per year. ~If -weiqassume that the

ent alumni reunion at the Banft

United States will aim for self-sufficiency
from sources within their own territory.
this will require about 22,000 tons, leay-
ing 17,000 tons per year as a minimum
requirement to be supplied from Can-
ada, South Africa and France.

Although the study tends to be con-
servative, there are one or two unpredict-
able variables which cannot be used as
a basis of calculation. If there should
be a drastic reduction or increase in
military requirements, the picture could
change appreciably: If the nuclear power
stations now coming into operation
throughout  the world prove to be ex-
ceptionally good, this could move the
estimated  requirenient for 1970 ahead
one or two years.

The critical period for the present
uranium producers, then, is still from
1965 1o 1968 or 1969. But there are
some very good signs that by 1970 we
should have a healthy industry.

Radioactive isotopes

For many’ years the NRX reactor at
Chalk River had a neutron flux higher
than other reactors. This made Canada
more capable of producing substantial
quantities of “high specific activity ra-
dioisotopes than any other country in
the world. With this facility, and later
the NRU reactor, we undertook to ex-
ploit them and formed our Commercial
Products Division. Since the research
reactors at Chalk River are still the only
significant  source  of radioactive  iso-
topes in Canada, the only Canadian in-
dustry of any magnitude in this field
has grown around this group.

The Canadian market for radioiso-
topes is relatively small and a much
greater volume is essential for a satis-
factory operation. This can be achicved
only by creating volume through exports.
A vigorous sales program has led to
exports which now account for 93% of
our total gujeg.

These markets are created and main-



tained by designing and developing new
equipment to use radioisotopes like io-
dine-131, phosphorus-32 and carbon-
14. To support these programs, we spend
about 15% of earned revenue on research
and development, a very large sum for a
normal commercial operation. These pro-
grams have proved quite successful.

Canada was first in the world in the

development of cobalt-60 beam therapy
units for cancer treatment. By 1961, 250
‘Canadian cobalt-60 beam therapy units
had been sold to hospitals and clinics
m 39 countries. There are now 30 com-
panies producing such units throughout
the world and their equipment has cre-
ated an annual market for more than
500,000 curies of cobalt-60 at an average
price of about $3.70 per curie. Our
Commercial Products Division supplies
about 70% of this world market. 3

Several gammacells and special irra-

diators designed by Commercial Prod-
ucts  Division, using cobalt-60 gamma
rays for the irradiation of materials, have
been installed in universities and re-
search institutes in Canada. Fifty such
units have been exported. The gamma-
cell is mainly a research tool to measure
and test the effects of gamma rays on
materials. If some of these experiments
are successful, new production processes
or better products could result,

Co-operative programs with Canadian
research institutes and other government
laboratories have given valuable data on
the gamma irradiation of food and food
products to increase shelf life, inhibit
sprouting, and to pasteurize and sterilize
some items, A mobile demonstration ir.
radiator has been designed 1o operate on
a standard commercial trailer, 1o process
potatoes at the warehouses of Cunadian
producers. If ‘the final results indicate
cconomic feasibility, the next step will
be full-scule production fucilities using
large amounts of cobult-60,

Muny importunt Canadian industries
use radioisotopes for research und proc-
ess control. They ure used in thickness
and density  gauging, particularly of
paper products, metal foils und similar
thin materinls.  The cigurette industry '
uses rudioisotope density guuges to con-
trol the packing of the tobuacco, provid-
ing u better product and less wastage,
Nondestructive testing of welds in all
fields is uccomplished using radiographic
techniques, with major Savings in time
und materials,

Estimates have been made ay 1o the
savings, resulting from such use of iso-
topes, Although figures are not avail
able for Canada, U. S, estimates in 1957
suggested unnual savings of $500 mil-
lion to U. S. agriculture and $200 mil-
lion to, U. 5. industry. A recent Na.
tional Industrial Conference Board re-
port (No. 87) estimates un annual saving
of $5 billion by 1965,

These figures ure very large but not
unreasonuble when one thinky of Increas-
ing grain production in the U. §, by a
few bushels 1o the acre, through im.
proved use of fertilizers developey by use
of rudiouclivcly.-lllwd P”o't"homs and
other elements. The numbers indicate 1he
order of magnitude of Savings from the
use of radiouctive materials. When we

add the benefits of their application in
medicine it is not difficult 10 argue that

T P

if atomic energy had produced nothing
but isotopes the effort and expense have
been worthwhile.,

Our Commercial Products Division
has grown in ten years from a small
group to a total staff of 260. Annual
revenues have climbed from $500 thou-
sand to $4 million. A loss operation has
turned into a profit operation. Isotope
sales have increased from a few curies
to 500,000 curies per year. We have
worked hard to gain and to hold a major
portion of the world market, The future
" looks good provided the research reactors
at Chalk River remain available for pro-
duction of radioactive material, and we
keep ‘up with the competition on design
of equipment and continue to give high
quality service.

Heavy water production

One aspect of atomic energy that may
casily result in a new industry for Can.
ada is the production of heavy water,
If the heavy water reactor systems work
as well as expected, they will not only
find application in Canada but elge.
where in the world, If we have a source
of energy — part fairly low grade
steam and part electric — that is ag
cheap as other world sources, then we
could become a world supplier of heavy
wiater, !

A heavy water moderated and cooled
nuclear power reactor needs nearly |
ton. of heavy Water . per megawatt of
clectric output, This means that, for
every 200 MWe plant installed, 200 tons
D40 must be supplied. The annual make-
Up requirements should be quite lowe—
210 3% — and will be disregarded in
this discussion,

The present price of
for heavy water should
$20 or below in g
reasonable size — 200 tons per yeur—
using a low cost energy source, Using
$20 per pound and: assuming that one
200 MWe plant per year is being in.
stulled (this could casily be the condi-
tion in Ontario alone by 1970) the vol.
ume of business f roduction
plant, 200 tons, is $8§ million per yer,

It is quite probable that by the  mid.
1970's modification and improvements to
the heavy water Feactor system we ure
now building will be jn the form of
other coolants — perhaps organics, more
probably light waier Steam.  Such im-

provements ‘Wil lowsr ‘the net 'costof

power but they wiy also lower the an-
nual requirement for heavy water. There
seems little doubt, however, that there is
4 very good potentiul long-term murket
for the output of u 200 ton per year
plant “in  Cunadu if the price i $20
per pound or lower, This could easily
fise 10 500 tons of 1,000 tons per yeyup
in the next fifteen 1o twenty years,

To me, this should be u straight pri-
vate indusiry,  private investor Venture,
There ure po security  restrictiony, The
technical informution is availuble from
the United States and there yre

$28 per pound
come down 1o
modern plant of

Severa)
small plants operating in Countriey gy,
side the United States. The Probable

market-“ihough not 100 cleyy 1
should be quite assessable Within
or two. The operating ¢
Cuanada’s first nuclcar
NPDL should supply some
needed.

Odayo_
. R Yeag
XPerience with
POwer ... station,
of the

Canadian commercial companics ;
now looking at the possibility of fiekd
ing the heavy water production e
The benefits to our economy
substantial.

Nuclear power

i~
For Canadian industry the most !

'3
portant aspect of atomic energy is

doubtedly nuclear power.

+ Nuclear power plants are n ':
ways very similar to COI\VCI:IIIO""

or oil-fired electric generating he 1
The gencrating end — that lst. t
bines, generators, condensers,

ers, wagter intake and outfall stn:":
etc. — are the same as those b 4 »
thermal plant. The boiler, how o
quite different since this is the e s
the nuclear plant whclrc zifll“
“burned™ in place of coal or oil.

This simiI:rity between nuclcu::
plants and conventional thermal e
plants can be emphasized with r¢ >
10 a specific case. We have anal

atio™
cost of Canada's first nuclear “"d
the 20,000 kw NPD (Nuclear "5

Demonstration) and have exp
various items of cost as percent
cost. Table | summarizes this direh
With a breakdown of costs e ( o
indirect and heavy water. The d‘“:o -
have been further broken down ey
clear”, “special conventional” and "%
ard conventional®,

p
e’

Table 1
Cost breakdown of NPD '
as percent total plant <=09‘“mI R
. Nuclear Cuvfg.‘;‘ ”'
Direct costs 17% 13% 23%
Indirect ' : ﬂ’
FOBMBIvituat swawin” «dme od) WHESY
Heavy water ... ste vl oWReFT Se
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A number of interesting PO'::; e
Out in this breakdown. The iﬂd'm inee”
(administration and overheads, o

m
ing and development, and com
ing). ut 32% of otal cost of the "*'

are. much higher than "“m.‘" eold
lurgely because of the very high Ly
engineering and  development, san®
Stands at 219 of total cost: m ¥
oSt Would be only about 8% in 8 et
'clov:vemional plant where there i*
ttle development expense. .
The “nuclear” items of direct
Make wp- 179 ‘of the total M
nd the “special conventional” it¢
additional  13%. Taken togethel’ s
"1ems needing special consideration
UP 30% of the total plant ¢oM ¥
‘Pecial nature of these plants ml”u
¢Mphasized even more by '°°.k'” oot
4t the direct cost figures: a simpl s
culation shows that the nuclear .'m:ji'"
cial items make up over half the “=y
ooty With such o high proportiof
the direct costs ' associated wi~'h‘
conventional jtems, (he engineerit
are bound 10 be high, Tn this case
are at least twice normal. o alt
The items classified as “"""mrw""
mainly fn (he reactor and steam " g
areas of the plant. The major pi€ (ing*
the  calundriy and its various ﬁtfn‘"
coupled with (he moderator dump
ities, (he Primary cooling circuit s
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npanics *
ty‘or M ‘Mial u
ction 0 11 fqu ;‘PS gnd heat exchangers, and
y col ifucl]in andling equipment with the
| egwmﬂc"ﬂnes as the main item.
Ca‘egoryoir: in the “special conventional”
| suring that concerned mainly with en-
- most B that w4 the equipment or material
rgy 8% weiligl e - Wed o & oot
' very cmma“fv will function under the
o ol ome are anding conditions found in
' i @l my as of the nuclear plant. Pumps
onal o] uall © required to operate with vir-
ss:watv' &reaywlro leaks. They may be in an
5, ol Ovin re maintenance is very difficult
(raf"u# mateg' !0 radiation fields. Normal qeai
struct ol i dlr:t“ may have a very short life ur;der
;f,,cscf«’ ave k')onbeand special materials may
'hcaf’:{ -"lﬂTndw. developed for valves and
aniuf! 0“2: n:::”: Structures around a nuclear
:ar P"‘d Oncrete st have very special treatment.
- poff | Crete” N"‘ay have to be “heavy con-
refﬂ"a Bregate 1q one employing a special ag-
lylﬁd ¥ Shieldi"g w?“Pply' the required mass for
7l | Crete gy, ith minimum thickness. Con-
. o ing 1o hzces may require cooling, ow-
g B may haye at from radiation. Concrete |
g w,.d but vaper. 1o be not only water-proof
y nal)’"  liquig aPl'Oof, to contain heavy water
o dit | Problems nd vapor, All these are special
ectw conventi‘o‘ Materials and equipment are
w“n* Manner o?-al_bul employed in a special
ij"f@‘f"& 10 megy (hem:e“ some special treatment
e ncommon requirements of

e
nUC|ear system

no .

moder:\ e‘rh'mportant distinction between
Nam-s et e‘rma'] plants is the nuclear
Orteom :"Ve intolerance of equipment
Ome of u,gs' The very high value of
hrsl*clas, € contained material requires
“t‘lioacuvﬁe"‘”mance from equipment.
&lnteﬁéiié'ey‘ nf'“y_.P!‘syenl access to and
ant °P°ratio° some equipment during’
eSSty for b ‘“_rfher emphasizing the
Mecessary 1, reliability. Reliability is also
: pmduCee‘:iUSe lhe reactor continues
U also rqp; eat even after shut-down.
:xce,, Pidly increases to considerable

O shuy ;
nshof‘own ‘l( must do so promptly.
!Pppose d » €quipment must do what it is
Simple by 10 do. This sounds rather
Rble o oy Oter types of plant have been
thig c!:t by with something less than
Cessible l:se equipment is always ac-
®nergy 'rel ere is a limit to possible
case that is not far above full

N\'Jer
l&live,' hnd energy release increases re-
¥ sluggishly,

,y':n‘;ls:mction is not going to last
anq 'tmo’ N my opinion. As automation
Uent i te operation become more prev-
ire goin Conventional plants, all types
i equipz 10 require the same reliability
Noy , MeNt that the nature of reactors
thig re:mands for nuclear plants. For
°quipm:°n‘ the experience -of acquiring
sort Nt for a nuclear station gives &
Supply Preview of industry's ability 1o
a ro ¢ kind of equipment that will
%iely

Wi
er, 50 that when it is required |

uti y
line requirement of tOMOFrow’s .
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The important lesson to be fearned
i the necessity of a fully co-ordinated
design and development team intimately
concerned with the details of the job,
from conceptual design through develop-
ment to manufacturing drawings and fi-
nally through the shop and into opera-
tion. The design group required is not
normally found in industry and requires
an extraordinary combination of skills
and experience, including physicists, en-
gineers and specialists in heat transfer,
stress analysis and metallurgy. This class
of personnel is available in Canada and
the basic shop facilities necessary to
manufacture to the final design can be
found in our industry. However the de-
velopment shop and development expe-
tience is 'lacking and delays are inevit-
able while these are being acquired.

Nuclear items make up 17% of the
total cost of the plant. But what of all
the other parts of the plant? What has
Canadian industry ‘been able to do for
us? ;

It is my impression that Canadian in-
dustriadl management is willing — even
eager—to supply equipment in the quality
of materials and with the quality of
workmanship we have asked for.

In general, though, with a few notable
exceptions, the Canadian engineering in-
dustry is not well equipped to meet this
demand. This is not intended as a crit-
icism. It would. be surprising if they
were properly equipped. They are sup-
lying a relatively small market and the
large users of equipment in this country

. have generally shopped in the world at
large. Competition has been very keen.

In this situation, presumably to stay
competitive, Canadian industry  has
skimped on overhead. Very few have
research and development departments or
even first-class control laboratories and
adequate quality control staffs. Even
fewer have metallurgical staffs and many
do not have good receiving inspection,
Difficulties with materials and bought-in
components are not realized until late
stages of manufacture or early operation.

Despite these inadequacies, the firms
generally — after many headaches for
them and for us — produce the quality
of article that is needed. I should point
out here that nuclear plant customers in
E.ngla.nd and the U, S., where the situa-
tion is much more favorable for the
industries involved, encounter the same
kind of difficulties that we do. So I
feel that Canadian industry does quite
a creditable job from a comparatively
weak position.

Future market

The future market can only be a guess.
There are t00 many variables over which
we have no control and very little valid
information. If, however, ‘we make some
assumptions, we can come up S &

low #nd & high estimate of the volumie
of Canadian business to 1980.

The low estimate assumes nuclear
plants built only in Ontario by Cana-
dian firms, with no export sales, to a
total capacity of 6,000 MWe, On the
high side, we could assume 10,000 MWe
which would involve export sales and
nuclear plants in some other areas of
{Canada. ‘ '

Assuming an average capital cost of
$300 per KWe and natural uranium
oxide fuel clad in zircaloy at $25 per
pound of granium with an initial fuel
inventory of 450 pounds per MWe and

a consump(ion,of 250 pounds per. MWe
per year, we find the following volume

of business to 1980: -
: Low High
Estimate Estimate
Capital cost 1,800 millions 3,000 millions
Initial fuel F0.5 57 100 "
» Operating
fuel 300 .7 500 "
S
2,170 millions 3,600 millions
About 10% of the total value might

imported from foreign
sources, but a vigorous Canadian nuclear
industry could easily balance out this
foreign exchange debit by supplying fab-
ricated fuel and heavy water to foreign-

built nuclear plants.
My best guess is that nuclear powe.r
will continue to improve its economic
position, as it has been doing. If it can
be assumed that power costs from con-
_ventional sources will stay at about their
present level, total sales available to Ca-
. nadian industry from 1965 to 1980 will
‘be around $3 billion. The annual vol-
ume at the end of this period could be
\very large, in the range of $300 - $1,500
'million, depending upon how much of
the world market is captured. The mar-
ket is not only for uranium and heavy
water but finished fuel, pressure tubes,
pumps, auxiliaries, and complete power
systems. The opportunity is ours.
This is not all new business, A large
ernative business.

have to be

proportion is really alt
If nuclear power were not available the
same kilowatt capacity would be in-
stalled using conventional-thermul plants
or more remote hydraulic sites. If it is
assumed that nuclear at $300 per kWe
" is replacing conventional thermal at $150
per kWe, the ‘“new” business associuted
with nuclear power is about half the
total capital cost plus the nuclear fuel
- business. In Ontario, this “new’’ bps
iness is replacing imported coal,
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