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CRNL - WHAT'S IT A L L ABOUT? 

by 

A.J. Mooradian 
Vice President, CRNL 

Gentlemen: I need not welcome most of you to 
Chalk River — you are already members of the CRNL 
family. However, many of you have come a con
siderable distance to join us today and to you I would 
like to extend the hospitality of this Laboratory and 
to thank you for taking time from your busy 
schedules to be with us. We will do our best to make 
this as profitable an experience as we can — short of 
opening up negotiations again. 

The objective of this conference is pretty clear to 
us. Most people think of a scientific laboratory as a 
place where a scientist works alone, completely 
divorced from the realities of life, occasionally having 
a flash of genius and, as a result of his individual 
efforts, discovering something new. The Chalk River 
Nuclear Laboratories are about as far from this 
picture as you can get. I am sure, if you do not realize 
now, you will by the time you leave, that this 
laboratory is not one of scientists working alone but 
is a laboratory of over 2300 people, each and every
one of whom contributes to our successes and 
failures. Clearly, whatever achievements this labora
tory has registered in the past or hopes to register in 
the future, could not happen without the critical 
contribution made by all of our employees; the 
majority, over 1700 in fact, of whom are represented 
by unions - by you, gentlemen, who are sitting in 
this audience this morning. In point of fact, only one 
employee in six is engaged as research and develop
ment scientists and engineers. However, without the 
support of their five additional colleagues, their 
potential for contribution would be highly limited. 
Therefore, our main objective in conducting this 
seminar is to review the work and contributions of 
the members of the fourteen unions here at CRNL. 

There are three specific things I hope you get out 
of this conference: 

— first, a full sense of pride in the achievements 
which you and the people you represent have 

helped to bring about; 

— second, a realization that CRNL has a long future 
ahead of it and though we have accomplished 
much, much more remains to be done; 

- that Chalk River is a good place to work and that 
we have a high regard for the safety of every 
employee. 

Obviously, over the next few days it will be 
impossible to introduce you to all aspects of our 
work - we can only select samples of what is going 
on and by means of talks and visits give you an 
indication of the depth and breadth of work being 
done. We feel the samples that we have selected cover 
a fairly large spectrum of the functions in the Labora
tory and hope that you will leave with an impression 
of the type of work we are doing and how we are 
doing it. 

Mr. Collins, our Manager of Administration, will 
be speaking to you about one of our largest assets 
that never appears on a financial balance sheet: the 
human resources that we have to draw upon here. 

Mr. Breckon, Manager of Operations, will describe 
to you the work necessary and co-operation required 
and received from our employees to remove and 
replace the NRX reactor vessel — a job once thought 
to be impossible. 

Mr. L.C. Watson, Head of our Radiation and 
Industrial Safety Branch, will outline our safety 
program. 

Much of our effort these days is in support of 
Canada's Nuclear Power Program — this covers many 
areas ranging from improving fuel bundles to under
standing coolant chemistry, from supplying skilled 
tradesmen to solving engineering problems. Mr. A.E. 
Hart will be selecting one or two examples of our 
involvement in this area. 

We are most pleased that one of our speakers is 
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Mr. W. Dodge, Secretary-Treasurer of the Canadian 
Labour Congress, and look forward to his viewpoint. 

A great deal has been said and written in recent 
times when discussing new technologies and of the 
effect they will have on the ecology of the world. 
Atomic energy has received its share of the attention. 
Mr. I.L. Ophel of our Biology and Health Physics 
Division will be discussing with you our view of the 
effects of the nuclear age. 

Another topic that I am sure has come to your 
attention is that of heavy water. Dr. H.K. Rae will be 
telling this story — the reasons why we need large 
quantities and the efforts being made to ensure an 
adequate supply. 

The last area to be covered - not because it is least 
important let me assure you — is an example of the 
type of research that is being undertaken here. Again 
there is a very wide spectrum of topics to choose 
from; we have selected the topic of accelerators and 
Mr. P.R. Tunnicliffe Head of our Accelerator Physics 
branch will be explaining the work in this field and 
the hopes we have for applying this research in the 
future. 

For those of you who have a deeper interest in any 
of the things you hear or see during the tours over the 
next two days, please let Mr. Northcote know and we 
will make certain that you receive the information of 
interest to you regarding our programs and activities. 

Now let us examine CRNL and what it is all about. 
If you live in Ontario, at the moment about 10% of 
the power coming into your house is coming from 
nuclear power stations that couldn't have existed 
without the background of work that came from 
CRNL. If you happen to be a suspected thyroid case, 
the iodine cocktail you take to diagnose your ailment 
will have come from CRNL. If you or members of 
your family have ever been threatened by cancer, you 
will be treated by Co-60 that comes from CRNL. If 
you happen to do any planting or gardening in your 
spare time, chances are you will use fertilizers at 
certain specified times for maximum productivity 
because of the experimental work that was made 
possible by tracer chemistry and labelled compounds 
that came from CRNL. If a surgeon opens a poly
ethylene sack to extract sterilized sutures, it is likely 
they will have been sterilized by isotopes that came 
from CRNL. 

I could go on for the next three to four hours 
giving specific examples of how isotopes and atomic 
energy have already been put to work for the benefit 
of everyone in this country and additionally, and 

probably more important, to the benefit of many 
peoples throughout the world. 

However, I would really like to focus your atten
tion today on one of the big programs that has 
resulted in a big industry. That is, the nuclear power 
program: the generation of electricity from nuclear 
energy, and to draw your attention particularly to 
Chalk River's contribution to this development and 
the critical importance of the good work which has 
been done by our labour force in making this achieve
ment possible. 

Power generation is a big chip game. Over the next 
20 years, Canada will be spending approximately $50 
billion in the supply of power generation equipment; 
that is, equipment which only takes the power to the 
bus bars. If I were asked to give a terse description of 
AECL's role in this game, it would be to see that as 
many as possible of these dollars are spent to pay 
Canadians to do the engineering, Canadians to do the 
science, Canadians to do the manufacturing, supply, 
and construction so that a whole spectrum of new 
jobs would open up that never existed before. This 
would give your sons and daughters the opportunity 
of obtaining newly created jobs, not only in the 
labour, clerical or skilled trade fields, but if you have 
sent them on to post-secondary education institu
tions, jobs as technologists, engineers and scientists. 
In fact, a whole new field in which a large choice of 
vocation exists. 

"Nuclear Power is no longer a Laboratory curi
osity". "It is now at the stage of commercial exploita
tion". 

On May 8 the Hon. Alastair Gillespie (Minister of 
State for Science and Technology) visited CRNL and 
was introduced to our activities with this quotation. 
Although this text has not yet been officially pub
lished I have had copies included with the presenta
tions which you will receive; I hope you will take 
time to read it. 

This document provides the opportunity to 
determine for yourselves just how large and essential 
a role you and this Laboratory have played and will 
continue to play in Canadian and world wide affairs. 

Thank you. 
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CANADA'S NUCLEAR POWER PROGRAM 
IN CONTEXT WITH THAT OF THE WORLD 

by 
A.J. Mooradian 

Prepared for the Visit to CRNL of 
The Honourable Alastair Gillespie 

Minister of State 
for Science and Technology 

8th May 1972 

INTRODUCTION 

Nuclear power is no longer a laboratory curiosity. 
It is now at the stage of commercial exploitation. As 
of January 1, 1972, 127 power producing nuclear 
reactors were feeding the electric grids of fifteen 
countries. An additional 136 power reactors were 
committed and in various stages of construction in 
twenty-one countries. At the moment, ten other 
countries are actively planning' nuclear installations 
for commissioning in the latter half of the 1970s. As 
of January 1, 1972, the score reads something like 
this: 

1. There was a total of 35,340 MWe of operating 
nuclear capacity. 

It helps to put this number in context by re
membering that the whole of Canada is serviced 
by about 47,000 MWe of installed capacity. In 
Ontario for example, our total capacity installed 
is 13,500 MWe, or about one-third of the world 
operating nuclear capacity. 

2. There is a total of an additional 93,269 MWe 
firmly committed and under construction and a 
further 90,784 MWe planned throughout the 
world. 

3. The International Atomic Energy Agency esti
mates that by 1980 there will be 300,000 MWe of 
nuclear capacity, and estimates this production 
with an uncertainty of only ±20%. 

4. In terms of investment, the world will be 
spending about 100 billion dollars on the instal
lation of nuclear generating capacity over the 
next ten years. Over one-third of these dollars are 
now firmly committed. 

The largest unit in operation today is 809 MW 
net, sufficient to service a city of half a million 

people. The largest single unit under construction is 
designed to deliver 1230 MWe to the Tennessee 
Valley Authority. 

These figures not only demonstrate that nuclear 
energy has emerged from its laboratory cocoon, but 
also that it is an industrial activity which is growing 
with great rapidity. Over the next six to seven years, 
the doubling time for operating nuclear capacity is 
about two years. 

Why this quickly developing world-wide interest in 
nuclear energy? 

The answer is not simple. Some of the factors 
which have spurred the rapid development of nuclear 
power are political, some are technical, and others are 
economic. 

Low cost and abundant energy is an absolutely 
essential ingredient of any progressive society. There 
is a direct correlation between energy consumption 
per capita and the standard of living. Unlike hydro or 
fossil fired stations, nuclear installations offer the 
advantage of essential independence of energy supply 
from geographic considerations. No longer need any 
nation's progress be inhibited by the accident of 
geography, which gave some regions hydro and fossil 
resources, while denying others. To illustrate the 
economic insensitivity of a nuclear power plant to its 
location, I have calculated the increase in power cost 
which would result if nuclear fuel were fabricated in 
Halifax, packed, and air freighted to Vancouver for 
use. The transportation of the fuel would contribute 
less than 2/1000 of a cent per kWh to the cost of the 
electricity generated in Vancouver. 

Even within a country, regions which are endowed 
with hydro and fossil resources are not free of the 
penalty of having to transport energy. Transmission 
of electricity is one of the most expensive ways of 
transporting energy. It is matched in cost only by 
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transport of oil by lake tanker or tank car. For 
example, each 100 miles of main line transmission' 
adds between 0.14 to 0.5 milis/kWh, depending on 
capacity, voltage, terrain, land costs, etc. At the 
lowest end of this range (which is as cheap as anyone 
does it), the transmission cost of electricity at 500 
miles, equals the total fuelling costs for a CANDU 
reactor. At the upper end of the scale it requires only 
140 miles of transmission lines to equal the total 
fuelling costs of a nuclear installation. Over 300 
miles, the cheapest form of energy transmission is 
coal by water, and oil by pipeline. But even these are 
significant. At the lowest of these rates, the trans
port cost alone at 1400 miles equals the total nuclear 
fuelling costs. It is not surprising that even those 
countries which are endowed with ample reserves of 
fossil and hydro resources are also interested in 
nuclear power. 

As an example, in British Columbia about 30% of 
their present generating capacity is in thermal units, 
yet they have well over 20,000 MWs of hydro 
reserves. Obviously, this is the optimum mix at the 
moment. 

Energy is so basic a nationalriecessity, that the 
integrity of fuel supply has been an enormous 
stimulus to spur the development and installation of 
nuclear power reactors. Political factors, labour 
unrest, etc. have brought the fuel reserves of some 
utilities down to no more than one week. The Suez 
crisis was the impetus required to launch the U.K. 
commercial reactor program. Obviously, even for 
those countries without domestic uranium resources, 
it is more credible to secure the nation's energy 
supply through storage of uranium reserves than by 
the accumulation of enormous mountains of coal or 
vast oil tank farms. 

In the U.S., where coal is an important energy 
source, nuclear energy helped to stabilize coal prices 
and forced efficiencies on the coal mining and trans
portation industry. 

Probably the over-riding most important single 
factor which has influenced the rapid development of 
nuclear power has been the voracious world-wide 
appetite for electric energy. The doubling time on a 
global basis is about ten years. It is a sobering thought 
that over the next ten years we will be installing as 
much electrical capacity as we have done previously 
over our entire history. The ten years is an average; 
there are areas in the world where the pace is even 
faster - Japan for example. At these incredible 
growth rates, even those regions which are today 
relatively generously endowed with hydro and fossil 

reserves can foresee an impending shortage of low 
cost power and have today begun to exercise the 
nuclear option. One cannot help but sympathize 
with the utilities who are responsible for meeting 
these energy requirements. Although plants can be 
built in four to five years, the whole process of 
planning, site selection, environmental studies, 
engineering, safety studies, purchasing, financing, etc. 
requires an interval of about IVi years — an interval 
that equals the doubling time of demands in British 
Columbia. 

The picture for Canada is much the same as that 
for the rest of the world. Our doubling time for 
electrical energy is about ten years on a national 
basis. Although Canada as a whole is relatively 
generously endowed with hydro and fossil reserves, 
these are not always economically situated with 
regard to the load centres. For example, the growth 
of demand in Ontario has already overtaken the 
hydro capacity. At the moment 40% of Ontario 
Hydro capacity is in thermal units, much of it fed 
by U.S. coal, the most economic source for that area. 
Quebec will largely exhaust its hydro resources by 
1980 and already is thinking about its future thermal 
installations. If the growth of thermal capacity of 
Ontario were to be fed by the most economic fuel, by 
1980 Ontario would be faced with about a $300 
million annual U.S. coal bill. Obviously it makes good 
sense to burn Canadian uranium in preference to 
American coal. Conversely, it makes little sense to 
plant a nuclear installation on a western Canadian 
coal field. 

All of our nuclear capacity is based on the 
CANDU (Canadian Deuterium) concept of nuclear 
power plant. It is a unique product of the Canadian 
Nuclear Power Program and the question is, what is 
the rationale behind this program and how does it 
stack up in context with the rest of the world? 

To my knowledge, never in any field of com
mercial technology has the world engaged in such a 
display of open generosity. Since August 1955, the 
time of the first Geneva Conference sponsored by the 
International Atomic Energy Agency, the peacetime 
application of nuclear energy has been an open book 
for all who cared to read and participate. As a result, 
none of the various nuclear power programs of the 
world were launched in a technical vacuum or are 
being developed in isolation. Each nation has chosen 
its particular development program, not in ignorance 
of what the rest of the world has to offer, but rather 
with the full knowledge of developments which are 
taking place elsewhere, aware of the advantages and 
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disadvantages of the many alternative approaches and 
the fitting in of a particular line of development with 
the national assets and liabilities of their particular 
country. 

There are quite literally hundreds of reactor 
variants which are technically feasible, but only three 
of these have achieved commercial status. Each has 
been the result of focusing development attention on 
one of three points of economy: 

- Capital cost (i.e. the initial cost outlay) 
- Efficiency (thermal to electric) 
- Neutron economy (synonymous with fuel 

economy). 

Although ideally a nuclear power development 
program would attempt to embrace all three points of 
fundamental economy, in practice it has been all that 
any one nation could handle to attack one and bring it 
to industrial fruition before turning its attention to 
the others. 

The U.S., the U.K., and Canada are the foremost 
sponsors of each of the points of emphasis. 

THE U.S. PROGRAM 
In the case of the U.S. enriched light water 

program, the high private utility interest rates and the 
ready availability of enrichment capacity surplus to 
military requirements focused the early program on 
capital cost. With a technological base established by 
the submarine reactor program and a large utility 
market facing increasing fuel costs, there was a strong 
incentive to push for early industrialization. Effi
ciency and neutron economy became secondary con
siderations. Technologically, enriched uranium allows 

the development of reactors of high power density, 
and the use of coolants and materials of high neutron 
capture cross-section. Both of these serve to make it 
easier to engineer the reactor for lower capital costs. 
For example, light (ordinary) water can be used for 
moderator and coolant, while steels can be used for 
reactor components. However, this is all done at the 
expense of neutron economy and results in higher 
fuelling costs (about twice the Canadian system). The 
early widespread international acceptance of the U.S. 
light water reactors testifies to the wisdom of this 
choice. However, it is noteworthy that having esta
blished the light water enriched reactors, the U.S. has 
turned the full weight of its development effort to 
exploit the neutron economy of ah entirely different 
concept of reactor — the sodium cooled fast breeder. 

THE U.K. PROGRAM 

Unlike the U.S., the U.K. program (French iden
tical) was characterized by its emphasis on conversion 
efficiency. The U.K. adopted the gas-cooled graphite 
reactor concept which allows the extraction of heat 
from the reactor at high temperature with carbon 
dioxide. The use of gas for coolant and graphite for 
moderator makes for large reactor cores and large 
boilers of relatively high capital cost and indifferent 
neutron economy. Early industrial application of this 
concept in the U.K. was encouraged by familiarity 
with the system as a result of the Windscale pluto
nium program, the Suez crisis, and by low utility 
financing rates. This has been a very successful 
domestic program. At the moment as much 
electricity has been generated by this type of reactor 
as by any other (including the LWRs). However, with 
neither fuel economy nor low capital cost in its 
favour, the gas-cooled graphite reactor has not found 
widespread application in the rest of the world, even 
though it commands an excellent operating record in 
the U.K. As in the case of the U.S., having established 
the gas-graphite reactor as a domestic power source of 
relatively high efficiency, the U.K. are now largely 
channelling their R & D effort along lines similar to 
the U.S., i.e. into the sodium cooled fast breeder 
reactor, in order to reduce capital cost and improve 
neutron economy without sacrifice of efficiency. 

THE CANADIAN PROGRAM 
Unlike either the U.K. or the U.S., we in Canada 

adopted the neutron economy offered by heavy 
water as our point of emphasis and natural uranium 
as our discipline. It had been clearly apparent from 
the outset, that the principal asset offered by nuclear 
power was fuel economy. The furnace is more 
sophisticated and complex than a fossil fired unit and 
is bound to be more expensive. If a lasting compe
titive edge was to be won, it had to be won on 
neutron economy. It would have been an easier task 
to accept one of the other points of emphasis, but the 
limited industrial and technological capacity of 
Canada could not tolerate a revolutionary conversion 
from one concept to another such as is now contem
plated by the U.S. and U.K. In addition, although the 
need was apparent, there was not the same urgency 
for industrialization, and time was available for its 
development. With regard to capital cost, the bet was 
that most of the capital in the plant was tied up with 
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transporting heat and that the enormous scope for 
engineering, manufacturing, and construction in
genuity, would level out the capital costs of the U.S. 
and Canadian water cooled systems to a common 
asymptote. This judgement is proving to be well 
founded. Most of the recent tenders and estimates 
indicate that the capital costs of both Canadian and 
U.S. reactors fall within a band of ±10%. 

The key to neutron economy in the thermal 
reactors is heavy water moderation and neutron 
transparent core materials. The use of natural ura
nium in the Canadian system is incidental to the 
fundamental concept of neutron economy. Neverthe
less, its use has certain economic and political advan
tages at the moment, and it serves as a discipline in R 
& D and reactor design. Without this discipline, it is 
doubtful that the limited Canadian resources would 
have been adequate to develop a Canadian nuclear 
power program. Natural uranium forced us to seek 
the elegant solution to every problem and to focus 
our attention uniquely on that approach. An example 
may serve to illustrate the importance of the disci
pline enforced by the use of natural uranium. The 
freedom to use enriched uranium would have allowed 
the use of any one of a large number of common 
alloys for reactor construction materials. These alloys 
were in fact given more attention by our foreign 
colleagues than was available to the entire Canadian 
program. However, the stipulation of natural uranium 
forced us to focus all Canadian effort on the zirco
nium alloys, the only metal nature provides with the 
right combination of nuclear, chemical, and engi
neering properties. Although we have not emerged as 
the world expert on materials radiation damage in 
general, we have certainly emerged a recognized 
international authority on the neutron transparent 
zirconium alloys which are used today, not only by 
ourselves but also by the rest of the world, including 
the U.S., the U.K., France and the U.S.S.R. 

Similarly, our effort has been focused on low 
parasitic content fuels, and the best moderator nature 
provides - heavy water. The overall result of this 
approach has been most gratifying. Today we have 
evolved a nuclear power system with the lowest 
fuelling cost yet developed by any other program. 

Similarly, we find that our estimates of capital cost 
for progressively larger units is approaching a 
common asymptote with that of the light water 
reactors. 

Contrary to the impression which our press is 
inclined to convey, we have plenty of company in the 
heavy water reactor approach. Although both Italy 

and Japan are buying light water reactors at the 
moment, the only thermal reactor option they are 
developing as national programs is the heavy water 
concept. In addition, Great Britain, Germany, India, 
Pakistan, and Argentina are all exercising the heavy 
water option, and Australia, Romania, Turkey and 
Yugoslavia all have a strong interest in the heavy 
water system. 

This widespread and quickly growing international 
interest results from many factors other than the 
obviously attractive fuel economy. 

ADVANTAGES OF CANDU SYSTEM 
1. Low Total Capital Investment 

The total capital investment to achieve an inde
pendent national position is significantly lower than 
that required for U.S. type enriched reactors. A self-
contained enriched reactor system requires the fol
lowing: 

a) Enrichment facilities-

By the proven diffusion process, this requires 
investment quanta in the order of one to two 
billion dollars. The new centrifuge process, which 
is under development, promises to reduce the 
investment quanta. However, the cost per sepa
rative unit will be higher than that from the large 
diffusion plants. 

b) Fuel fabrication facilities. 

c) The power plant itself. 

d) Spent fuel processing facilities-

These required large scale throughput to achieve 
economic processing. 

The quoted fuelling costs of U.S. type reactors are 
based on a rapid recovery of the residual enriched 
uranium and plutonium left in the spent fuel. 
Without recovery of these spent fuel values, a 
significant margin of economy of these systems is 
lost. An economic fuel processing plant requires a 
throughput of at least three tonne/day and is 
estimated to cost over 50 million dollars. In 
comparison, a self-contained heavy water natural 
uranium system requires the following: 

(a) Heavy water production facilities-

Although economy improves with size, heavy 
water can be produced at acceptable cost in 
units as small as 200 tonne/year involving an 
initial capital cost of about 70 million dollars 
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by the proven G.S. process. Recent develop
ments at CRNL promise to reduce the mini
mum size of plants below 100 tonne/year. 
This new process is, however, not proven on a 
production scale. 

(b) Fuel fabrication facilities-

For natural uranium of the CANDU design, 
fuel fabrication facilities can be commissioned 
for less than 5% of the cost of the power 
generating unit, and can be built in quanta to 
supply no more than 500 MWe of station 
capacity. 

(c) The power plant itself. 

(d) No fuel reprocessing is required for the 
CANDU system. The fuelling cost of the 
CANDU system does not take credit for spent 
fuel. In fact, the process is so efficient the 
residual uranium is not worth recovering. 
However, the spent fuel can be cheaply stored 
until such time that it becomes economically 
attractive to recover the plutonium values. In 
effect, CANDU reactor spent fuel bays may 
be considered Canada's future plutonium 
mines which can await exploitation until a 
good market develops. 

In situations where capital and technical resources 
are limited, the growth of the industry can be staged 
in smaller quanta of investment. When one stage has 
been digested, resources can be brought to bear on 
the next logical stage, just as we are doing in Canada. 

2. Competitive Position Invulnerable to Fast Reactor 
Developments 

The problems of developing and commercializing 
the Fast Reactor are now coming into focus. The 
most optimistic predictions place the commerciali
zation date at 1985, the majority customer opinion 
pushes this closer to 1.995, and the pessimists 
take the turn of the century. The CANDU system 
profits by both an early or late entry of the fast 
reactor. An early entry and resounding success will 
mean a bullish market for CANDU plutonium that 
will push the fuel cycle cost of the CANDU reactors 
significantly below that of the fast reactors. The 
reason for this is that the fuel doubling time is very 
probably longer than the doubling time of energy 
requirements. The CANDUs and fast reactors find 
themselves complementary in this respect. If the fast 
reactors are late, the high return of energy per initial 
fissile atom mined will stretch out uranium reserves at 
the lowest possible cost. This makes the CANDU 

reactor the best hedge against the uncertainties asso
ciated with fast reactor development. What's more, 
fast reactors and CANDU reactors can live very com
fortably together in any utility system for the 
indefinite future. 

3. Flexibility of Fuelling 

Of the various systems developed to date, the 
CANDU is the least perturbed by changes in the cost 
of the various nuclear fuels. Thorium, enriched 
uranium, natural uranium, and plutonium in various 
combinations, can all be burned. In point of fact, 
enriched uranium can be used more economically in a 
CANDU reactor than in a light water reactor. In 
contrast, an enriched light water reactor cannot even 
be brought to criticality with natural uranium. 

4. Enormous Scope for Future Developments 

The basic fuel economy of the current line of 
heavy water cooled reactors have now been esta
blished. The major improvements to the system can 
be expected to come from developments aimed at 
reducing the capital and operating costs. These can be 
expected in the following areas: 

a) D 2 O Cooled Douglas Point Type - The so called 
CANDU-PHW (for Pressurized Heavy Water 
cooled) 

Significant improvements can be expected in the 
next round in the following areas: 

i) Higher power density fuels combined with 
in-core boiling. This results in more power 
from the same size of core. 

ii) Stronger, high temperature alloys to allow 
higher temperature operation with resulting 
improved efficiency. 

iii) Simplified systems designs for lower capital 
cost and higher availability. 

iv) Feedback of manufacturing, construction, 
and operating experience into the design of 
the plant and components. 

v) Improvements in heavy water management. 

vi) Coolant chemistry developments to reduce 
the radioactivity of primary circuits and thus 
reduce maintenance costs. 

b) Alternate Coolants 

Both boiling light water coolants and organic 
coolants are under active development because of 
their promise in reducing the capital and operating 
cost of the system. It is noteworthy that these 
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developments require no change in the pressure 
tube, fuel, and moderator concepts. Most impor
tant, this flexibility to use alternative coolants 
does not require a major investment in new Cana
dian manufacturing facilities or a convulsive 
change in technology. 

c) Heavy Water Production Costs 

This industry is now in its primary stages of 
development. As yet the proven process for pro
duction (the G.S. process) has not been subjected 
to rigorous examination for further economies. In 
addition, new processes are being developed which 
promise significant economies over the G.S. 
process. 

d) Plutonium Feedback 

Studies to date indicate that spent uranium fuels 
can be processed to recover plutonium at a cost 
sufficiently low to make its recycle into the 
system profitable. 

Enough of the rationale of the Canadian program. 
Now I would like to turn your attention to how we 
are doing. 

NPD (Nuclear Power Demonstration), a few miles 
upriver from Chalk River Nuclear Laboratories, 
demonstrated that nuclear power was feasible when it 
began operating in 1962. It also demonstrated that a 
nuclear power reactor could be refuelled while opera
ting - a big plus for the Canadian program. It pro
duces 22,000 kilowatts. 

Douglas Point, which began operating in 1966, is a 
prototype which proved that what could be done on 
a pilot plant scale at NPD would also work with a 
reactor ten times more powerful, producing 200,000 
kilowatts. 

Along with Douglas Point, we built a nuclear 
expertise^and manufacturing capability in the private 
sector of Canadian industry to make Canada techno
logically self-sufficient. We have a growing industrial 
competence in dozens of fields such as fuel fabri
cation, zirconium alloy technology, fuel channel fab
rication and heavy water production methods. 

We had our share of difficulties with both NPD 
and Douglas Point, however, no more and perhaps 
less than our foreign colleagues have experienced. The 
most disappointing aspect of first nuclear stations 
throughout the world has been the incidence of 
failures of so called conventional components — tur
bines, pumps, instruments, valves, etc. Some, though 
comparatively little, difficulty has been encountered 
with the nuclear core of the plant. Our experience 

was no different. These bugs have now largely been 
weeded out. What is of more significance is an 
examination of the key features of the CANDU 
concept which have now been proven: 

1. Neutron Economy: All of the units commissioned 
to date have indicated a reactivity very close to the 
design calculations. 

2. Fuel Economy: The reactivity of a reactor simply 
tells us the nuclear limit on the fuel burnup. To 
achieve fuel economy, fuel must be made at the 
right price which can perform to the nuclear limit 
of burnup. We have now developed in Canada a 
domestic nuclear fuel fabrication industry capable 
of manufacturing fuel of almost any type. The real 
test of the industry came with the first compe
titive tender for fuel to feed the Pickering Station. 
The price came in well within estimates and gives 
Pickering a fuelling cost of about 0.7 mill/ 
kWh — a value which cannot be bettered by any 
system developed to date (about one-half the 
fuelling cost of U.S. reactors). Incidentally, the 
Pickering fuel specifications are based on that de
veloped for NPD and Douglas Point. We have now 
irradiated to design burnup, some thousands of 
fuel bundles with a failure rate well under 1%. 

3. On-Power Fuelling: Unlike competitive concepts, 
CANDU reactors are designed to be fuelled on-
power. Our early experience with the NPD and 
Douglas Point fuelling machines was not happy. 
On occasion they broke down on the face of the 
reactor and this required shutdowns to disengage 
and repair them. However, we have devoted con
certed effort to this problem over the past two 
years, and now believe we have mastered the 
technology. We have now changed over 3000 
bundles on Douglas Point at temperature and 
pressure. Fuelling machines are machines and will 
continue to break down on occasion and require 
maintenance. However, we now know enough 
about them that we do not expect to have them 
significantly affect the availability of commercial 
stations. 

4. Pressure Tubes: Unlike the U.S. reactors which use 
pressure vessels to contain the primary coolant in 
the reactor core, CANDU reactors use a lattice of 
pressure tubes.'Our choice of this design concept 
was based on the ease of scaling up the reactors by 
simply increasing the number of tubes to get a 
more powerful core. This has proved to be one of 
our most successful decisions. We have found little 
difficulty in scaling up reactor power through the 
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successive steps of NPD at 22 MWe, to Douglas 
Point at 200 MWe, to Pickering (500 MWe), to 
Bruce (750 MWe). What is more important, we see 
no fundamental obstacle to using the concept for 
much larger units. 

5. Heavy Water Management: Heavy water is ex
pensive and must be conserved if over-all economy 
is to be attained. The moderator circuit presents 
few problems. It is a low pressure, low tempera
ture system with which we have had experience 
since NRX was commissioned in 1947. The 
primary coolant system of the PHW version of 
CANDU is another matter. This contains heavy 
water at high temperature and pressure. Our ex
perience here indicates that good design and 
maintenance practice can minimize leakage but 
not eliminate it. This has necessitated the develop
ment of the so called "dry-vault" principle. Under 
this principle, high temperature heavy water cir
cuits are designed into sealed vaults in which 
leaking vapour is collected in driers. This principle 
was evolved in NPD and Douglas Point, and has 
been designed into the Pickering and Bruce sta
tions. Our experience indicates that the combina
tion of good design practice and the application of 
the "dry-vault" principle should confine heavy 
water management costs to about 0.1 mill/kWh. 
Current Pickering experience bears this out. 

6. Construction Time: The costs of most complex 
construction projects are strongly dependent on 
how quickly they are executed. This in turn 
depends on the experience and response of the 
whole industrial complex of the country. Our first 
projects were certainly nothing to boast 
about - we were all just learning to work together 
and learning how to organize projects of such 
complexity and magnitude. Probably one of the 
most encouraging signs as to our progress is the 
remarkably good schedule to which Gentilly was 
constructed. From commitment to criticality, it 
took a tight 4Vi years - a schedule not surpassed 
anywhere in the world. 

7. Current Status: The nuclear power industry dra
matically came of age last year with Pickering, the 
first full-fledged commercial station, which you 
visited recently (four 500 MWe reactors making up 
a 2000 MWe station). The years of research, 
demonstration plant stage, prototype stations and 
development with industry paid off handsomely as. 
Pickering #1 started up February 28 th, produced 
first electricity April 4th, went to full power May 
30th and was declared "in service'"' July 29th. In 

November last year it operated almost perfectly 
with a capacity factor — actual output versus 
theoretically perfect output — of 98.8 percent. 
Pickering #2 performed even better — from start
up on September 15th to full power November 
7th in the incredibly short space of TA weeks, and 
was declared "in service" by Ontario Hydro before 
the end of the year. Pickering #3 went critical last 
week, and by 1974 the station will be feeding. 
2,000,000 kilowatts to the Ontario Hydro grid. 

Also under construction is the Bruce Nuclear 
Power Centre, whose four reactors will be phased 
into operation between 1976 and 1979, to deliver 
3,000,000 kilowatts of electricity to the Ontario 
Hydro grid. 
In summary, we believe the technology is well in 

hand and the industry is developing nicely. Canada is 
now in a position to enjoy the full fruits of its own 
nuclear power industry founded on its own techno
logical and scientific base. That is not to say that we 
are not going to encounter bugs. Any machine of the 
size and complexity of a power station will have a 
few. No One can guarantee that every component has 
been built and installed to precise specification. What 
can be guaranteed is that such difficulties as do arise 
are not fundamental to the concept and that they can 
be resolved with competent effort. 
Where Are We Going? 

Thus far, we are in the position where our Mark I 
CANDU (the PHW) is at the stage of successful 
commercial exploitation. Early last year at Gentilly, 
the first evolutionary advance of the CANDU system 
over the pressurized heavy water system came into 
operation. It is a 250 MWe prototype of natural 
uranium burning, heavy water moderated, boiling 
light water cooled reactor. 

This reactor, like the pressurized heavy water 
reactor, uses pressure tubes, but rather than using 
heavy water to carry the energy away from the 
reactor, light water is used. The light water is allowed 
to boil in the reactor itself and the steam this 
generates is used to drive the turbine directly. 

We believe that within one to two years, we should 
have sufficient operating experience with Gentilly to 
seriously consider offering a full scale commercial 
unit of 500 MWe or more. Studies are underway of 
future generations of this concept designed to make 
best use of Canadian plutonium. Engineering studies 
indicate significant potential for capital cost reduc
tions. Such stations could start with slightly enriched 
uranium and subsequently convert to burning 
Canadian plutonium. 
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An obvious target for development attention is the 
thermal to electric conversion efficiency. Improve
ments in efficiency can only be achieved with some 
difficulty in water cooled reactors. The limitations 
are imposed by the requirement for containment of 
the primary system at higher pressures and tempera
tures. This in turn requires the development of new 
alloys for in-core service. 

One of the more advanced ideas associated with 
the heavy water reactors, is the possibility of using an 
oil as coolant, rather than water. This idea is by no 
means unique to Canada; its merits have been specu
lated on for many years by all of the major nuclear 
nations. It is based on the concept that the terphenyls 
(a hydro-carbon oil) can transport heat at lower 
pressures and higher temperatures than can be con
sidered for water. For example, most water cooled 
systems are confined to a temperature no higher than 
about 300°C to 320°C. Terphenyls offer the pros
pects of increasing this temperature limit to 400°C 
and above. 

Fur the past six years, we have been operating a 
reactor of this type at Whiteshell. We call it 
WR-1 - Whiteshell Reactor One. It too is a heavy 
water moderated pressure tube reactor. It differs 
from all other reactors in operation in the world 
today in that the coolant is a hydrogenated terphenyl 
operating at a temperature of 400°C. 

The very remarkable thing about WR-1 has not 
been that we have encountered fewer problems than 
with other systems, but rather how easily we have 
been able to resolve them. The operating record of 
this reactor is quite exceptional. If it were not for the 

many experiments we conduct in the core, the calcu
lated availability of the unit over the past year would 
have been approximately 91%. An important pro
perty of this system is that there is very little 
transport of radioactive material in the primary 
system. Indeed, the radiation fields in the primary 
heat exchanger room are so low as to allow a man to 
work in this environment all day without exceeding 
the allowable radiation exposure. 

Our program is such that within one to two years, 
we anticipate completion of the feasibility studies 
and experiments necessary to elevate the prospects 
for this concept sufficiently to warrant the financial 
risk associated with the commitment of a power 
producing prototype. 

In the jargon of the field of nuclear energy, the 
CANDU reactors are classified as "Advanced Con
verters" simply because they are an advanced concept 
and they are the best thermal converters of non-fissile 
to fissile material. 

With the construction and commissioning of the 
Pickering reactors, Canada is firmly established in the 
commercial nuclear power game. It is an achievement 
in which all Canadians. can take pride. It is a clear 
demonstration that Canada has the capacity to stay at 
the forefront of technology and the industrial 
competence to profit by it. What's more, the CANDU 
line of reactors allows evolutionary, step by step 
improvements in quanta well within the techno
logical and financial resources of our country. These 
will insure its competitive position into the fore
seeable future. 

The only failure we can foresee would result from 
a lack of national self-confidence. 



HUMAN RESOURCES AT CRNL 

by 

J.H.Collins 
Manager, Administration Division 

Few visitors to the Chalk River Nuclear Labora
tories over the twenty-seven odd years of its exis
tence, have failed to be impressed by the physical 
plant. The reactors, the cells, the well equipped 
laboratories, and shops, the well maintained buildings 
and grounds, all of these are impressive to the visitor. 
Important as these may be they would have little 
significance without the key ingredient of the labora
tories, its people. 

For many years if you told someone in one of the 
major urban centres that you worked at Chalk River 
you usually received one of three comments: (1) he 
had never heard of it (2) he thought you worked in a 
uranium mine or (3) he thought you must be a 
physicist with a PhD degree. Through the growth of 
our Company, the outstanding successes of the 
Canadian nuclear program and our hard working 
public relations staff the first two comments are 

becoming heard less frequently. As for the third 
comment it is true that there are many PhD's at 
CRNL. Some of them are physicists and others are 
chemists, biologists, metalurgists and engineers.. The 
whole program could not survive without their contri
butions and the ideas they generate. They are very 
important. Conversely their contributions would be 
pointless and the program would grind to a halt 
without the efforts of the other professional staff and 
the support staff. In this regard our work can be 
compared to the airline industry where it takes a 
relatively large number of people to keep each one of 
the aircrew in the air. At Chalk River, as Dr. 
Mooradian has stated, for every professional engaged 
in research and development there are six other 
personnel providing support. The ratio of PhD's to 
the rest of the personnel is about one to fifteen. Yes, 
all of our over 2,300 people make their important 
contribution. 
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Figure 1 — Aerial view of CRNL. 



As part of the Chalk River program our personnel 
are contributing to a much broader Company pro
gram for the benefit of Canada as a whole, not only 
in providing much needed power but also in creating 
an anticipated many thousands of new jobs for 
Canadians in the thriving new nuclear industry. The 
skills of the CRNL staff are many and cover a wide 
spectrum, from those normal for labour to those at 
the very forefront of science and technology. Some 
of the fields of specialization of our professionals 
have been mentioned. In addition there are librarians, 
biologists, a highly qualified medical staff, and even 
administrators. Our engineers are generally from the 
chemical, civil, electrical, metallurgical and engi
neering physics disciplines of the profession. Working 
closely with the scientists and engineers engaged-in 
research and development are the technologists and 
technicians trained in comparable technical disci
plines. Some idea of the scope and importance of the 
research and development effort and the use of these 
skills will be demonstrated in detail in other papers 
and during the tours of the facilities. Needless to say, 
this relatively large group of combined talents, is not 
only valuable but essential to the laboratories' R & D 
effort. 

Working closely with our design engineers are the 
design technologists and draftsmen. It is this group 
that is responsible for the design of the equipment, 
facilities and systems which are incorporated into our 
R & D program. These designs, in turn, must take 
shape in the form of physical equipment. The equip
ment is usually of a "one-off nature and the fabri
cation is done in our own shops where machinists, 
sheet-metal workers, leadburners, welders, pipefitters, 
millwrights, electricians, instrument men and non-
trade shop personnel may be involved. Purchasing and 
stores personnel must provide material and supplies 
and inspectors must examine the final products. To 
house a new facility it may be necessary to construct 
a new building or modify an old one. This may 
require many of the same skills as well as labourers, 
carpenters, bricklayers, painters, hoisting engineers 
and truck drivers. Once installed a new facility must 
be maintained and operated. Many of the same trades 
that fabricated and installed it will also maintain it. If 
it is installed in one of the major reactors, NRX or 
NRU, or the MP accelerator, process operators will 
operate it and receive support from radiation sur
veyors, decontamination and air-conditioning person
nel as well as the trades. Thus an extensive cross 
section of CRNL people can be directly involved with 
a new R & D facility. 

Figure 2 — Meeting of Management — Unions Co
operative Committee. 

Figure 3 — Meeting of Management - Allied Council 
Co-operative Committee. 

A very important product of a successful R & D 
program is the reports that result, for these are a 
major line of communication in the scientific and 
technical world. Our stenographers, photographers 
and lithographers all take part in the production of a 
report and the clerical and mail room staff in its 
distribution. 

But what of the indirect support? The stationary 
engineers operate the power house and supply steam, 
water and compressed air to the plant. Because of our 
history and location we operate a fleet of buses to 
transport employees between Pembroke, Deep River 
and the plant. The plant property extends over 14 
square miles with 150 buildings and 33 miles of roads 
all of which must be maintained by our maintenance 

- 1 2 -



staffs and protected by our security force and fire
fighters. The medical staff operate a plant hospital 
with first-aid, X-ray, blood sampling and other per
tinent facilities. Many of our office workers are 
employed in the financial and administration opera
tions of CRNL. 

In summary, it requires many skills and the contri
butions of many people as well as scientists and 
engineers to conduct a research and development 
program. At CRNL we have a balance of human 
resources which has been a major factor in the success 
of our program. This same balance contributes to our 
successful isotope production program. Every one of 
the over 2,300 employees should feel that he is 
contributing to Canada's nuclear future. 





REPLACEMENT OF THE N R X 
REACTOR VESSEL 1970 

by 

D.G. Breckon 
Manager, Operations Division 

INTRODUCTION 

Today, I have chosen to describe the vessel re
placement in NRX that took place in late 1970 as an 
outstanding example of the co-operation between 
labour and management at CRNL. We are justifiably 
proud that this planned operation was successfully 
completed ahead of schedule and with no over
exposure of personnel to radiation. This achievement 
was made possible by the combined skill and experi
ence of personnel of many disciplines. Indeed, most 
classifications of hourly rate and staff made a direct 
contribution to the task. In particular, the co
operation on the part of the operations and mainten
ance forces was a major factor leading to smooth 
performance of the work. 

After the NRX accident of December 1952, when 
several calandria tubes were damaged during an un
expected reactor power rise, fourteen months were 
required to rehabilitate the reactor. We dismantled 
the reactor, installed a new vessel and reassembled the 
structure, a major achievement in those days; and one 
that had never been done before, anywhere in the 
world. Our task was complicated by the high radi
ation fields, wide-spread radioactive contamination 
and by the fact that we were unprepared. 

By contrast in 1970, we shutdown NRX for vessel 
replacement as planned in August and the reactor 
resumed operation in late December. The decision to 
change the vessel was taken when twenty-eight of the 
vessel tubes had been removed from service following 
failure by corrosion. This time, spare components and 
procedures were ready and the radiation fields and 
contamination were lower and easier to control. Also, 
much of the 1952 experience was applicable. 

REASON FOR CHANGE 

source of helium escaping from the vessel through the 
corroded area in the tube wall, near the top. A repair 
procedure was developed involving the installation of 
mechanical plug seals at the top and bottom of the 
tube. After proving in a mock-up, the plugs were 
installed in the reactor as shown in Figure 1. Al
though this technique was successful in stopping the 
helium leak, it prevented further use of the position. 

Over the next several years we located and plugged 
many leaking tubes until in August 1970 we had 
twenty-eight tubes that were inoperable. While most 
of the tubes failed at the top resulting in a helium 
leak, some failed near the bottom producing a heavy 
water leak. With the tube failure rate increasing and 
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Figure 1 —NRX cross section showing method used to plug 
vessel tubes 

- 1 5 -



the reactor becoming more difficult to operate and 
provide the neutron flux requirements for the re
searchers, a decision was taken to shut down and 
change the vessel on 13 August, 1970. 

PREPARATION 

SPARE VESSEL 

Following rehabilitation of NRX after the accident 
in 1952, we ordered a spare reactor vessel; it was 
delivered to CRNL in 1955. 

By 1955, increasing use was being made of NRX as 
an engineering test facility for reactor fuels. This 
required the installation of high temperature and 
pressure test rigs or loops. The in-reactor portion of 
the loop, referred to as a pressure tube, was installed 
inside a normal vessel tube. Due to our concern that 
high loop temperatures might damage the vessel 
tubes, we decided to modify the spare vessel to 
eliminate the problem. 

Accordingly, modifications were prepared by the 
Plant Design Division for eleven tubes in the spare 
vessel. In the new design all eleven tubes were 
enlarged to allow irradiation of larger diameter fuel 
assemblies. Seven of them were equipped with con
centric tube extensions through the top shielding and 
a bellows to compensate for temperature changes. 
These modifications required removal of eleven tubes 
from the spare vessel and replacement with the larger 
tubes and extensions. The Maintenance & Construc
tion Division developed methods for carrying out 
these modifications and proved them in mockup 
before any work was done on the spare vessel. 
Modification of the actual vessel was carried out 
successfully by the machinists and millwrights in 
1963. 

SPARE UPPER THERMAL SHIELDS 
There are three thermal shields located above the 

reactor vessel in the structure. A spare for the lowest 
one, fabricated in aluminum, was provided in 1955 
since we knew from experience that the radiation 
fields from the existing one would be extremely high. 
This component was also modified in 1963 to agree 
with the changes made to the spare vessel. 

In addition, we ordered and received spares for the 
other two steel shields in 1963. These spares were 
fabricated of aluminum and incorporated modifi
cations for proper alignment with the modified spare 
vessel. 

PLANNING 
During the period the second vessel was in service 

in NRX, plans were continually being made for its 
replacement. 

The provision and modification of spare compo
nents formed a large part of this work. Procedures 
were developed for the dismantling and reassembly of 
the reactor structure. Time and manpower estimates 
were made of each activity and this information was 
compiled in a PERT diagram. The latter is essentially 
a schedule showing the interdependence of all events 
necessary for the entire job, indicating which acti
vities fall on the critical path. These latter activities 
must be finished on time to meet the project 
completion date. 

The planning for this project involved personnel 
from the Plant Design, Maintenance & Construction, 
General Services and Operations Divisions. That the 
job was completed in four months, ahead of schedule, 
attests to the excellent co-operation and attitude of 
all those who worked on the project. 

When NRX was shutdown in August 1970, we 
were well prepared to change the vessel and eager to 
get on with the job. The PERT schedule had 
undergone many revisions, the spare components 
were on hand and had been modified, procedures hadr 

been established and proven in trials and special 
equipment and material were ready. 

REACTOR UNLOADING 
During unloading most of the rod removals were 

carried out during the graveyard shift by Operations 
personnel. On the day and afternoon shifts the 
maintenance crews comprising millwrights, pipe
fitters, welders, electricians and instrument 
mechanics, prepared experimental facilities for 
removal. Working in this manner the reactor was 
completely unloaded in one week. 

As each reactor position was emptied the radiation 
from the open hole was reduced by the insertion of 
lead plugs in the shields both above and below the 
reactor vessel. This shielding was installed to increase 
the working time in the reactor cavity during subse
quent dismantling. 

DISMANTLING OF THE REACTOR 
After unloading, the mechanical maintenance 

forces were deployed on a three-shift, five-day work 
week. Each crew consisted of'one engineer, one 



foreman, one leadhand and three millwrights, one 
leadhand and five pipefitters and two welders. Electri
cians and instrument mechanics generally worked on 
days but when required, worked during the afternoon 
shift. 

The Radiation & Industrial Safety branch group 
consisted of eight radiation surveyors, one leadhand 
and five contamination monitors and fourteen de
contamination operators. This team was organized on 
a three-shift, five-day week also. 

The Operations group continued to work as 
normal on a three-shift, seven-day week. Of course, 
they worked hand in hand with the other forces 
providing crane operators and assisting with rigging 
crane loads. 

Before removing the revolving floor, the seal plugs 
were removed from the vessel tubes that had de
veloped leaks. Figure 2 is an artist's sketch of the 
NRX Reactor. 

Figure 2 - Artist's sketch of NRX Reactor 

Work proceeded on removal of the fuelling 
machine rails, the outer fixed floor and miscellaneous 
equipment and wiring in the upper header room. The 
complete inlet ring cooling water header was the last 
major piece of equipment removed from this room. 
Simultaneously, piping, wiring and equipment were 
removed from the lower header room. The outlet 
cooling water header risers were also removed to 
permit access to the heavy water lines from the 
bottom of the vessel. 

A record was kept of the destination and location 
of all equipment removed. Many articles were cleaned 

at the decontamination centre before being sent to 
areas for préfabrication or storage prior to reinsertion 
in the structure. 

Personnel of the Mechanical Services branch were 
responsible for removal of major components from 
the structure and later for their installation. The 
process operators provided assistance to all trades 
involved in the work. The trade unions and the 
process operator union agreed to co-operate before 
the job was started. This arrangement enabled us to 
make full use of the process operators on the job at a 
time when their normal duties had been considerably 
reduced. 

The master plate and the four biological shields 
were removed with ease and sent to be cleaned at the 
decontamination centre. Here, a temporary structure 
covered with plastic was erected to enclose these large 
components during cleaning and prevent the spread 
of contamination. 

Next, the cooling water piping to the upper 
thermal shields and the helium piping to the reactor 
vessel were removed. 

The two top thermal shields were easily removed 
and transferred to the disposal ground for burial. 
These components were not reused due to their high 
radioactivity and contamination. 

Initial attempts ,to raise the thermal shield directly 
above the reactor vessel were not successful. The 
shield wouldn't budge. It seemed to be corroded 
around its outer periphery. A pull of increasing 
magnitude was applied with the overhead crane and 
"Releasall" was used around the outer circumference 
where corrosion was evident. The shield would not 
move when the crane pull was increased to a safe 
maximum. A jack arrangement, with eight tons 
applied to each of four jacks did not free the shield. 
Finally, with simultaneous circulation of an anti
freeze mixture through the cooling water passages in 
the shield and with a load of ten tons applied to each 
jack, the shield broke free. Shortly after, with a 
considerable pull exerted by the crane, the shield was 
removed and sent to the disposal area for burial. 

The top of the vessel was now exposed. The 
helium and cooling water piping, connected to the 
top tube sheet, were removed by tradesmen working 
inside a lead box, suspended from the crane, to 
provide protective shielding or through ports in a 
large lead shielding floor. The vessel alignment 
brackets were also removed in this manner. Figure 3 
shows both the lead box and floor in use in the 
cavity. 
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Figure 3 — Lead box and floor in use in reactor cavity 

The reactor vessel was successfully removed from 
the cavity in a three hour operation on 10 September. 
After the lifting slings were attached remotely, the 
entire operation was viewed on TV screens and 
through periscopes from a vantage point behind the 
concrete storage block. The operation proceeded 
without a hitch, since it had been practised just a few 
hours before the actual removal. Figure 4 shows the 
vessel after removal from the cavity. The vessel was 
lowered onto the skid, the protective canvas shroud 
installed and the entire assembly towed to the burial 
ground by the grader. The grader operator was 
protected from radiation during this operation by a 
lead wall erected at the rear of the cab. The vessel was 
buried with sand the next day using a bulldozer. 

Now that the auxiliary stainless steel thermal 
shield directly below the vessel was exposed, advan
tage was taken of this to remove the debris that had 
collected on top of it over the years. This vacuum 
cleaning operation took a long time since the men 
had to work inside the lead box or through the lead 
floor. In addition, considerable time was spent 
cleaning the corrosion products from the exposed 
surfaces of the top outer thermal shields that are 
imbedded in concrete. 

Some difficulty was experienced removing the lead 
plugs from the lower auxiliary shield. Many were 
simply removed with the aid of a long handled hook; 
however others had to be pushed out of the tubes in 
the shield with extension rods manipulated from the 
lower header room. Then the plugs were grappled 
with long tongs from above. 

The radiation from this lower shield was so intense 
that during the lead plug removal and vacuum 
cleaning operations, portable periscopes were used for 
viewing since personnel could not look directly into 
the cavity. 

This high radiation field necessitated a change in 
the procedure. Originally it was planned to remove a 
portion of the graphite reflector to permit easy 
installation of the new vessel and to facilitate removal 
of the vessel lifting adaptor. Now it was considered 
preferable to delete these operations from the pro
cedure. Accordingly, minor changes were made to the 
lifting adaptor to permit remote disengagement in the 
cavity without the need for graphite removal. 

MODIFICATION OF COMPONENTS REMOVED 
The master plate, which supports the fuel rods in 

the reactor, was modified in Bldg. 204, the spent fuel 

fill* 

Figure 4 — Reactor vessel after removal from cavity 
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rod storage area. Eleven of the holes in this plate were 
enlarged to agree with the changes made to the tubes 
in the reactor vessel. 

Similarly, the same positions were modified in the 
four concrete biological shields, after these. com
ponents were cleaned in the decontamination centre. 

The top ring cooling water header was completely 
overhauled to make it ready for installation again. All 
header valves were removed, refurbished and re
installed taking care that the valves were aligned with 
the holes in the master plate. 

The lower cooling water headers were prefabri
cated in a clean area by tradesmen who had received 
considerable radiation exposure earlier during dis
mantling of the structure. Here again, care was taken 
to ensure proper alignment of these sections with the 
tubes in the lower thermal shields. During préfabri
cation, minor modifications were made to the con
nections for fuel monitoring instrumentation on these 
headers to facilitate future maintenance. 

ASSEMBLY OF REACTOR STRUCTURE 

The new reactor vessel was installed in the cavity 
on 28 September. To ensure proper orientation, the 
vessel was lowered into position over Sitka spruce 
guide poles installed in several lattice positions. Once 
installed the vessel was found to be too high on one 
side. It was removed and two small pieces of debris 
on the vessel support, causing the off level condition, 
were removed. After the second installation, the 
vessel was level. 

After removal of the lifting adaptor, the top 
alignment brackets were installed on the vessel to 
hold it securely in its correct position. 

Connections were made to the heavy water piping 
extending below the vessel in the lower header room. 
At this point, the vessel was subjected to a gas 
pressure test and found to be leak tight. 

Next the three new aluminum thermal shields were 
installed above the vessel and work was commenced 
on connecting the cooling water piping to these units 
and the vessel along with the helium piping. This job 
took somewhat longer than planned since it was 
essential that these welds, and there were 250 of 
them, were of good quality because the piping is 
inaccessible once the reactor structure is assembled. 
Some of the connections were in locations that made 
welding very difficult. AU welds were examined by 
radiography, inspected visually by borescope, and 
subjected to a water or helium pressure test. 

Once again, the vessel was found to be leak tight 
by a helium pressure test after all the connections at 
the top had been made. 

The four biological shields were installed easily. 
Borescopes were used to view the underside of the 
lowest shield to ensure that it did not foul any of the 
piping located above the top thermal shield. 

After installation of the master plate, work com
menced on welding the bellows to the extension 
tubes from the vessel in the seven loop positions. This 
welding was very difficult due to the narrow gap 
between the concentric aluminum tubes. Each instal
lation was subjected to a helium pressure test. Several 
leaks were found and the welding had to be redone. 
Eventually all these bellows welds were leak tight. 

The cooling water ring header was installed and 
connected to the high pressure water system. Care 
was taken to ensure that the bellows, on the tube 
extensions, were not damaged during installation of 
the header. 

MODIFICATIONS TO LOWER HEADER ROOM 

While work was proceeding with installation of 
components in the reactor cavity, alterations were 
being made in the lower header room. Here, a false 
aluminum grid floor was installed above a new steel 
underfloor to facilitate decontamination and lower 
the radiation fields during fuel rod changing. The 
piping from the loop positions was installed straight 
down to a point under the false floor where it 
changed direction to horizontal and was connected to 
the piping from the main loop frames in the shielded 
enclosures. Previously this piping had been installed 
horizontally through the working area in this room 
and it had hampered operations. The new arrange
ment was a major improvement. 

The prefabricated lower cooling water headers 
were installed and new instrument piping for moni
toring the fuel rods. 

RELOADING AND REACTOR STARTUP 

At this stage, the mechanical forces stopped 
working the graveyard shift and concentrated their 
efforts on the day and afternoon shifts. Electricians 
and instrument mechanics were busy installing wiring 
and instrumentation for the variox ,eperimental 
facilities. Generally all wiring and instrument lines in 
both the upper and lower header rooms were re
placed. This resulted in a vast improvement in the 
appearance of these areas. Figure 5 shows the upper 



header room as it was when the reactor was shutdown 
and Figure 6 shows the same area before startup. 

Figure 5 - Upper header room when reactor was shutdown 

The heavy water, that had been isolated in one of 
the storage tanks, was pumped back into the mo
derator system, recirculated and checked for down
grading. No degradation was observed. 

Loading of the reactor was carried out by process 
operators working primarily on the graveyard shift. 
This operation was completed on 21 December and 
the reactor went critical the same day. Since startup, 
the reactor has operated very well with an average 
overall operating efficiency of 80%. 

It was a credit to all who participated in the 
project that it was completed ahead of schedule. 
Throughout the job, all groups co-operated to the 
fullest extent even when work jurisdiction was rather 
loosely defined. 

At CRNL in the near future, we expect to embark 

Figure 6 — Upper header room prior to reactor startup 

on vessel replacement in the NRU reactor. The 
reactor shut down date is uncertain but will depend 
on when the heavy water is needed for startup of 
Ontario Hydro's Pickering III reactor. At present, we 
have just started a major modification to the spare 
vessel; installation of an enlarged throughtube. Other 
modifications are planned and methods and pro
cedures are currently under development. Like in 
NRX, we have extended the life of the NRU vessel by 
repairing three major heavy water leaks in the vessel 
sidewall. 

This will be the first time the NRU vessel has been 
changed. The job is expected to take 12 to 14 months 
to complete. In addition to work on the spare vessel, 
preparations that have been made include procedures 
for dismantling and reassembly of the reactor, fabri
cation and testing of special equipment, and a PERT 
schedule. It is a much more complicated project than 
that in NRX but if we enjoy the same spirit of 
co-operation that prevailed in NRX, I am confident 
we will accomplish this project on schedule too. 
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CRNL - A SAFE PLACE TO WORK 

by 

L.C. Watson 
Head, Radiation & Industrial Safety Branch 

OUR TARGET 

Our objectives in the safety program at CRNL are 
to provide a safe working environment in which all 
employees work without injury whilst conducting the 
Company's business in an efficient manner. Our 
business is to develop nuclear power and to do basic 
research and development. Jobs at CRNL include 
nearly all those that one would normally find in a 
complete industrial complex. 

OUR JOBS 

Our work force is comprised of research and 
development staff, the operators of the reactors and 
accelerators, and people who provide all the auxiliary 
support that a broad based research and development 
organization requires. Our principal tools are the 
reactors, the accelerators and the other major and 
minor laboratory equipment used by the research and 
development staff. Our secondary tools are all the 
items necessary for the support staff. I use the word 
secondary only in the sense that without the reactors 
much of the rest would be unnecessary. 

The breadth of our problems in the area of safety 
may be judged from the types of work we expect our 
forces to do. We build some of our own buildings. We 
operate machine shops in which everything from the 
finest, most delicate precision parts to very large 
construction members are built. In our laboratories 
we range from work done at the very low tempera
ture of liquid helium, to work done at very high 
temperatures in the development of fuels. Pressures 
may range from very high vacuum to very high 
pressure as required in testing components to failure. 
In the reactors themselves one may encounter all 
these conditions complicated in some respect or other 
by the presence of radiation. Radiation problems may 
also confront the researcher or development engineer 
in his laboratory. 

Our Rules 

Our radiation safety program is designed to 
satisfy the rules laid down in the Atomic Energy 
Control Act and Regulations, the recommendations 
of international bodies such as the International 
Commission on Radiological Protection, and the rules 
that our safety and medical advisors see fit to recom
mend for our use within CRNL. Our rules for safe 
practice in those areas where radiation is not present 
are drawn from the regulations under safety legis
lation promulgated by the Province of Ontario. Our 
adherence to these various requirements is such that 
we try to bend over backwards to ensure that we are 
always operating in a generally more safe condition 
than the rules require. 

OUR ORGANIZATION 

At CRNL we have a very comprehensive program 
to ensure that the rules are understood and are 
applied to our jobs. We have always recognized that it 
is the duty of management to provide a safe working 
environment and to ensure that all equipment is of 
the proper type and is kept in top notch condition. 
We have also recognized that it is essential for 
management to ensure that the work force is capable 
of performing all its functions in the safest manner 
practicable by ensuring that each employee is aware 
of his job and has been trained to do it. The 
responsibility for safe operation does not lie entirely 
with management by any means. It is essential that 
each employee understands his job and that he 
performs each of his functions in a safe, efficient 
manner. 

To help management meet its responsibilities we 
have a quite broadly based committee structure 
through which the experience and knowledge of 
experts can be applied to the problems that arise in 
the Company's operations. I don't intend to list these 
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in detail but will name them and describe very briefly 
their functions. 

The Nuclear Safety Advisory Committee (NSAC) 
reviews the major operating facilities and processes to 
ensure that no employee will suffer injury from 
radiation or from phsyical cause due to inadequacy in 
design, material or procedure. Responsible to the 
NSAC we have three major sub-committees. The 
Criticality Panel reviews all operations involving the 
use of fissile material to ensure that they are con
ducted with negligible risk from inadvertent criti
cality. The Waste Management Panel ensures that all 
our radioactive wastes and other noxious wastes are 
treated, stored and/or disposed of in such a way that 
the possibility of harm to the public is negligible, and 
also that those few materials that are dispersed to the 
environment are so dispersed having due regard for 
the legal requirements imposed by the appropriate 
authorities. The Accelerator Safety Committee 
reviews the design, construction and operation of all 
high voltage equipment capable of accelerating 
atomic particles. 

We have a Plant Safety Committee with members 
drawn from middle management. Its responsibility is 
to ensure that many of the operations which are not 
reviewed by one of the major committees that I have 
mentioned are subject to a periodic review. This 
committee also reviews accident and radiation 
exposure reports and adds its weight to the recom
mendations therein. 

In addition to the Committees we have several 
groups at the Laboratory whose functions are 
directed wholly or in part to the maintenance of a 
safe working environment, and to ensure that radi
ation exposures are measured and kept within 
acceptable limits. 

The Radiation and Industrial Safety Branch pro
vides a complete advisory service in radiation pro
tection and a complete systematic surveillance 
program to ensure that the working areas are either 
free of radiation problems or that they are well 
identified. The Branch also provides a complete 
decontamination service, one of the best and most 
complete respirator services in the world, protective 
clothing development and considerable assistance in 
toxic materials control. The Safety Engineer's 
position is in the Branch. 

The Health Physics Branch provides a complete 
service for measuring and maintaining records of the 
radiation dose for each employee from radiation 
sources external to the body. Each employee is 
provided with a dosimeter for this purpose. This 

Branch also develops instruments that are required 
for the specialized problems of radiation measure
ment. 

The Medical Division, besides providing clinic 
facilities, estimates the radiation dose received by 
employees from radioactive materials accidentally 
introduced into the body. These doses are included in 
the permanent record of exposure for each employee. 
There is close co-operation in the area of industrial 
hygiene between the Medical Division and the Radi
ation and Industrial Safety Branch. 

Many other groups at CRNL have responsibilities 
in areas directly or indirectly related to safety. These 
range from the provision of safe designs, through the 
routine housekeeping inspections so necessary to the 
maintenance of safe conditions, to the in-house 
laundering of clothing supplied by the Company for 
use in potentially contaminated areas. It suffices to 
say here that where there is a need it has been filled. 

OUR METHODS 

How do we ensure that our targets in safety are 
met? First of all, we acknowledge that the basis of a 
sound safety program must be found in a work force 
which is fully responsible for its own actions/This 
means that supervisors and those whom they 
supervise must recognize their mutual responsibilities, 
must understand their jobs and must take into 
account the need for safe operation in all their 
endeavours. 

There are many tasks in which specialized 
assistance is of great value. We have at CRNL the 
several special groups mentioned above whose 
function it is to provide assistance to management, 
supervisors and employees in the form of verification 
that working conditions in respect to radiation and 
contamination are generally well within the limits 
prescribed by law and by local rule. When for some 
reason these limits cannot be met they ensure that 
the employee and his supervisor are warned of the 
situation and that recommendations are made as to 
how to avoid problems. We have about a million 
dollars worth of instruments for detecting radiation 
of all kinds. They are located throughout the plant 
for the use of the specialists and others to ensure 
personnel safety. Process instrumentation is not 
included. 

Part of the specialist's function is to provide a 
fairly comprehensive training program. Each person 
who reports for duty at CRNL is given an induction 
talk by the Safety Engineer in which the basic 



problems likely to be encountered at CRNL are 
discussed. Since many of the employees in this 
category are newcomers to the work force this lecture 
also deals with some of the very commonplace 
problems such as lifting, foot wear, eye protection, 
ear protection and protective clothing. The lecture 
also covers the instructions that the Company has 
issued in the form of stated policy in the area of 
safety. These include some of the employee assistance 
programs that the Company provides to encourage 
the employee to acquire and use such things as safety 
boots and safety spectacles. It also includes infor
mation on the employee's rights under Workmen's 
Compensation legislations and the responsibilities he 
has in first of all avoiding accidents but also in 
reporting accidents should he be unfortunate enough 
to be injured. Each new employee is also given a full 
day's lecture by a radiation protection instructor to 
ensure that he is fully aware of the problems that 
radiation adds to the working environment. This 
lecture also tends to remove some of the uncertainty 
in the minds of some employees who may have been 
subjected to various "old wives' tales" regarding the 
effects of radiation on people. Those people whose 
work is actually closely involved with radioactive 
materials are given an additional half day of instruc
tion to ensure that they are well aware of the 
techniques available to them for avoiding excessive 
radiation exposure. These lectures are supplemented 
by instructions from supervision and by continuing 
contact in the field with members of a group of 
employees whose full-time job it is to provide 
detailed advice and recommendations on radiation 
protection. 

These training lectures are repeated at intervals to 
those employees whose supervisors deem it necessary 
and are amplified or varied to meet the needs of other 
employees. For instance we put great emphasis on the 
proper use of respiratory protection to avoid inhaling 
both radioactive materials and those which are 
perhaps more common in the industrial world, 
namely toxic vapors or dust. We have one of the best 
respirator service sections in the world. Part of the 
service provided by this group is to ensure that the 
employee who may in the course of his duties have 
cause to wear a respirator is experienced in putting it 
on properly and is aware of its limitations. 

It is a fact of industrial life that no employer has 
yet been able to ensure accident free operation and 
that no group of employees has been able to achieve 
accident free operation. We are not any different at 
CRNL. When one of our employees is unfortunate 
enough to be injured or to be exposed to radiation to 

. an extent above our local ground rules we conduct an 
investigation and produce a report. These documents 
are intended to serve as information for supervisors 
and employees to inform them fully of the condition 
or situation that gave rise to the problem. The 
recommendations are intended to ensure to the best 
of our ability that a similar accident will not occur 
again. We encourage very strongly the use of the 
departmental safety committee as a forum for dis
cussion of documents of this type and others that 
might come from the experience of related industries. 
The employee is encouraged strongly to discuss 
pressing problems with his. supervisor at the first 
detection and that line of communication is expected 
to be an immediate two-way street. For those matters 
which are less urgent the route of discussion at safety 
meetings is encouraged. 

OUR RESULTS 

And what are the results of all our efforts? We are 
proud of them. 

We have not had an injury due to radiation that 
has resulted in an employee losing time from the job. 
In fact we have had only four injuries that we have 
classified as detectable. These have involved finger 
burns received during handling or operation of equip
ment or material which was emitting intense radi
ation. In one case a man accidently picked up a very 
radioactive object. In another case a man had a very 
small radioactive particle lodged for several months 
on the strap of his wrist watch. In the other two cases 
very small burns occured when two employees got 
single fingers in the beam from a small X-ray 
machine. We have never had a criticality accident at 
CRNL. 

Two employees have been killed since the labora
tory began operation. One died as a consequence of a 
chemical explosion in an evaporator. Radioactive 
material was present but was not a contributing 
factor. The second died in a fall. 

Our record of industrial accidents may be judged 
from the fact that over the last 15 years our accident 
frequency has averaged 2.5 lost time injuries per 
million man-hours worked. Over the 15 year period 
we averaged one lost time injury per month ranging 
between a high of 17 per year and a low of four. 
Comparison with identical industries is virtually 
impossible. However, our fifteen year history of 
accidents is shown on Figure 1 in which are shown 
for comparison the National Safety Council statistics 
for Group 1, Division 2 as categorized by them. This 
group is comprised of light chemical industries, re-



search establishments, some USAEC plants, etc., that 
are generally comparable to CRNL in type of 
operation. 

FIG. I 
FREQUENCY OF TEMPORARILY 
DISABLING INJURIES C. R.N. L. 

P I 

Y E A R 

The results of our radiation safety program may 
be judged by the fact that the average exposure for 
those CRNL employees whose dosimeters recorded 
any radiation exposure during the year was 960 

mrem. In order to better understand this number one 
should recognize that every person living in this part 
of Canada receives in the order of 100—200 mrem/ 
year as a consequence of natural background 
radiation. The maximum radiation permitted a 
member of the general public under the Atomic 
Energy Control Regulations is 500 mrem/year. The 
maximum radiation permitted a person who works in 
the Atomic Energy industry is 5000 mrem/year with 
certain provisions for acceptance of rather higher 
exposures when these are classified as accidental. 
Only one employee exceeded the maximum exposure 
in 1971. His exposure was somewhat less than twice 
the permitted 5000 mrem and was received in circum
stances considered to be accidental. 

We are proud of our record. We believe that 
CRNL is as safe a place to work as any Canadian 
industry. The problems of working safely with radi
ation represent only a difficulty superimposed on the 
usual problems of ensuring a safe operation in the 
context of today's world where almost everything we 
do puts us at some risk or other. 
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ENGINEERING SUPPORT FOR POWER 
REACTORS 

by 

A.E. Hart 
Director, Special Projects Division 

The purpose of this presentation is to show the 
on-site and inter-site involvement of Chalk River 
personnel in engineering support activities for our 
Canadian nuclear power reactors. However, to place 
these examples in their proper context it is empha
sized that the information presented is limited by 
time and can only give a narrow view of a much 
broader picture. The Whiteshell Nuclear Research 
Establishment in Manitoba and the Chalk River 
Nuclear Laboratories are Research and Development 
oriented. Therefore, they both have a broad spectrum 
of specialist staff that can be called upon to support 
our power reactors as the needs arise. 

It is also emphasized that Power Projects at 
Sheridan Park is responsible for the design and 
project engineering of the nuclear portion of the 
power plants. They also have a large development 
laboratory but it is kept very busy with testing 
prototype and production equipment. 

The Canadian based reactors for which we provide 
engineering support are as follows: 

— the AECL owned 20 MWe Nuclear Power Demon
stration reactor at Rolphton, Ontario, which has 
been in operation since 1962. 

— the AECL owned 200 MWe Douglas Point station 
which began operation in 1967, 

— the AECL owned 250 MWe Gentilly power station 
in the province of Quebec which began operation 
in November 1970, 

— the Ontario Hydro Pickering four unit station, 
each with a capacity of 500 MWe, where: 

Unit 1 began operation in April 1971 

Unit 2 began operation in October 1971 

Unit 3 began operation in the latter part of 
April 1972 

Unit 4 is scheduled to begin operation in 
February 1973, 

and 

— the "Ontario Hydro" four unit Bruce station, each 
with a capacity of 750 MWe, which is in the early 
stages of construction. 

Support work by Chalk River for the power 
reactors is being provided in the following areas: fuel 
inspection, reactor physics, activity transport, 
chemical control, data handling computer programs, 
radiation surveys, heavy water management, mecha
nical and metallurgical investigations of malfunc
tioning equipment, mechanical equipment improve
ment and, heavy water upgrading. Of these, selected 
items from the last two only, will be covered. 

Operation of NPD and Douglas Point showed that 
mechanical joints, pipe flanges and valves, normally 
used in high pressure high temperature systems, were 
not adequate for use on heavy water systems. With 
heavy water costs at $30 per pound, considerable 
emphasis was placed on reducing leakage. On valves 
the leakage occurs at the packing glands, and at the 
body-to-bonnet joint. 

Development work on valve stem sealing is being 
done by Special Projects Division which is comprized 
of 31 engineers, 29 development technicians and a 
secretarial staff of three. Nearly all of this division's 
work is mechanical engineering development in 
support of the power reactors. 

To facilitate this work we have the development 
technician work area and a small machine shop 
adjacent to the testing area. The machine shop and 
machinists are under the jurisdiction of the main 
machine shop supervisory staff. 

Now we will turn our attention to valves. Figure 1 
shows the cross-section of a packed stem valve. It is 
leakage between the stem and packing that we wish 
to reduce to as low a value as possible. Quite a 
number of valve stem test rigs, as shown in Figure 2, 
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Figure 1 — Standard Globe Valve 
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Figure 2 — Stem Packing Leakage Test Rig 

Figure 3 — Live Loaded Stem Packing Leakage Test Rig 

were built to test various packing materials, stem 
materials, finishes and dimensions, under temperature 
and pressure cycling conditions. The performance 
soon indicated that simple bolted gland followers 
were not adequate because of packing shrinkage. It 
was also found that packing pressures of 8,000 to 
10,000 psi were required to prevent progressive 
leakage and packing washout. 

The next stage was to place heavy springs in the 
form of Belleville washers on the gland follower bolts 
to maintain the pressure as the packing shrinkage 
occurred. This arrangement is shown in Figure 3, and 
it is referred to as "live loading". 

Figure 4 shows several large "live load" valve stem 
test rigs. To produce each of these test rigs, numerous 
other personnel were involved. Design and drafting 
produced the drawings, the machine shops manu
factured the rig components. Then, the millwrights, 
pipefitters, welders and electricians installed the rigs. 
Finally, our development technicians and engineers 
commission and operate the rigs. 

In the high pressure high temperature systems, 
both isolation valves and control valves are required. 
On isolation valves the number of actuations is 
relatively low. With the technology that we have 
developed, proper packing selection, adequate live 
loading pressure and good workmanship will ensure 
long life with very low leakage rates. 

Figures 5 and 6 show a 14 inch isolation valve for 
a Pickering reactor before and after modification. The 
live loading can be seen at the top of the bonnet. 
There are 40 such valves in each Pickering unit. 
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Figure 5 — Pickering Isolation Valve 

Figure 6 — Pickering Isolation Valve with Live Loading 

Control valves for the same service are much more 
demanding. Packings must be softer, and the stems 
must be more wear resistant. The packings, which are 
subjected to much more stem travel, do wear to some 
degree, and therefore should be quickly replaceable. 

On a maintenance shutdown at one reactor site, 
valve repacking averaged 20 manhours per valve. The 
cost of shutting down one Pickering unit for 20 hours 
is $40,000, therefore better methods of removal had 
to be achieved. 

We have developed a unitized packing assembly for 
use on control valves. This is shown in Figure 7. The 
whole assembly lifts out when packing replacement is 
required and a spare assembly can be installed 
immediately. This type of assembly has been manu
factured at Chalk River and installed by Chalk River 
personnel on all the high temperature high pressure 
control valves at Douglas Point, Pickering I and II, 
and Gentilly. Figure 8 shows a Pickering control valve 
after modification. Pickering I control valves were the 
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first to be modified. They have been in service for 
just over a year without servicing and without 
leakage. Prior to modification, similar valves at 
Douglas Point developed gross leaks and required 
servicing every two to three months. 

In cases of engineering support-action such as this, 
it has been very beneficial for the reactor sites to be 
able to utilize the large shops, the development 
expertise, and the highly qualified personnel of the 
Chalk River establishment. Similarly, it has been very 
satisfying for Chalk River personnel to follow 
through to the in-service application and know that 
it's a job well done. It is important that such 
flexibility be maintained so that Canada's reactors 
can achieve the best possible performance. 

Figure 7 - Control Valve Unitized Packing Assembly 

Figure 8 — Pickering Control Valve After Modification 

Now we will turn our attention to heavy water. 
You have undoubtedly read about AECL's heavy 
water production program which involves the heavy 
water production plants at Port Hawkesbury, Glace 
Bay and Bruce. There is another area which has not 
been under the public's eye, but it is vital to our 
power reactor program. This is the upgrading of 
heavy water that has become downgraded during use 
due to mixing with ordinary water in the reactors. 
Chalk River has an electrolytic plant that has pro
vided heavy water upgrading service for the power 
reactors for a number of years. 

The upgrading process due to electrolysis is shown 
in Figure 9. It occurs when an electric current is 
passed through a water-potassium hydroxide solution. 
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Figure 9 — Electrolysis 

The electric current decomposes a portion of the 
water into hydrogen and oxygen gas. The ordinary 
water molecules decompose more easily than the 
heavy water molecules, therefore the water remaining 
in the cell has a higher percentage of heavy water, and 
that drawn off as gases and recombined by burning to 
form water again, is lower in heavy water content. 

The electrolytic plant has undergone a series of 
capacity increases as the Chalk River personnel 
developed better technology, and also as the increase 
in the number of reactors made larger throughput 
capacity necessary. Plant capacity can be measured 
by the electrical current passing through the electro
lytic cells. Figure 10 shows the relative capacities of 
the Chalk River electrolytic plant from 1953 to the 
present time. Note the tenfold increase in cell current 
rating. Chalk River development led to cell redesign, 
and electrical connection redesign to permit the large 
amperages to be carried. 

Figure 11 shows one of the Chalk River electro
lytic cells in cross-section with the large electrical 
connections at the top. The design provides a large 
surface area on both the inside and outside of the 
anode, with only a small gap for the electrolyte 
between it and the cathode to facilitate the flow of 
the large electrical current. 

At the present time there are seven electrolytic 
units. Five of these have 18 cells each connected in 
parallel. The other two units have twelve cells each, 
which, of course, totals to 90 cells. 

The rework of this plant has been carried out by 
site forces and I believe it has involved all the trades 
that are available in Chalk River. Tlie new electrolytic 
plant building shown in Figure 12 was constructed 

early in 1967. Relocation of the more modern part of 
the process equipment followed and the subsequent 
increases in plant capacity noted earlier made a two 
bay extension to the building necessary. 

Cell 
Year No. of Cells Amperes Total Amperes 

1953 4 1, 000 4,000 
1961 4 2,500 10,000 
1963 8 2, 500 20,000 
1967 24 2, 500 60,000 
1967 24 (mod.) 5,000 120,000 
1968 24 (mod.) 

+ 24 
5,000 
7,000 288,000 

1969 as in 1967 
+ 12 5,000 360,000 12 10,000 360,000 

19 7 0 24 
90 

7,000 
10,000 1,068,000 

Figure 10 — CRNL Electrolytic Plant Capacity 

Figure 13 is a simplified flow diagram of an 
electrolytic unit. The system operates in the fol
lowing manner: 

A batch quantity of clean downgraded water is 
supplied through the feed make-up tank to the 
surge tank where it mixes with a water/electrolyte 
solution from the previous batch to form a 20% 
electrolyte solution. The mixture is pumped 
through a cooler to the electrolytic cells. The high 
current in the cells partially decomposes the water 
to hydrogen, deuterium and oxygen gases. The 
water/electrolyte/gas mixture then passes to the 
separator where the gases are removed and fed 
through a cooler and demister to the burner. The 
water and electrolyte are passed through the surge 
tank to the rising film evaporator. Some of the 
water is vapourized, condensed, cooled and re
turned to the system through the feed circulating 
tank. The remaining water and electrolyte is 
returned to the surge tank for recycling. The water 
lost to the system as gas through the burner may 
be replaced periodically by fresh make-up water 
from the feed make-up tank. 

The water resulting from gas recombination in the 
burner is collected in a tank, and pumped inter
mittently to a storage tank. 

When the water condensed from the evaporator 
has reached reactor grade (99.75% D 2 0) , it is sent 
through the transport system to a final product 
storage tank. 



Figure 12 - Building 210 - Electrolytic Plant Figure 14 - Modelof Electrolytic Unit 



Figure 14 shows a model of the most modern 
electrolytic unit. It was constructed by Plant Design 
to assist in plant layout. The bank of eighteen 
electrolytic cells are on the right. 

These plant changes have required a large amount 
• >i wmk In plain l n k L \ Ihc iii'»dilkjinui>. d iiinu ilio 

Figure 15 — Shopwelding of Electrolytic Cell 

Figure 16 — Completed Cells in Shop 

and have kept many of our trades people very busy. 
Figures 15 to 18 show equipment during fabrication 
in our main shop. 

Figure 17 — Partially completed process tanks 

Figure 18 — Feed Circulation Tanks 
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The building and process system layout are shown 
in Figure 19. Note that in addition to the electrolytic 
units there is a cleanup section and also final 
purification units. The incoming heavy water passes 
through the cleanup section to remove contaminants 
such as oil, dirt and unwanted chemicals before being 
fed to the electrolytic cells. The final purification 
units remove the process chemicals from the up
graded heavy water. 

To assist in orientation for the tour, the following 
are interior views of the plant. Figure 20 shows the 
cleanup section which will be to your right as you 
enter. Figure 21 shows number one final purificaiton 
unit which will be directly in front of you and Figure 
22 shows the main operating hallway which will be 
on your left. The output ends of the seven upgrading 
units are adjacent to this hallway. 
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RECTIFIER ti 
RECTIFIER 

#5 

FINAL PURIFICATION 
UNIT #2 
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#7 
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Figure 20 - D 2 0 Cleanup section 

Figure 19 — Building and process system layout Figure 21 — No. 1 Final Purification Unit 
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This is a well-organized, well-constructed plant. A 
large and important support-action is being accom
plished in a very moderate amount of space. It is a 
credit to all the Chalk River personnel involved. I am 
certain that after seeing it and noting the smooth 
efficiency with which it is run, you will agree. 

Figure 22 - General View of Electrolytic Units 

- 3 3 -





ATOMIC ENERGY, PUBLIC SAFETY AND ENVIRONMENTAL PROTECTION 

by 

I.L. Ophel 
Biology and Health Physics Division 

INTRODUCTION 

The chief impression that a nuclear power station 
makes, in comparison with a coal or oil-fired station, 
is one of cleanliness. [FIGURE 1]. First impressions, 
in this case, are accurate because the neat and clean 
appearance is the result of the design of the reactor 
and associated structures. The designers were aware 
of the environmental impact of the installation and 
the potential biological hazard of the radioactive 
materials contained within. It is this awareness that 
led to early and extensive studies of the effects of 
radioactivity and has resulted in the nuclear industry 
being a leader in the field of safety. In fact, it has 
been suggested that other industries should model 
themselves on the nuclear industry and adopt its 
philosophy and techniques to prevent pollution of 
the environment. 

Figure 1 - Clean Power . . . . NPD Generating Station 

Containment of radioactive materials is a guiding 
principle of the nuclear designer. This makes sense 
not only from a safety point of view but also because 
the economics of the process requires that large 
amounts of valuable materials like heavy water are 

not spilled or lost. Of course, the major fraction of 
the radioactive by-products (radionuclides) remain 
within the irradiated uranium oxide fuel. This fuel, 
still encased in its protective sheath of zirconium 
alloy, can be kept safely for long periods of time until 
permanent methods of storage are developed. 

Any radionuclides escaping from the fuel or 
produced in the coolant by neutron bombardment 
are removed by clean-up systems. Only extremely 
small amounts, of radionuclides are released to the 
environment. There they join natural or "back
ground" radionuclides which are already present in 
the air, water and soil. 

DOSE RATES FROM NATURAL RADIOACTIV ITY 

Source Dose mrad 

External Irradiation 

Cosmic rays 28.7 
Terrestrial radiation 50 

internal Radiation 
4 0 K 20 
other radionuclides 1.6 

TOTAL 100 

Figure 2 — Sources and Amounts of Background Radiation 

NATURAL RADIOACTIVITY AND BACK
GROUND DOSES 

Living things have always received background 
radiation from a variety of sources in the environ
ment and from within their own bodies. [FIGURE 
2]. The average background dose to people is about 



100 millirems per year although there are great 
differences in various parts of the world. For 
example, there are quite large populations living in 
areas where the background radiation is five to ten 
times the average value. No apparent ill-effects have 
been seen in these people. 

PERMISSIBLE DOSES 

Knowing the range of doses people are naturally 
exposed to helps to put the maximum permissible 
doses of man-made radiation to the population into 
perspective. An independent committee of scientists 
called the International Commission on Radiological 
Protection (ICRP) is the most influential body in 
setting permissible doses. Its recommendations have 
been adopted by most countries including Canada, 
where the Atomic Energy Control Board is the 
regulatory body. [FIGURE 3]. 

MAX. PERMISSIBLE DOSE 

REM/YR 

Figure 3 — Dose Limits to Member of Public 

The relevant figure for our purposes is 500 
millirems per year to individual people. This limit lies 
within the world-wide range of exposures from 
natural radioactivity. 

It is not claimed that recommended doses are 
absolutely safe. Because of the lack of complete 
information on the effects of very small amounts of 
radiation it is prudent to assume that even the 
smallest dose will have some harmful effect on the 
person or population. So the limits are set at such a 
low level that the risks of injury in the future are 
small - well within the risks of everyday life — but 
high enough that the benefits of an orderly develop
ment of a nuclear power industry can be enjoyed by 
all. The recommended doses are not static; they are 
reviewed periodically and revised according to 
changing conditions and in the light of new ideas or 

research findings. 

Because the question of low-dose effects is such an 
important one this is a major research field of 
radiobiologists at Chalk River Nuclear Laboratories. 
The small effects that might be expected mean that 
thousands of individual animals must be raised and 
examined carefully. Rats, fish and insects have been 
used in this work. 

B IOLOGICAL CONCENTRATION AND 
ENVIRONMENTAL PATHWAYS 

To enable the owners of nuclear facilities to 
conform to regulations the permissible doses to the 
public must be translated into amounts of radio
nuclides. The ICRP lists maximum permissible 
concentrations (MPC) for individual radionuclides in 
air and water. These MPC's are based on the amounts 
of water consumed and the air breathed by an adult 
male ("standard man") and the subsequent retention 
of the radionuclides within the body. 

However, MPC's cannot be applied directly to the 
effluents of nuclear reactors because of the dispersion 
of the radionuclides in the environment and bio
logical concentrating mechanisms in plants and 
animals used for food. [FIGURE 4] . Consequently, 
radionuclides reaching people via food chains may be 
ingested in amounts that could be considerably more, 
or perhaps less, than the amounts that would be 
taken in with just drinking-water and inhaled air. 
Furthermore, women and children in the population 
do not, of course, conform with the eating, drinking 
and breathing habits of the model ICRP standard 
man. 

RADIOACTIVITY IN FOOD-CHAIN OF MAN 

RELEASED AT LESS THAN 

Figure 4 — Possible Environmental Pathways of Radionuclides 



It can be seen that detailed knowledge of the 
mechanisms which cause dispersion in the environ
ment and of radionuclide transfer through food 
chains is needed to make the translation from 
radiation dose to amounts of radionuclides dis
charged. For this reason the Environmental Research 
Branch here at CRNL devotes a considerable part of 
its research effort to a study of the dispersion of trace 
materials in air and water, to biological concentration 
factors and critical food chains. [FIGURE 5]. 

Figure 5 — Research on Aquatic Food Chains. 

ENVIRONMENTAL MONITORING 

In order to ensure that the discharged radio
nuclides do behave as expected and that people are 
not overexposed to radiation it is necessary to 
monitor certain critical parts of the environment for 
radioactivity. This is done (for example) by measu
ring radioactivity in drinking water from those 
supplies near to the nuclear installation; by examining 
edible fish that live in the vicinity and by continuous 
measurements of radiation levels at the boundary 
fence and other parts of the public domain. 
[FIGURE 6]. 

In Ontario, environmental monitoring of public 
areas is the joint responsibility of Canada Department 
of National Health and Welfare, Ontario Department 
of Health and the Ontario Water Resources Commis
sion (now Ministry of Environment). The OWRC 
collects the samples and the other two bodies share 
the work of analyzing them for radionuclides. All 
results are reported by the DNHW in a periodical 
publication entitled "Radiation Surveillance 
Quarterly". 

Figure 6 - Environmental Monitoring Station. 

EXPOSURE OF PUBLIC FROM REACTOR 
RELEASES 

Using the information from these monitoring 
programs and from measurements made by AECL 
and Ontario Hydro, we find that amounts of radio
nuclides in the environment from reactor operations 
are hardly distinguishable above background levels. 
So, in most cases we cannot assess population dose 
directly and must resort to calculating upper limits 
from the known releases. 

In the vicinity of CRNL the only environmental 
pathway of significance is regular consumption of 
drinking water. Calculations show the maximum 
exposure of a person downstream would be less than 
one per cent of the dose limit. Measurements of 
radioactivity in the Ottawa River above and below 
CRNL show that most of this one per cent is due to 
fallout from bomb tests. 

At Douglas Point generating station the only 
environmental pathways of any possible importance 
to the public are exposure from stack gases at the 
plant boundary and the eating of fish caught near the 
effluent pipeline. [FIGURES 7 AND 8]. It has been 
estimated (1) that if all the sources of possible 
maximum exposure at Douglas Point combined to 
focus on a single individual the total dose to the 
whole body would still be less than six per cent of the 
dose limit. Experience at Douglas Point has suggested 
a number of design improvements that have been 
incorporated into Pickering and future stations to 
reduce further the already small doses received by the 
public. 
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Figure 7 - Environmental Pathways at Douglas Point. Figure 8 — Environmental Pathways at Douglas Point. 

THE FUTURE 
Looking ahead to the future the environmental 

research staff within AECL are already planning work 
to help solve problems that may arise with the 
continued expansion of the nuclear industry. One of 
these is making sure that people and the environment 
are adequately protected in areas such as the Great 
Lakes region where large numbers of reactors may be 
built. Our staff are discussing such questions as the 
allowable concentrations of radionuclides in Great 
Lakes waters with Department of the Environment, 
the Atomic Energy Control Board as well as other 
interested agencies and considering what research 
might be needed. 

Processing of irradiated uranium to recover pluto
nium is a possibility in Canada some time in the 
future. The greatly increased amounts of fission 
products that would need to be handled and con
tained are an important consideration. 

Waste heat is produced by all types of power 
stations and is often mentioned as a future problem 
when populations and power demands are greater. In 
Canada and other countries with cold climates this 
waste heat could be put to useful purposes. Research 
programs studying the utilization and effects of this 
waste heat are being planned. 

REFERENCES 
(1) Nuclear P o w e r and the E n v i r o n m e n t by A.M. 

Marko, P.J. Barry, R. Wilson, K. Wong, P.O. 
Perron and J.L. Weeks. Paper presented at the 
Fourth U.N. International Conference on the 
Peaceful Uses of Atomic Energy. 1971. 
AECL-3983. 



HEAVY WATER -
THE FLUID DRIVE FOR CANADA'S POWER REACTORS 

by 

H.K. Rae 
Head, Chemical Engineering Branch 

WHAT IS HEAVY WATER? 

Ordinary water consists of two atoms of hydrogen 
combined with one of oxygen, and is designated 
H 2 0. Each hydrogen atom consists of a proton and 
an electron. An isotope of hydrogen, called deu
terium, also exists — it consists of a proton, a neutron 
and an electron. It weighs twice as much as hydrogen, 
but is chemically similar. Two atoms of deuterium 
combined with an oxygen atom comprise heavy 
water, D 2 0. Since the atomic weights of H, D and 0 
are 1, 2 and 16, D 2 0 is ten percent heavier than H 2 0. 
While H 2 0 freezes at 32°F, D 2 0 freezes at 39°F. 

Although ordinary and heavy water are similar in 
physical and chemical properties, they are vastly 
different in nuclear properties. It is these differences 
that make heavy water such a superior reactor mo
derator. 

WHY USE HEAVY WATER? 

Just as an automobile uses a fluid drive system to 
convert torque at the high speed of the engine to 
torque at a low speed to drive the wheels, a reactor 
requires a moderator to convert the high-speed 
neutrons liberated during fission to low-speed 
neutrons which can effectively cause further fissions 
and so drive the nuclear chain reaction. To achieve 
this conversion without loss of energy requires a 
"frictionless" moderator. Heavy water comes nearest 
to this ideal — it is efficient in slowing down neutrons 
and hardly captures any of them. Ordinary water is 
also good at slowing down neutrons but it captures a 
considerable number of them. To use ordinary water 
as the moderator, the reactor fuel must contain a 
much higher concentration of fissionable material 
than when heavy water is used. 

Thus, nature has provided two basic approaches to 
successful reactor design: 

— natural uranium and heavy water 

— uranium enriched in its fissionable component, 
U-235, and ordinary water. 

Canada has chosen the former because this approach 
provides: 

— the lowest fuelling cost, 0.6 mill/kWh 

— more kWh of electricity per ton of uranium ore 

— freedom from dependence on American U-235 
enrichment facilities 

— cheaper power for public utilities 

— a sophisticated new Canadian industry with good 
prospects for foreign sales. 

The CANDU reactor design features separate 
moderator and coolant systems. The coolant absorbs 
the energy produced in the uranium fuel by fission, 
and transfers this heat to a boiler where steam is 
raised to generate power. Although there are several 
attractive coolant materials, heavy water is the best at 
present. Thus, in its role as coolant the heavy water is 
also the driving fluid of the reactor. 

As both moderator and coolant, the heavy water 
remains in the reactor throughout its life. It is not 
consumed. A very small quantity leaks out, and most 
of this leakage is recovered. One of the great successes 
of the Pickering Generating Station has been to 
demonstrate low heavy water losses — no more than a 
few tenths of a pound per hour. 

HOW MUCH HEAVY WATER? 

A large power reactor such as one of the four 
Pickering units requires about 500 tons of heavy 
water, about one ton per each megawatt (1000 
kilowatts) of power. Over the next four years nearly 
3000 tons of heavy water will be needed for the 
Bruce Generating Station. By 1985 it is estimated 
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that a total of 20,000 tons may be needed for 
Canadian reactors. 

WHAT IS THE SOURCE OF HEAVY WATER? 

All materials in nature that contain hydrogen also 
contain deuterium. The ratio of atoms of hydrogen to 
atoms of deuterium varies from 6000 to 10,000. 
Thus, potential sources of deuterium are water, 
natural gas, petroleum or industrial hydrogen. Pro
duction of heavy water involves separating the 
deuterium-containing molecules from the hydrogen-
containing ones, and if the feed is not water then 
burning the deuterium-rich fraction to make D 2 0. 

The major source is water. In Canada the D 2 0 
contents of fresh waters vary from 130 to 150 ppm 
while that in the ocean is 157 ppm. Figure 1 illus
trates these variations which are produced by dif
ferences in the rates of evaporation and condensation 
ofH 2Oand D 2 0. 

Figure 1 — Heavy water concentration in Canadian 
waters expressed as molecules of D 2 O per 
million molecules of H 2 0 measured in 
coastal sea water, surface waters and 
precipitation. 

HOW IS HEAVY WATER MADE? 

The separation of heavy water from ordinary 
water is achieved by the GS process. This stands for 
Girdler-Sulfide; Girdler was the engineering company 
who designed the first American plant and the 
process uses hydrogen sulfide. 

F i g u r e 2 — Simplified G.S. Process. 

Figure 2 is a simple representation of the process. 
Water flows through very large towers in parallel, and 
then to waste. Hydrogen sulfide flows counter cur
rently in each tower. The top region of the tower is 
cold, the bottom hot and this temperature difference 
sets up a D 2 O concentration gradient — it rises from 
the feed concentration to a high value in the middle 
and then drops to a value in the waste less than the 
feed. Small streams of D 2 O-rich water are extracted 
from the middle of each tower and feed a water 
distillation unit where reactor-grade D 2 O is produced. 
In practice the water-hydrogen sulphide section of 
the plant requires several stages in series to reach the 
D 2 0 concentration appropriate for going to water 
distillation. 

The Port Hawkesbury Heavy Water Plant has three 
parallel first stage towers, each 28 feet in diameter 
and 280 feet high. Each is fed with 2000 gallons of 
water per minute and the combined production of 
heavy water is 10 gallons per hour. Thus, the plant 
handles very large gas and liquid flows and is costly to 
build. However, it is very much cheaper than the 
separation plants required to enrich uranium. As well 
as the towers there are extensive banks of heat 
exchangers to alter the temperature of the water and 
gas flowing between the hot and cold regions of the 
towers. 

Figure 3 is a photograph of the Port Hawkesbury 
plant. It shows the flare stack on the left, then the 
three large first stage towers, a shorter second stage 
tower, two smaller third stage towers and finally an 
elevator shaft on the right for access to cross-walks. 
Banks of heat exchangers are located in front of the 
towers. 
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F i g u r e 3 - T o w e r s and Heat Exchangers o f the Port 
H a w k e s b u r y H e a v y Water Plant, Canadian 
General Electr ic C o m p a n y L i m i t e d . 

F i g u r e 4 - V i e w o f towers and process equipment at 
the Bruce H e a v y Water Plant. 
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F i g u r e 5 — Conceptual diagram o f sieve t r a y . 

T h i s unit has a design capacity o f 400 tons o f 
h e a v y water per year and began p r o d u c t i o n last year. 
T w o similar units comprise the Bruce H e a v y Water 
Plant, F i g u r e 4, w i t h a capacity o f 800 tons per year. 
I t is expected t o begin p r o d u c t i o n this year. T h u s , the 
current shortage o f heavy water is o n l y t e m p o r a r y 
and w i l l be alleviated once these n e w plants are at f u l l 
capacity. T h e shortage arose because the Glace B a y 
H e a v y Water Plant failed t o produce after it was 
started up i n 1968. T h e rehabilitation o f this plant 
has n o w been made the responsibility o f A E C L and it 
should start p r o d u c t i o n i n 1974; it w i l l have a 
capacity o f 450 tons per year. 

T h e heart o f the process is the concentrat ion o f 
the heavy water w i t h i n the towers. T o achieve this 
the h y d r o g e n sulfide gas and the water are int imately 
m i x e d and t h e n separated 130 times w i t h i n each first 
stage t o w e r . T h e m i x i n g occurs o n sieve t rays, s h o w n 
conceptually in F igure 5. Gas f lows t h r o u g h a large 
number o f holes i n the t r a y at a speed sufficient t o 
prevent water weeping through. T h e gas breaks u p 
i n t o bubbles to f o r m a f r o t h y m i x t u r e o n the t ray , 
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and t h e n the bubbles break and the gas rises to the 
t r a y above, a distance o f 18 inches. T h e water enters 
the t r a y at one side and f l o w s across to the other, 
over a wier and drops t h r o u g h a t r o u g h to the t r a y 
below w h e r e the f l o w is reversed. F igure 6 is a 
photograph o f a pair o f 28-foot diameter sieve trays 
assembled as a p r o t o t y p e i n the shop. I n this case 
water f lows f r o m b o t h sides t o the middle o n the top 
t r a y and t h e n f r o m the middle out to the sides o n the 
next t r a y t o reduce the hydraul ic gradient o n each 
t r a y . T h e 130 trays i n each t o w e r w i t h their 
supporting beam structure are taken inside the towers 
i n pieces and assembled i n place. 

F igure 6 - A pair o f 28-foot diameter sieve t rays used 
i n the Bruce H e a v y Water Plant. 

WHAT IS CRNL'S ROLE IN HEAVY 
WATER PRODUCTION? 

A t C R N L about 50 scientists, engineers, techno
logists and technicians are engaged i n w o r k o n heavy 
water processes. T h e y are supported b y tradesmen 
w h o bui ld and maintain the various pieces o f experi
mental equipment. 

T h i s C R N L ef for t o n h e a v y water processes is 
divided i n t o three r o u g h l y equal parts: 

— w o r k o n the G S process i n support o f the plants 
described above 

— w o r k o n the steam-hydrogen-amine process 

— w o r k o n the hydrogen-water process. 

These t w o n e w processes have the potential for being 
cheaper and simpler i f our development studies are 
successful. W h e n each is more t h o r o u g h l y under
stood, w e w i l l choose the better one to be carried to 
the stage o f commercial operat ion. 

I n addit ion to the w o r k at C R N L , w e are 
supporting a substantial a m o u n t o f contract research 
and development o n heavy water processes. G S 
contract w o r k is concentrated i n N o v a Scotia to 
develop local expertise close t o the plants. Several 
groups are contr ibuting to the steam-hydrogen-amine 
project, and w e hope to increase substantially indus
trial part icipation i n this process development. 

Studies o n the G S process include chemistry, 
cor rosion and f lowsheet analysis. M i x i n g water and 
h y d r o g e n sulfide o n the sieve trays can lead to 
excessive foaming w h i c h restricts f l o w s and hence 
h e a v y water p r o d u c t i o n . Ident i fy ing troublesome 
impurit ies w h i c h cause foaming i n the water and 
defining h o w t o remove t h e m is one aspect o f our 
w o r k . Studying corrosion i n h y d r o g e n sulfide envi
ronments and proving out better materials is another 
aspect — f o r example t i tanium is being evaluated f o r 
heat exchanger tubing i n case problems develop w i t h 
the stainless steel n o w being used. Detailed mathe
matical models o f the process f lowsheet have been 
developed at C R N L to help optimize plant perfor
mance and t o assist i n designing future plants. I n all 
these and m a n y other areas the engineers at C R N L 
w o r k closely w i t h the plant operators and act as 
consultants o n m a n y problems. 

T h e steam-hydrogen-amine process is potential ly 
attractive because o f the m u c h smaller f l o w s required. 
H o w e v e r , there are several problems still to overcome 
for this process t o be successful. D u r i n g the past f o u r 
years it has been studied i n the laboratory and in a 
small pi lot plant. A catalyst dissolved i n the amine is 
required i n this process. T h e chemistry o f this system 
was u n k n o w n and has required a large effort to 
explore and understand. T h e pilot plant is used to 
determine the performance o f gas-liquid contacting 
towers. F i g u r e 7 is a v i e w o f part o f this faci l i ty 
showing the gas compressor, amine p u m p , piping and 
heat exchangers. Because the catalyst solut ion is 
p y r o p h o r i c v e r y careful design and construct ion was 
necessary to achieve a reliable, leak-free unit . Similar 
care i n operat ion and maintenance has prov ided over 
t w o years o f successful operat ion. 

T h e hydrogen-water process is attractive because 
o f its simplicity. A n e w catalyst developed at C R N L 
makes the process possible and i f it can be i m p r o v e d 
in performance substantiaËy the process w i l l be 
successful. W o r k i n the laboratory f o r the past t w o 
years has n o w reached the stage where pilot-scale 
testing is needed, and the design o f equipment f o r 
this has begun. 
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F i g u r e 7 - A p o r t i o n o f the hydrogen-amine pilot 
unit at C R N L . 

CRNL AND HEAVY WATER 
RECONCENTRATION 

H e a v y water leakage at reactors is usually re
covered m i x e d w i t h some ordinary water. T h u s , it is 
no longer reactor grade - 99.8% D 2 0 . Reconcentra
t i o n t o separate the H 2 0 and restore the D 2 0 to 
reactor grade can be done b y water distil lation or b y 
electrolysis. Small distil lation units are located at 
reactor sites. Electrolysis is used at C R N L and is an 
important operat ion in meeting the overall reconcen
t r a t i o n requirements o f Canada's p o w e r reactors. T h e 
recent expansion o f this plant is described i n another 
paper at this seminar b y A . E . Hart . 

SUMMARY 

H e a v y water is the ideal moderator for p o w e r 
reactors. I t is separated f r o m ordinary water i n a 
c o m p l e x process involving v e r y large f l o w s o f water 
and h y d r o g e n sulfide gas. B y 1974 Canada w i l l have a 
h e a v y water p r o d u c t i o n capacity o f more than 1500 
tons per year, or four times the current operating 
capacity. 

C R N L provides technical support t o these plants 
and is also developing new processes. T h i s w o r k is 
m a i n l y i n chemistry and chemical engineering. C R N L 
also operates a large electrolyt ic plant f o r reconcen-
trating heavy water . 
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SOME WHY'S AND WHEREFORE'S OF ACCELERATOR TECHNOLOGY AT CRNL 

by 

P.R. Tunnicliffe 
Head, Accelerator Physics Branch 

Capability in accelerator technology is a relatively 
new development at CRNL, certainly it is new since 
the last Labour-Management conference. It has its 
roots in the Intense Neutron Generator or ING 
study — a $150M proposal which some of you may 
recall raised a certain amount of controversy. That 
study terminated nearly four years ago but it esta
blished a base and it became clear that AECL still had 
legitimate long and short term interests in exploiting 
accelerator and other electro-nuclear techniques. 

Why is AECL interested? We are interested in 
exploiting accelerator techniques 

— in the long term in ongoing developments in 
nuclear power 

— in the short term in applications in 

medicine 
industry 
and research. 

The long term interest lies in the possibility of 
establishing a viable alternative to fast reactors, which 
are a practical, but perhaps rather expensive way to 
exploit the large and, for the next million years, 
adequate supplies of thorium and uranium available 
in the earth's crust. To burn these elements we must 
have a supply of neutrons to convert them to fissile 
forms and to date the only economically feasible 
supply lies in the relatively rare but naturally 
occuring fissile isotope, uranium-235. There is a 
fundamental law of nature which governs most of 
man's activities be they technical or otherwise. It is 
usually called "the law of maximum cussedness" 
otherwise known as "Murphy's Law" or "Sod's 
Law". One form says — "If you happen to drop your 
bread and jam, it almost invariably lands jam side 
down". The field of nuclear power is one of the few 
cases where the bread didn't land jam-side down, 
really it landed on edge — that is nuclear power is 
possible but rather difficult — If man had come along 

appreciably later on the time scale of the age of the 
solar system, there wouldn't have been enough U-235 
left because its life-time is relatively short in that time 
scale. We then wouldn't have found it so easy to get a 
handle on releasing the energy locked in the heavy 
elements until we had sufficiently developed the 
electro-nuclear technology I'm talking about. 

The Canadian reactor program has placed great 
stress on conserving the neutron supply available as 
U-235 so that an appreciable amount of the more 
abundant U-238 isotope in fuel is burned but the 
neutron economy is not sufficient to ensure a com
plete burn-up. Fast reactors achieve an even higher 
neutron economy and can indeed, given an initial 
inventory of U-235, burn all the uranium and even 
supplement their inventory.* But the necessary 
technology is much more difficult than heavy-water 
reactors and indeed there remain some unanswered 
feasibility questions even now. Given a "small" 
supply of neutrons, heavy-water reactors can achieve 
the same objective; in a practical situation like 
Pickering, one initial neutron can fission 10-11 atoms 
of uranium or thorium fuel. 

The question asked is — 

— can we generate neutrons by some electrically-
driven process which is 

— first energetically profitable and 

— second cheap enough to compete in the 
Canadian context? 

Before I attempt to answer let me digress a 
moment — in this business of the microscopic world 
we use a unit of energy called the electron-volt or 

* As Pu-239 or U-233 which are "artificial isotopes" 
(too short lived to be still around from the original 
nucleargenesis of the elements) with similar neutron-
yielding properties to U-235. 



eV - it's the amount of energy gained by an electron 
falling through a potential of one volt. There are 
about 10 2 5 of them in a kilowatt-hour, the energy 
unit you pay your Hydro bill in, so it's very small but 
so is an atom. 

One uranium atom fissioning releases 200 million 
electron volts (MeV) of energy** so a neutron put 
into a CANDU fuel cycle is worth about 2000 
MeV — as heat, converted to electricity say 600 MeV. 
So I must use much less than 600 MeV of electricity 
in generating a neutron to make a decent energy 
profit. 

Nuclear physics tells us this is indeed possible, if I 
hit the nucleus of a heavy element hard enough with 
a nuclear projectile I can literally shake loose some of 
the neutrons bound in it. Accelerator technology says 
I can in principle accelerate suitable particles by 
electrical energy with good efficiency. Typically a 
1000 MeV proton hitting uranium can release up to 
50 neutrons, that's 20 MeV/neutron so I've got lots in 
hand. The outstanding questions then are — can I do 
it cheaply enough and can I do it on an industrial 
scale? — I'm talking about proton accelerators with 
100's of Megawatts in the beam of protons. It is these 
questions we're trying to answer with small scale 
experiments. 

Before leaving this topic I should mention thermo
nuclear fusion. Many of the fusion reactions of the 
light elements release neutrons as well as energy. 
Plasma scientists hope to heat and contain plasmas of 
light elements with sufficiently little work so that a 
net gain in energy is possible. Hopes of achieving 
processes like this have waxed and waned over the 
last few decades; we are currently in a period of 
optimism. However if a fusion reactor is regarded as a 
source of neutrons for use in a fission reactor system, 
a net yield of energy from the fusion device alone is 
unnecessary, only that a fusion-fission cycle using 
fusion neutrons be energetically profitable. The con
siderably less stringent target may indeed lead to a 
situation where fusion is first applied (and perhaps 
only applied) in a fission-fusion symbiosis. AECL is 
interested but our role is currently a watching 
brief — hopefully we will have learnt sufficient 
electro-nuclear technology to rapidly exploit a 
promising situation in fusion should it come to light 
elsewhere. Incidentally high-power but low-energy 
accelerators could play an important role in heating 
fusion-plasmas to ignition temperature. 

**By contrast the energy available from burning coal 
or oil is a few eV per atom. 

Having talked about the next 30 years or so, what 
about the more immediate future? Accelerators are 
and will continue to be important tools in medicine 
and in industry. Two examples of their use are in — 

— treatment of cancer, and 

— production of new and superior plastics by radi
ation induced polymerization. 
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Figure 1 — Depth Dose Curves for Photos in Water 

Cobalt-60, which can be prepared as a superior 
product in Canadian reactors, has been exploited very 
effectively by AECL in both medicine and industry; 
in particular we are the world's leading supplier of 
cobalt cancer-therapy machines. While cobalt units 
will continue to be the "work horses" in this field, 
electron-accelerators can produce penetrating radi
ation with distinct advantages. Figure 1 compares the 
effects of cobalt radiation and the radiation from 
various energy accelerators as a function of depth in 
biological tissues. Since the object of the exercise is 
to deliver a killing dose to the tumor site while 
minimizing damage to healthy tissue, you can see that 
accelerator energies greater than 4 MeV can be better 
than cobalt for deep-seated tumors. However if the 
energy is too high the dose-peak spreads too much 
and more damage is done beyond the peak. For these 
and other reasons we are developing advanced 
medical accelerator technology in the 4 to 25 MeV 
region that can be applied to cancer-therapy and 
which will be a valuable complement to cobalt in 
combating this widespread and difficult-to-treat 
disease. Of course effective drug treatments may be 
developed which are superior to and displace radi
ation treatment — nobody could be more delighted 
than myself if our work proved futile for this reason, 
but presently this seems unlikely for many years to 
come. 
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Finally in this area of applications I should say 
something about research uses. Accelerators are now 
being used in many fields of scientific research but 
they have and continue to be essential in our explora
tion of the properties of nuclear matter and its 
constituent particles. Indeed they have played a vital 
role in understanding nuclear physics well enough to 
permit the development and effective control of 
nuclear energy today. The demands of the nuclear 
and particle scientists in extending their knowledge 
have provided and continue to provide the primary 
stimulus in developing the technology. Part of our job 
is to support the needs of nuclear science at CRNL 
and we are currently undertaking studies of possible 
extensions to our research facilities using advanced 
accelerator techniques. 
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Figure 2 — World Accelerator Picture 

Now let me try to say a bit more about what an 
accelerator is. Basically it is a machine capable of 
accelerating atomic or nuclear particles to energies in 
excess of an appreciable fraction of an MeV; indeed 
machines exist capable of reaching ~ 200,000 MeV. 

Figure 2 is a kind of world catalogue where we locate 
them on an energy-intensity diagram — note the 
scales are logarithmic and cover factors of a million or 
more. The machines range in beam power from watts 
to megawatts. This version of the diagram is about 6 
years old but it serves to make the point. Note there 
is a no-man's-land at the upper right, the neutron 
factory I spoke about earlier would fall well into that. 
By contrast most medically and industrially useful 
machines would fall at the upper and middle left. 
Clearly there is a vast variety of machines varying in 
size from feet to miles — in the time left I don't 
propose to cover the field, rather to limit myself 
strictly to machines and experiments at CRNL, which 
mainly fall in the upper left. 

There are two basic principles widely used for 
accelerating charged particles (we don't know how to 
accelerate neutral ones like the neutron), one is by 
application of a unidirectional (D.C.) electric field, 
the other by repetitive application of an alternating 
(radiofrequency) field which the particles only see 
when it is in the right direction. The latter technique 
can be applied by a series of gaps or electrode pairs in 
a straight line, a linear accelerator, or it may use a 
single gap and the particles are bent round in a closed 
orbit and recycled repetitively through the gap as in a 
cyclotron. There are of course conditions of synchro
nism and focussing to be satisfied which can lead to 
considerable complications which I won't go into 
here. All this has to be done in a high vacuum to 
provide high voltage insulation and to avoid slowing 
down and scattering the particles. Machines currently 
at CRNL are either D.C. or linear accelerators and I 
will describe a few typical examples. 

Figure 3 shows an air insulated 0.75 MeV proton 
accelerator recently completed. The accelerator pro
per is contained in the horizontal tube at the left 
stretching between the main high-voltage terminal 
and the grounded wall of the room. The object in the 
foreground is the 3/4 Megavolt D.C. generator. This 
machine was designed at CRNL and has been built to 
study problems of getting intense beams started such 
as might be used in a neutron factory. So far we have 
only operated at low current but that is being 
cautiously increased. 

Figure 4 is a considerably higher voltage D.C. 
machine, the Tandem Van de Graaff, and is the main 
tool of our nuclear physics group. It is capable of 
accelerating a wide range of ions of many elements 
and represents the present limits of D.C. technology; 
it will support up to about 15 Megavolts on its 
terminal. What you see mainly is the enclosing 
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pressure vessel for containing the high-pressure insu
lating gas. Figure 5 gives you a glimpse of the rather 
complex interior designed to carefully distribute the 
voltage gradients and minimize sparking. This 
machine was designed and built by the High Voltage 
Engineering Corp'n. in the U.S. but CRNL had 
considerable influence in its development. 

A third machine, a high-power 4 MeV electron 
accelerator, is shown schematically in figure 6. This is 
being built as a model of what part of the higher-
energy sections of a neutron factory might look like. 
It is a linear accelerator which would be a powerful 
industrial radiation source in its own right. The next 
few figures show some details of its assembly. Figure 
7 is one of the precision-machined copper parts which 
are brazed in a hydrogen atmosphere to form the 
multigap accelerating structure (waveguide tank). 
Figure 8 shows some of the segments being assembled 
prior to brazing and figure 9, the completed assembly 
in place on its support and vacuum system. Figure 10 
shows the two radiofrequency power supplies to drive 
the machine. Their basic components are two 100 kW 
modified UHF TV transmitter klystrons. The whole 
machine and its auxilliary systems are to be con
trolled by a digital computer which will also collect 
and analyse data about its performance. 

Figure 3 — 0.75 MeV Proton Accelerator 

Figure 4—15 MV Tandem Van de Graaff Accelerator 

Figure 5 — Internal Structure of the Tandem Accelerator 
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Figure 9 — First part of 4 MeV accelerator assembled 
for preliminary tests 

Figure 10 — 4 MeV Electron-Accelerator Radiofrequency 
Power Supply 

Figure 11 shows what such a machine looks like 
when it is scaled down to medical therapy require
ments. This 4 MeV machine has adequate intensity to 
deliver cancer treatments in a few minutes. Inter
estingly enough this laboratory model is driven by a 
spare DEW-line radar transmitter loaned to us by the 
Department of National Defence. 

I hope this has given you some idea of the why's 
and wherefore's of accelerator technology at CRNL. 
Let me conclude by listing some of the skills and 
technologies we encounter in building, operating and 
maintaining these machines. 

They include the more traditional skills of — 

— machining, welding and brazing, particularly of 
high-purity copper and stainless steels as well as 
more exotic materials like titanium 

— high power and high voltage electrical work 

— a multiplicity of plumbing and pipe-fitting and 

— carpentry and masonry work in preparing neces
sary shielding. 

I would also be remiss in failing to note the 
invaluable assistance of our millwrights in some very 
tricky erection and assembly work. 

Technological skills we exploit include 

— High vacuum techniques 

— Electronic and computer techniques 

— Radiofrequency techniques including both those 
encountered in radio and TV transmitters and in 
powerful radar transmitters 

— Radiation control techniques 

and a multiplicity of others that more traditionally 
turn up in physics laboratories and are particularly 
challenging to the versatility and adaptability of our 
technicians and technologists. 

F i g u r e 11 - Low-power Mechanical Accelerator Model 
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