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Foreword
Aristotle's admonition that "In practical life, particular facts count more
than generalizations'1 is all too often overlooked by modern writers. In this
account of the events and decisions which led to the establishment of the
Atomic Energy Control Board in 1946, and which subsequently shaped its
evolving role as the federal nuclear regulatory agency, Gordon Sims has
carefully searched through hundreds of documents and interviewed dozens of
persons in order to ensure that particular facts about the Board could be
presented and generalizations avoided. Perhaps one of the most important
results of his work has been to reveal the constraints within which the Board
has operated during the past three decades and the interplay of Government
policies which both prompted and prevented certain initiatives. The early
decision of the Canadian Government to limit the role of the Board will be
seen to have influenced fls actions for many years. Subsequently, a broader
interpretation of Government regulations led to policies and actions which
reflected the increasing concerns of many Canadians with nuclear issues. The
vociferous debate over nuclear weapons proliferation, reactor safety and
radioactive waste management has resulted in extensive reference to the
Board by the media. Clearly there is a need for the Board to build upon the
initiatives which it has taken during the past few years and thus reinforce the
growing public confidence that the Board is not only fulfilling its responsibilities, but ready and willing to be held accountable for its performance.
Gordon Sims' efforts to document in a readable and straight forward manner
the past actions of the Board, and its role within the context of overall
Government policies, constitutes a significant contribution to understanding
the activities of the Board in regulating the use of nuclear energy.

J.H. JENNEKENS

President
Atomic Energy Control Board
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CHAPTER 1

Introduction
The Atomic Energy Control Board (AECB) is a regulatory agency set up
by the Government of Canada under the Atomic Energy Control Act of 1946
to assist the Government in its efforts " . . . to make provision for the control
and supervision of the development, application and use of atomic energy and
to enable Canada to participate effectively in measures of international control
of atomic energy". (1) The Board itself consists of a full-time President and
four part-time members assisted by a staff which has increased from three
professional members in 1946 to nearly 200 professional and support staff
today.
The mandate conferred on the AECB by the Atomic Energy Control Act
to "control" and "develop" atomic energy was broad and skeletal. This was
an inevitable consequence of the subject matter of the legislation. The Act
was passed into law a year after nuclear explosives had reduced large areas of
Hiroshima and Nagasaki to kindling and the horror of these two explosions
hy heavily on the world. Atomic energy was seen as an unknown force
capable of either shaping man's destiny or destroying it. It was clear that the
potential for shaping should be developed but it was also clear that the
potential for destruction had to be controlled. Since the rigidities implied by
control could hamper the freedom required for development, a balance would
have to be maintained between the two and the Act was designed to provide
the latitude within which this balance could be achieved. The success of the
Act in this respect can be judged from the rate and diversity of growth of
atomic energy in Canada over the last thirty-five years which has been
achieved under the regulatory auspices of the Act.
For some years after the end of the Second World War the secrecy which
had surrounded Canada's atomic energy activities was maintained but
gradually, as increasing research led to the development of peaceful uses of
atomic energy, the secrecy was lifted and the orientation of the Government's
attitude changed from control to development. The AECB was thrust into a
role of regulating the expansion of a commercial atomic energy program in
Canada. During this period commercial nuclear power became first a
possibility and then a reality, materials in support of nuclear power such as
uranium and heavy water were produced in hitherto unheard of quantities and
the use of radioisotopes in medicine, industry and research created a
flourishing new industry in Canada.
1

The development of atomic energy in Canada is a fascinating story in its
own right and one which has not been adequately told. The early years of this
story, up to the beginning of the 1960s, have been described by Wilfrid
Eggleston in his Canada's Nuclear Story (2), but this work stops at a point
where the nuclear power industry has completed its first development phase
and stands poised for take-off into an uncertain commercial future. In the
years since Eggleston's book appeared the Canadian nuclear power industry
has struggled to convert a brilliantly conceived and executed development
project into an equally successful commercial reality, with uneven results.
Without an adequate history of the nuclear industry (3), which was the object
of the AECB's regulatory focus, it has been necessary in this work to provide
outline histories of the development of certain segments of the industry and
these have been placed at the beginning of the relevant sections.
It will become apparent that these historical contexts contain, in large
measure, descriptions of technological development and in describing the
progress of technology to the layman some prior knowledge of the subject
must be assumed. In order to keep this work within reasonable bounds and at
the same time to avoid turning it into a technological history of the
development of nuclear energy in Canada, it has been necessary to assume in
the reader some pri ir knowledge of at least the 'language' of nuclear science.
A brief treatment of the development of fission theory has been provided in
Chapter 2 so that some of the basic concepts involved in the development of
the CANDU reactor system can be better appreciated, and a glossary of useful
terms has been provided in Appendix 3, but inevitably some technical terms
and principles have been left unexplained. The assumption of a degree of
literacy in these matters has been unavoidable.
Throughout this book a focus has been maintained on the Atomic Energy
Control Act and the Regulations derived from that Act which, together, have
provided the mandate for the actions (and sometimes lack of action) of the
AECB. Like all bureaucratic entities the AECB has evolved over the years as
the perceptions of its role as a regulator have changed and this work presents a
description of this evolution. Inevitably it will present different appearances
to different observers, depending on whether it is being viewed by a member
of the Board staff, a member of the nuclear industry, a member of a
government department or agency or a member of the public. It is the
privilege of an historian to choose his own viewpoint but this privilege carries
with it the responsibility to be fair to other viewpoints. Complete objectivity
in recording history is an unobtainable goal but an approach to fairness and
balance, though more modest, is a more realizable ambition. It is this latter
that has been attempted throughout this work.

(1)
(2)

(3)

REFERENCES
The Atomic Energy Control Act, 1946, 10, Geo. VI, Ch. 37, August 31, 1946.
Wilfrid Eggleston, Canada's Nuclear Story, (Clarke-Irwin, Toronto, 1965).
It is interesting to note that Eggleston almost entirely neglects the role of the
AECB in his history of Canada's nuclear activities. The AECB is citer1 only
three times in the Index. Two of the citations refer to the AECB in passing, the
third is K wrong entry.
Partial histories of two parts of the nuclear industry have been provided by
D.M. LeBourdais, Canada and the Atomic Revolution, (McClelland and
Stewart Limited, Toronto, 1959), which deals mainly with the uranium mining
industry, and Gordon H.E. Sims, The Evolution of AECL, (Unpublished M.A.
Thesis, Institute of Canadian Studies, Carleton University, August, 1979)
which discusses five issues involved in the evolution of the Crown Corporation.

CHAPTER 2

Pre-History of the AECB
A history of the Atomic Energy Control Board should properly start in
1946 with the passage of the Atomic Energy Control Act which brought the
Board into existence. However, in order to understand the reasons why the
Atomic Energy Control Act was passed into law it is necessary to have some
knowledge of the events of the Second World War which led up to the
development of nuclear weapons and the atomic explosions at Hiroshima and
Nagasaki. In large measure it WBS these events, and their implications for the
future, which made the Act necessary. The production of nuclear weapons, in
turn, depended on the discovery of nuclear fission at the end of 1938, about a
year before the Second World War started, and this discovery depended on
the previous work of scientists which could be traced, if necessary, back to
the myths of antiquity. History provides us with a chain of causal events and
the decision where to break into the chain must be arbitrary to some extent.
For the purpose of this history the break will have to occur before 1946 so
some pre-history of the AECB is necessary.
A pre-history can also be made to serve another useful purpose. The
AECB is an agent of the Canadian Government regulating the operations of a
scientifically based industry, and in order to understand the AECB's activities
it is necessary to provide the reader with a scientific framework to which he
can relate the technicalities involved in these activities. It is also necessary to
place this framework within a specifically Canadian context since the
development of nuclear science in Canada, and more particularly its application to the production of nuclear power, has some aspects which are unique on
the world's scene. In this chapter a historical treatment of the discovery of
nuclear fission will be presented and this will be followed by a description of
the nuclear activities in Canada up to the end of the Second World War. The
description of the former will provide the basic elements of the scientific
framework and the latter will introduce the reasons for the 1946 Atomic
Energy Control Act.
Much of the early history of nuclear science derives from European
rather than North American sources (1), and it would not be expected that
Canada, a country with a small population, geographically remote from the
scientific centres of Europe and concerned with the practicalities of developing its natural resources rather than understanding the theories of nature,
would play a significant part in its early development. Unexpectedly, this was

not so. Two of the major figures in the early twentieth century development of
atomic theory, Rutherford and Soddy, although neither of them were
Canadian, did much of their important work in Canada. They left this country
with a legacy in nuclear research which served as an inspiration to subsequent
workers.
Ernest Rutherford was born in New Zealand, the fourth of twelve
children of a wheelwiight and small-scale farmer. He went to England in 1895
to study at the famous Cavendish laboratory at Cambridge University under
Professor J.J. Thompson, and in 1898 he accepted an appointment as Junior
Macdonald Professor of Physics at McGill University in Montreal (2). He was
followed to Canada in 1900 by Frederick Soddy, a chemist from Oxford
University. In the early years of this century, while at McGill, these two men
collaborated to produce a new disintegration theory of matter which postulated that one element could be changed to another. The changes were
accompanied by the emission of energy and some of the consequences of this
theory, as presented by Rutherford in 1904, are of considerable interest today
in view of the later developments in atomic energy.
It is thus seen that the total energy emitted from 1 gram of radium during its
changes is about a million times greater than that involved in any known
molecular change . . .
There is thus reason to believe that an enormous store of latent energy is
resident in the atoms of the radio-elements . . . If it were ever found possible
to control at will the rate of disintegration of radio-elements, an enormous
amount of energy could be obtained from a small quantity of matter.. .(3).
Up to this point in his history, man had only been aware of the
production of chemical energy brought about by changing the molecular
configurations of atoms. Rutherford, for the first time, pointed to the vastly
greater store of energy involved in nuclear transformations, even though the
nucleus of an atom was as yet an undiscovered entity.
Rutherford returned to England, to Manchester University, in 1907,
leaving behind a core of Canadian nuclear physicists (4). During the next
thirty years the research spark he had ignited kept burning but at a low ebb.
The belt-tightening caused by the Depression of the '30s left little money for
basic research (5). As a result, Canada's contribution to the nuclear stoiy was
small and the next major breakthrough was to occur in Europe on the eve of
the Second World War.
By 1938, scientists had been using the neutron, discovered by Chadwick
in 1932, to chip away at the nucleus of the atom. The technique they used was
to bombard material with neutrons so that the nuclei of the atoms absorbed
neutrons and became unstable. The nuclei would return to stability by giving
off various forms of radiation and it was measurements of the radioactivity
which helped determine what new material had been produced. Before 1938,
neutron bombardment had achieved the alchemist's dream of transmuting one
element to another but in all cases the new atoms produced were very close in

mass to the original ones. Theories had been formulated to describe the nature
of the nucleus and how it would react with other particles.
In 1938, Hahn and Strassman in Germany were pursuing some work
begun by Curie and Savitch on the bombardment of the uranium atom with
neutrons (6). It was known that this nuclear reaction produced several
radioactive isotopes some of which, it was thought, might have been heavier
than any previously known elements and one of which might have been a new
kind of radium. This latter was of interest to Hahn and Strassman since its
formation appeared unlikely according to the theories of nuclear reactions of
that time. The supposed radium isotope was present in only minute quantities
in the irradiated uranium and Hahn and Strassman proceeded to try separating
the radium isotope from the bombarded uranium by using barium as a carrier.
Barium is chemically akin to radium so that by adding significant quantities of
barium and then sep?ating the barium from the uranium, the radium would be
'carried' along in the chemical separation. Having separated the carrier from
the ui'anium, they then tried to separate the supposed radium from the barium.
This they were unable to do and reluctantly they were forced to the conclusion
that the isotope they were dealing with was in fact an isotope of barium itself.
It would appear that one of the effects of bombarding uranium with neutrons
was to produce the radioisotope of an element which had about one half the
mass of uranium (7).
This was a quite unexpected result and before their paper had actually
appeared in print, Hahn wrote to Lise Meitner in December 1938 and
informed her of his finding0. Meitner discussed the results with her nephew
Otto Frisch, and they came to the conclusion that theoretically the effect of a
neutron on the nucleus of a uranium atom could in fact cause it to split into
two approximately equal fragments and that in doing so, energy amounting to
two hundred million electron volts would be released. This energy would
largely be imparted to the two fission fragments which would fly apart and
carry most of the energy with them (8). Frisch soon confirmed experimentally
the existence of the fission fragments (9), and similar confirmation was
obtained independently by Joliot shortly afterwards (10).
The knowledge that uranium could fission aroused considerable excitement in the world of nuclear physics. Within a matter of weeks several
laboratories in different parts of the world had confirmed and extended
Frisch's work by examining the energies of the fission fragments and
chemically identifying the fission elements which were formed.
The enormous amount of energy liberated by the nuclear fission process
attracted considerable attention. If it could be used, the world would have an
entirely new source of energy, otherwise it would remain little more than a
scientific curiosity. One way in which it could be used would be to establish a
chain reaction. If neutrons were also thrown out of the uranium nucleus when
it fissioned, then these neutrons could fission other uranium atoms which in
turn would produce more neutrons to keep the chain going. Provided that, on

the average, more than one neutron was emitted from each fission process,
there was the theoretical prospect of maintaining the chain reaction until all
the uranium had been consumed, and all of the energy in it liberated.
Hahn and Strassman had noted in a second paper that neutrons might be
released in the fission process (11). It was left to von Halban, Joliot and
Kowarski in Paris to show experimentally that neutrons were in fact emitted
(12) and, shortly afterwards, to provide the first estimate of how many
neutrons were emitted per fission of uranium (13). Although their estimate of
3.5 neutrons is today considered rather high (about 2.5 is accepted now), it
was considerably more than the one neutron needed to establish the feasibility
of a chain reaction in uranium.
During the remainder of 1939 the theory of fission developed rapidly.
Attention was devoted simultaneously to the two entities involved in the
reaction, uranium and the neutron. It was known that the element uranium
consisted of two isotopes, one of atomic weight 235 (U-235) and one of
atomic weight 238 (U-238). Naturally occurring uranium consisted of 0.7%
of the former and 99.3% of the latter and it was unlikely that both reacted
similarly to neutrons. Bohr and Wheeler were the first to point out that fission
was much more likely to occur with U-235 than with U-238 (14). This was
unfortunate since from the point of view of establishing an efficient fission
process the large quantity of U-238 would be a very undesirable diluent for
the small quantity of U-235. Separation of the two isotopes to obtain a higher
concentration U-235 in U-238 promised to be a very difficult and very
expensive process. Would it be necessary to enrich the U-235 in natural
uranium in order to establish a chain reaction, and if so, by how much, and
how could this best be achieved?
Part of the answer to the first question might lie in studying the properties
of the neutron. It was soon found that the possibility for causing fission was
much greater for slow neutrons than for fast ones. Since the neutrons thrown
out of a nucleus during fission had very high velocities an efficient fission
process would necessitate some method for slowing them down. This could
be accomplished by allowing them to bounce off other nuclei so that with each
collision the neutron left behind a little of its energy until at last it had slowed
down (moderated) to a suitable degree. But the nuclei it collided with must be
such that there was very little chance that the neutron would be absorbed
during the collision. If it were, it would be unable to fission another
uranium-235 nucleus. It was known that bouncing neutrons off light nuclei
would provide a more efficient moderating process than bouncing them off
heavy nuclei, so an i'Vai slowing down medium would be a light element with
very low neutron absorption properties. Hydrogen, the lightest element of all,
looked promising in this respect, so did carbon. Both were cheap and plentiful
and were widely used in early experiments. An isotope of hydrogen, called
deuterium, was also identified as a likely candidate but because it was rarer
and therefore more expensive, it was not widely used at first.

It was possible that even fast neutrons could cause fissioning if the
concentration of U-235 could be made high enough. In this case the fast
neutrons would spread the chain reaction with such lightning rapidity that a
highly explosive release of energy would result.
In both types of nuclear reaction, those involving fast neutrons and those
involving slow neutrons, neutron economy was important. If too many
neutrons were lost from the system without contributing to the fission of
another uranium atom a nuclear chain reaction could not be sustained. One
method of loss, absorption by other materials such as U-238 or the moderator,
has already been mentioned. Another possibility would be to lose neutrons by
scattering them out of the system completely. This would be particularly true
for a small system containing essentially pure U-235 and using fast neutrons,
the type of system which might be able to produce a nuclear explosion. From
a consideration of the probability of a neutron escaping from a mass of
uranium by scattering, it was possible to derive the size of a critical mass of
uranium which would be necessary before the rate at which the ;;eutrons were
generated within the mass exceeded the rate at which they were being lost
from the surface. This was the critical mass which is necessary to keep the
chain reaction going (15). For relatively pure U-235 and using fast neutrons,
this mass turned out to be a few kilograms of material. If this mass of U-235
could be separated from U-238, a fission bomb was possible.
Bat what of reactions involving slow neutrons? If the neutrons could be
slowed sufficiently so that they reacted efficiently with U-235, could a
self-sustaining chain reaction be produced without enriching uranium in
U-235, or would the amount of U-238 always make this reaction impossible?
And if this reaction were possible, what material could be used to slow down
the neutrons without absorbing too many of them so that the all important
neutron economy was not inevitably impaired? During 1939, there seemed no
prospect of obtaining uranium enriched in U-235 so most of the attention of
the world's scientists was devoted to experiments using slow neutrons and
natural uranium. The problem was being studied by a group in Paris who were
using ordinary water to moderate neutrons. Unfortunately they found that too
many neutrons were being absorbed by the water to make the reaction
self-sustaining (16). Another moderator would be required before a chain
reaction couid be achieved.
By the start of the Second World War in September 1939, nuclear
physicists had already established much of the theoretical framework within
which the future of nuclear fission was to be developed. It was possible that it
could be used in a controlled fashion to liberate large quantities of benign
energy and that it could also be used in an explosive fashion to produce a new
super bomb. The development of the former was initially to be overshadowed
by the wartime need to develop the latter, but many people already suspected
that no matter how the war turned out, a Pandora's box containing both
promise and threat had just been opened.

All the major industrialized countries of the world were by now involved
in exploring this new nuclear phenomenon. Scientists in the USA, UK,
France, Germany, Italy and Russia were conducting investigations and in
1940 experiments were begun in Canada.
The National Research Council (NRC) in Ottawa had at that time a small
group engaged in research in nuclear physics, radioactivity, radiology and
related matters (17). The senior member of the group was Dr. George C.
Laurence (later to become President of the AECB) who had studied under
Rutherford at the Cavendish laboratory at Cambridge. Dr. Laurence was
aware of the work being done on uranium fission and in 1940 he started
preparing some experiments himself. He obtained half a ton of uranium oxide
from Eldorado Gold Mines Ltd. and some supplies of relatively pure graphite
and proceeded to build Canada's first 'atomic pile' in a room in the NRC
laboratories at Sussex Drive, Ottawa (18). Useful experimental results were
obtained :rom the pile but the work on nuclear fission proceeded slowly
because of the higher priority of other projects within NRC.
The position of Canada at that time was of great interest to the officials
directing the UX approach to nuclear weapons. As a reliable member of the
Commonwealth, out of the reach of German bombs and close to the
manufacturing capability of the USA, Canada was considered as a possible
site for the location of a major British atomic energy project (19).
Canada was also a major source of uranium, the only other major source
known at that time being in the Belgian Congo. The Canadian source was a
mine at Great Bear Lake owned by Eldorado Gold Mines Limited. This mine
had been operated until the start of the war mainly to produce radium. The
company had built a refinery at Port Hope to extract the radium and was in
possession of large stocks of uranium which had been produced as an
unwanted by-product of the radium extraction. The Eldorado mine was
reopened in 1942, this time as a uranium producer in order to supply the
increasing demands from both the UK and the USA (20).
Meanwhile, during the early stages of the war, the nuclear physicists in
Paris had followed up their first unsuccessful experiments in using light water
as a neutron moderator by turning to heavy water. Heavy water is chemically
identical to light water but physically it has the two hydrogen atoms found in
light water replaced by two atoms of deuterium. Deuterium is an isotope of
hydrogen, but with twice the mass and, more important for nuclear physics,
with lower neutron absorption properties. Deuterium oxide is found in all
natural water at a very low level (21) and its separation from light water is
difficult. Prior to the Second World War it was produced in significant
quantities at only one place in the world, as a by-product from a synthetic
ammonia fertilizer plant in Norway.
In early 1940 the French approached the Norwegians to buy their entire
stock of heavy water (180 kgs) and were successful (22). The heavy water
was taken to France, but before it could be used the Germans invaded and it
10

was smuggled to England where it finally arrived at the Cavendish laboratory
at Cambridge University together with the French scientists von Halban and
Kowarski.
During 1940-41 the possibilities of using uranium fission to make a
bomb were being explored on both sides of the Atlantic by President
Roosevelt's "Advisory Committee on Uranium" and in the UK b; j the
"Maude" Committee under the chairmanship of Professor G.P. Thompson.
There was some consultation between the groups h"t by mid-1941 both had
decided, essentially independently, that a fission bomb was possible (23). In
the UK the project was code-named Tube Alloys and placed under the
Department of Scientific and Industrial Research. In the USA the Manhattan
project was set up under General L.R. Groves.
The USA with its great industrial and scientific resources now began a
strenuous and expensive effort to build major facilities to separate uranium235 from natural uranium. Three methods of separation appeared feasible and
all three were pursued simultaneously (24). There was also the possibility that
the isotope of a new element, plutonium, which could be prepared froci the
neutron bombardment of uranium would also prove to have the same
explosively fissionable properties as uranium-235 (25). A self-sustaining
nuclear reactor would be necessary to prepare plutonium and such a reactor,
using graphite as a neutron moderator, was being built by Fermi in Chicago.
The UK with its much more limited resources was also devoting its
energies to the explosive possibilities of fission, and at first there was
collaboration between the two efforts on both sides of the Atlantic. The 'slow
neutron' group working at the Cavendish under von Halban did not fit into
British plans since the investigation of controlled fission was secondary to
explosive fission during a war emergency. Admittedly, controlled fission
could be used to construct an atomic pile to produce plutonium, and this
approach, which was already being pursued in the USA, was later to be
pursued in the UK. But in both countries it was decided initially to use
relatively cheap and abundant graphite as a neutron moderator rather than the
scarce and expensive heavy water. With insufficient resources to mount their
own heavy water program the British offered the expertise of von Halban's
group to the USA. It was thought that the group's experience with slow
neutrons using heavy water would complement the similar work being done in
Chicago using graphite. The Americans refused the offer mainly on the
grounds that the war-time European emigres in the team posed a security
threat they were not prepared to accept (26).
It was then proposed that the von Halban group should be moved to
Canada to work with Canadian scientists in facilities to be provided by
Canada. Both Dr. C.J. Mackenzie (President of the NRC) and C D . Howe
(Minister of Munitions and Supply) enthusiastically accepted this proposal
(27). Accommodation for the group was found in Montreal and they arrived in
Canada towards the end of 1942, bringing their stock of heavy water with
them.
11

One of the major objectives of the Montreal laboratory was to generate
design data for a heavy water moderated reactor, and it was hoped that by
1943 larger quantities of heavy water would be available to supplement the
small quantity already in their possession. The USA authorities had been
looking for a source of heavy water and had contracted with Consolidated
Mining and Smelting Corporation, a Canadian company, to set up a heavy
water production facility at its synthetic ammonia fertilizer plant at Trail,
B.C. (28). Construction had begun in September 1942 with expectations that
production would begin in 1943. However, only small quantities were
available in 1943 and scheduled production of half a ton per month was not
realized until 1944. Although the entire production at Trail had been
contracted for by the USA, it was agreed that the first six tons of heavy water
would go to von Halban's group in Montreal.
However, by early 1944, the staff at Montreal was becoming discontented with the way the program was going. Heavy water had been slow in
arriving and there had been some difficulty in getting supplies of uranium
(29). With no firm commitment to construct a heavy water reactor, it
appeared that the design work would remain just a paper study. There were
also some personality problems with von Halban who proved to be less able as
an administrator than as a scientist (30).
At the Quebec conference in 1943 President Roosevelt and Prime
Minister Churchill had created a Combined Policy Committee to coordinate
British-American collaboration in nuclear research, including the work of the
Montreal laboratory. Canada now turned to this Committee to obtain
agreement that the construction of a heavy water reactor in this country would
provide a useful contribution to the Allied nuclear war effort. The importance
of this project to Canada was stressed by Dr. C.J. Mackenzie in a letter to
C D . Howe shortly before a crucial meeting of the Combined Policy
Committee in April 1944.
In my opinion Canada has a unique opportunity to become intimately
involved in a project which is not only of the greatest immediate military
importance but which may revolutionize the future world in the same
degree as did the invention of the steam engine and the discovery of
electricity. It is an opportunity Canada as a nation cannot afford to turn
down. (31)
At a meeting of the members of the Combined Policy Committee in
Washington on April 13, 1944 the representatives of the USA, UK and
Canada agreed that Canada should build a heavy water reactor for the
production of plutonium from uranium (32). This momentous decision
marked the beginning of the nuclear age in Canada. It also provided an
immediate focus for the activities of the Montreal group and to lead them, Dr.
J.D. Cockroft was sent over from the UK to supervise the program. Work was
soon underway for the design of a 10 megawatt reactor (33).
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By May 1944, Defence Industries Ltd., a subsidiary of Canadian
Industries Limited established in the early part of the war to construct
munitions plants, had agreed to undertake construction of the new plant and in
July 1944 a tentative choice of Chalk River was made for the site of the new
laboratory and reactor complex. In the summer of 1944 plans had been
completed which called for the building of two reactors and two chemical
separation plants (34).
The first reactor was to be known as ZEEP, a zero energy experimental
pile, and was to be used for physics research. Information obtained irom
ZEEP was to help in the start-up of the second and much larger reactor, NRX.
ZEEP 'vas designed in the Ottawa laboratories of the NRC and NRX was
designed in Montreal.
The major purpose of the NRX reactor was to demonstrate the feasibility
of making fissile material in a heavy water reactor for atomic bombs and two
methods were to be used. The first was to irradiate natural uranium to produce
plutonium and the second was to irradiate natural thorium to produce
uranium-233 (35). As a result, two separation plants were needed to separate
the fissile materials from their respective starting materials. At that time it was
important that both methods of producing fissile materials be pursued since it
was not known how much uranium was available in Canada and thorium was
known to be a more abundant material than uranium.
The global war ended in August 1945 with the world's first demonstration of nuclear might, and with the Chalk River site only partially completed.
With the end of hostilities there were major changes at Chalk River. The
most visible ones were the changes in staff. Most of the British and emigre
scientists returned to their native countries and in November 1945, Dr.
Mackenzie was told that the UK wanted Dr. Cockroft back in England,
eventually to take charge of the British atomic energy program. In February
1946 the UK suggested Wilfred Bennett Lewis as a replacement for Dr.
Cockroft (36) and in September of that year Dr. Lewis arrived in Canada to
take over as Technical Director of the Chalk River establishment.
The period after the end of the war was one of uncertainty for the
Canadian program. The loss of foreign scientists and the increasing withdrawal of the USA from its period of active wartime collaboration, culminating in the MacMahon Act (1946) which made it an offence to transfer atomic
secrets from the USA to other countries, left Canada feeling uneasy about its
capacity to carry on the major nuclear program to which it was committed.
In order to help support the Canadian program, C D . Howe and Dr.
Mackenzie asked the UK to locate its production facilities for plutonium in
Canada, but the UK decided instead to build the reactors in England (37). It
could not afford a joint program with Canada and considered that reactors in
the U.K. were under better control than if they were built in Canada. The
announcement of this decision was made before the Canadian Government
had been informed and this led to some ill-feeling. Since it closely followed
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the withdrawal of Dr. Cockroft to head the UK program, a decision in which
Canada had also not been consulted, intergovernmental relations were left in a
strained condition and this too added to Canada's uneasiness.
It was in this climate that Canada began to give more thought to the
possibilities and their implications of its post-war role in atomic energy. It
was evident that many of the wide-ranging wartime security regulations
would soon be lifted, yet most of the secrecy surrounding Canada's nuclear
program would have to be maintained. It appeared that in the immediate
future the major use for the uranium which Canada possessed was to build
nuclear weapons so this material would have to be controlled. The research
program on which Canada had embarked with the active encouragement and
support of the USA and UK would likely continue in one form or another but
its transition from a war to a peacetime footing could be difficult.
Canada had emerged from the war as a leading nuclear country. Together
with the USA and the UK it had been privy to many of the discussions and had
contributed to many of the decisions which had led to the development of the
atomic bomb. For the first time in its history Canada had been admitted to the
inner circle of Great Powers. It was a heady experience, but the end of the war
threatened to leave Canada isolated. The commercial possibilities of nuclear
power, though distant, could clearly be seen and each country could be
expected to pursue this nuclear goal on its own. The expense of the effort
would be formidable and there was no certainty that a small country such as
Canada could afford to enter the chase.
The situation, however, was not all dark. Canada had shared a wealth of
nuclear information with the USA and UK, information which for many years
was to be denied to other countries. It had a substantial uranium deposit at
Port Radium and there was a prospect of finding more in the mineral-rich
Canadian Shield. It also had a small heavy water plant in B.C. although the
output from that plant had been contracted for sale to the US Government. It
also had Dr. W.B. Lewis who was destined to direct Canadian efforts to forge
heavy water and uranium into a uniquely Canadian and a uniquely successful
power reactor system.
But this was to be in the future. As it entered a new era of peace at the
end of 1945, the Canadian Government had to consider how it could pursue
its twin roles of custodian and developer in a responsible and statesmanlike
way. A legislative procedure for maintaining custody over its uranium and its
knowledge, while at the same time encouraging the development of atomic
energy, was now necessary.
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CHAPTER 3

Creation of the AECB
With the explosions of atomic bombs over Hiroshima and Nagasaki in
August 1945, the shroud of secrecy which had covered all wartime efforts to
develop atomic weapons was partially lifted. The world now realised that a
new and a fearsome threat to the future of mankind had been uncovered; a
threat which, if left uncontrolled, could destroy large parts of our civilization
but which, if used properly, held out a promise of an abundant energy supply
for future growth (1). It was evident that if benefits were to be enjoyed, and
disasters averted, some regime of strict control over atomic energy would be
necessary and that this control would have to be exercised at both the
international and the national levels.
International control would be complicated by the fact that only one
nation in the world, the USA, actually had possession of the bomb and the
know-how to produce more. Before America agreed to give up its bombs it
would require irreversible guarantees that other nations could never acquire
them. The existing stock of nuclear weapons could be destroyed, but the
know-how could not be erased. Without adequate safeguards, it would only
be a question of time before other nations were in a position to acquire a
nuclear capability. In the euphoric atmosphere of hope which followed the
end of the war such agreements were believed to be possible; indeed, most
people agreed they had to be possible. A framework for international
cooperation had been set up with the United Nations Organization and a
meeting of the Council of Foreign Ministers in Moscow in December 1945
agreed to ask this body to set up a commission to investigate the international
control of atomic energy.
In January 1946, the General Assembly of the United Nations, by
unanimous decision, created an Atomic Energy Commission composed of
delegates from each of the 'big 5' countries permanently represented on the
Security Council (USA, UK, USSR, France and China) together with Canada
and six other non-permanent members. The high wartime position Canada
had achieved through the development of atomic energy was being carried
further in peacetime by the inclusion of Canada as a permanent member of
this most important International Commission (2).
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The Commission was directed by the General Assembly to prepare
specific proposals for:
(a) extending between all nations an exchange of basic scientific information on peaceful ends,
(b) the control of atomic energy to ensure its use only for peaceful
purposes,
(c) the elimination of atomic weapons,
(d) effective safeguards by way of inspection and other means against the
hazards of violations and evasions (3).
The Canadian choice as senior representative to the Commission was
General A.G.L. MacNaughton, (later to be the first President of the Atomic
Energy Control Board) who had had a distinguished military career as
commander of the Canadian Forces in England, and who had also had a
distinguished scientific career as President of the National Research Council
from 1935 to 1944. His work on the Atomic Energy Commission was to lead
to a successful diplomatic career as Canada's permanent delegate to the
United Nations and as Canada's representative on the Security Council (4).
He was assisted by George Ignatieff as his political adviser and by Dr. George
C. Laurence, as his scientific adviser.
The first meeting of the Atomic Energy Commission took place in
temporary quarters in the gymnasium of Hunter College, New York, on June
14, 1946. The American delegation led by Bernard Baruch immediately put
forward a plan for the establishment of an International Atomic Development
Authority which would either own or control the atomic energy activities in
all nations. It would own all atomic energy materials in the ground, and all
atomic energy equipment and supplies. It would control all atomic energy
operations related to these materials, equipment and supplies and would
authorize their use only under a strict regime of inspection. The plan further
proposed that nuclear weapons could only be used to sustain the objectives of
the United Nations charter at the instigation of the Security Council and, in
this connection, it proposed that the rules of procedure of the Security Council
should be changed so that decisions relating to the use of atomic energy could
not be vetoed by one of the five Great Powers. Finally the US proposal
offered to surrender all its atomic secrets and atomic weapons to the
international authority once it had been established.
The Russian delegation immediately opposed the US plan. They argued
that international ownership of materials, equipment and supplies was
impractical and that unlimited inspection of facilities was inimical to national
sovereignty. The proposal to abandon the veto feature in Security Council
voting was particularly condemned since this would allow that body to make
decisions it could not carry out. Only unanimous decisions by that body
would carry sufficient authority to ensure compliance.
The Canadian position was that it accepted the US proposals 'in
principle', but it could see that the 'no veto' provision would make the
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proposals completely unacceptable to the Russians.
At the second meeting of the Commission five days later, the head of the
Russian delegation, Andrei Gromyko, presented his country's proposals.
These called for the outlawing of atomic bombs and the destruction of all
existing atomic weapons within three months, followed by the establishment
of methods of international control and inspection. This plan, which would
deprive the USA of nuclear weapons before controls were instituted, would
obviously be unacceptable to the Americans.
With two opposed sets of proposals on the table and with no immediate
prospect of reconciliation between them, the Commission turned its attention
from the political to the technical aspects of control and set up a subcommittee
to study whether the control of atomic energy was in fact feasible from a
technical and scientific point of view. This subcommittee was largely made
up of the scientific advisers to the national delegations and in September 1946
it produced the world's first report on the international application of nuclear
safeguards (5). Although the Russian delegate delayed approval for a while
the report was eventually issued as a unanimous document. It expressed the
view that on the basis of the available scientific facts, effective control of
atomic energy was technologically feasible.
The remainder of 1946 was spent in trying to reconcile the US and
Russian positions. The Canadian delegation proposed a work program which
would systematically examine the degree of control which an international
body would have to impose on the various types of atomic energy establishments to ensure that diversion of potentially dangerous materials would not
occur. More importantly a middle group of delegates, including Canada,
began to consider compromise wordings for the US proposal which would
water down or eliminate the 'no veto' provision (6). These efforts were in
vain and in December 1946 the US delegation, headed by Baruch, pushed
their proposals to a vote. The Canadian delegation was in a dilemma. Their
efforts to develop a compromise position had produced strained relations
between the USA and Canada and privately some of the delegates thought that
Baruch's inflexible attitude was a major contributing factor to the difficulties
facing the Commission. On the other hand, rejection of the US view would
result in incalculable consequences for Canada. When the vote was taken,
Canada supported the US proposals as did all the other delegates except
Russia and Poland who both abstained.
It was by now obvious that international control of atomic energy was
not going to be possible (7). The UN Atomic Energy Commission continued
to meet until May 1948 when its meetings were terminated. By then the 'cold
war' was well underway and the world had returned from the unrealistic hopes
it had enterta^ied during the months following the end of World War II to the
Realpolitik which seems to be its more natural state.
During the same year, 1946, that the UN Atomic Energy Commission
was trying vainly to produce measures for the international control of atomic

energy, individual countries were developing legislation for national control
within their own borders. These efforts were much more successful and in
most countries the proposed legislation was passed into law with a minimum
of opposition. An exception was the USA where the first bill introduced, the
May-Johnson Bill, met with opposition and criticism and was withdrawn (8).
A second bill, the McMahon Bill was presented in December, 1945 and after
considerable debate and some major modification was passed into law on
August 1, 1946.
In the UK, drafting of a bill began in early 1946. It was introduced in the
House oC Commons on May 1, 1946 and became law on November 6, 1946.
Its passage caused no major controversy although some scientists expressed
concern about the effects of secrecy provisions on the disclosure of scientific
information (9).
The first mention of Canadian legislation appears in a "Preliminary
Memorandum of Content of Proposed Act to Safeguard Uranium and Atomic
Energy", prepared by Lesslie R. Thomson, Special Liaison Officer in the
Department of Munitions and Supply (30). A copy of the memorandum was
forwarded to Dr. C. J. Mackenzie for comment on September 7, 1945. It
contained an outline of what should be included in the legislation including
powers to confiscate and expropriate, and powers to exercise supervisory and
police control. It mentioned the constitutional problems which could arise
because of provincial versus federal control over radioactive ores and pointed
out that liaison would be required with other national governments. It
recommended that administration of the legislation should be conducted by a
permanent committee of Ministers.
On September 20, 1945 Dr. Mackenzie wrote to C D . Howe suggesting
that a Commission similar to the one being proposed in the USA to control
atomic energy should be set up in Canada. Howe replied that he could see no
urgency as far as Canada was concerned, but noted that it would probably be
desirable to form a Board in Canada, probably with Mackenzie as Chairman,
V.W.T. Scully as Vice Chairman and with three other Ministers as members.
Howe suggested that Mackenzie consult the Department of Justice regarding a
draft Bill.
A very rough draft of a Bill was prepared by E.A. Driedger of the
Department of Justice in October 1945 which was forwarded to Dr.
Mackenzie and others. Various people, including Thomson, made comments
on, and revisions to, this draft and on March 11, 1946, G.M. Jarvis, Director
General of the Legal Branch of the Department of Reconstruction and Supply
(who was later to become Secretary and Legal Adviser to the Board) sent a
copy of the draft Bill to Thomson and to Charles Gavsie, Genera! Counsel of
the Department. After further revision the draft was discussed in April by an
Advisory Committee which included Mackenzie, Jarvis and Gavsie and then
forwarded by Gavsie to A.D.P. Heeney at the Privy Council Office. There
followed further discussions and revisions before Heeney on May 14, sent a
draft Bill to Howe for presentation to cabinet. The Bill was presented to the
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House of Commons for first reading on May 27, 1946. During the debate on
first reading the sponsoring Minister, C D . Howe, made the following points.
The Atomic Energy Control Board is primarily a policy board. There is
only one appointment to the Board that is ex officio and that is the President
of the National Research Council. .. The Government will be advised by a
commission [sic]...(! 1).
Thus the primacy of the policy development and governmental advisory
fur;>.•.&?,,!. of the Board were clearly stated at the outset. The further purposes
and iuiictions of the Bill were amplified by Howe during second reading.
The purpose of the Bill to be based on this resolution will be to encourage
research in this field, both public and private, while taking adequate
security measures against the use of the material from which atomic energy
is derived as a weapon of war (12).
The Bill .. .will provide for a Board that will continuously study the Held
of atomic energy. It will be the responsibility of the Board to propose
regulations designed to meet fresh situations as they develop . .. The Board
will be organized, and will function, much along the lines of the National
Research Council.. . There will be provision in the Bill for the incorporation of Crown companies and for the taking-over of existing companies
(13).
Opposition members questioned the ability of Parliament to exercise
legislative contrcl over the activities of this new Board, and Howe assured the
House that it would be the duty of the Chairman of the Privy Council
Committee on Scientific and Industrial Research to bring to the attention of
Parliament any Regulations or Orders issued by the Board. In addition, the
President of the Board could be summoned before any Committee of the
House.
There was little constructive or critical debate of the Bill. Most members
preferred to rhapsodize on the future benefits of atomic power and to
congratulate themselves that Canada had an important part to play in its
development.
The absence of criticism may be considered surprising in view of the
very restrictive nature of the legislation (described below), but with the
memories of atomic destruction fresh in their minds parliamentarians had no
difficulty approving a Bill which, if applied to a less potentially dangerous
subject matter, would probably have been considered contrary to democratic
traditions. The Bill passed third reading on June 18, 1946 (14) and was sent to
the Senate. The Senate view of the Bill was as approving as the Commons and
it was returned with no amendments except some minor modifications of
language which were accepted by the Commons. The Bill was assented to on
August 31, 1946 and proclaimed on October 12, of the same year.
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The Canadian Atomic Energy Control Act
The purpose of the Canadian Act was set out in the preamble which
stated:
Whereas it is essential in the national interest to make provision for the
control and supervision of the development, application and use of atomic
energy, and to enable Canada to participate effectively in measures of
international control of atomic energy which may hereafter be agreed upon;
therefore, His Majesty, by and with the advice and the consent of the
Senate and the House of Commons of Canada enacts as follows: (15)
The "control and supervision" was to be exercised by a five-member
Board, one of whom would be the President of the National Research
Council, while the other four, including a President for the Board, would be
appointed by the Governor-in-Council (which, in effect, is the Cabinet).
The Board was to advise the Chairman of the Privy Council Committee
on Scientific and Industrial Research on all matters relating to atomic energy
and was to comply with any general or special directives given it by the
Committee.
The Board was given a number of powers, some of which it could
exercise on its own account and others which required prior approval of the
Committee or the Governor-in-Council. On its own account the Board could
undertake, or cause to be undertaken, research and investigations with respect
to atomic energy. It could also appoint staff as it deemed necessary for the
purposes of the Act, but approval of the Committee was required to fix the
tenure and duties of employees, and approval of the Governor-in-Council was
required to fix remuneration.
The approval of the Committee was required to disseminate information
relating to atomic energy, which meant that the Committee, and not the
Board, had the final say on what information should be kept secret and what
could be released to the public.
With the approval of the Governor-in-Council the Board was given wide
powers to acquire any prescribed substances (16) and any mines, deposits or
claims of prescribed substances. It could also acquire patent rights and any
works or property relating to the production of, or investigations into, atomic
energy. In addition it was authorized, again with approval of the Governor-inCouncil, to license, sell or otherwise dispose of discoveries, patents,
apparatus or machines acquired under the Act.
In order to exercise the powers given to it under the Act the Board was
given wide regulatory authority and could, with the approval of the Governorin-Council, make regulations governing all phases of atomic energy including
research, mining, production and ownership, transportation and use of
prescribed substances. In general the Board was given the powers to make any
regulations it deemed necessary in order to carry out the purposes of the Act.
Another major section of the Act gave the Board powers, with the
approval of the Governor-in-Council, to create companies which could
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operate on behalf of the Board, and it could also assume the direction and
control of existing companies.
The powers vested in the Board, its authority to make wide ranging
regulations in support of its powers and its ability to create new companies or
take over existing companies as it deemed necessary, provided the Board with
a very large measure of legislative strength. Despite this array of powers the
Board was seen by C D . Howe, the Minister responsible for placing the
Atomic Energy Bill before Parliament, primarily as a policy Board whose
main functions were to advise the Government in matters of atomic energy.
Subsidiary, but still important, activities were to encourage research in the
field, both public and private, and to take adequate security measures against
the use of the material from which atomic energy is derived as a weapon of
war.
There would appear to be a discrepancy between the wide powers given
the Board and the Government's apparently limited intention of how they
should be used. It should be noted that during the framing of the Canadian
legislation there was consultation with the US and UK Governments who
were preparing similar legislation at the same time. Both these countries,
particularly the USA, had more to lose than Canada by producing legislation
which was not comprehensive and it is possible that, as a result of these
consultations, the Canadian Act was more wide ranging than it might
otherwise have been.
It should also be remembered, however, that the emergency wartime
regulatory system under which Canada had hitherto controlled atomic energy
was in the process of being dismantled and the consequences of a comprehensive decontrol of this new and potentially destructive form of energy could not
be considered lightly. Wartime controls had been used to expropriate
Eldorado Gold Mines and it was probably considered that a similar need to
expropriate another company might arise in the future. Crown Corporations
had been created by the Government during the war to carry out essential
Government projects and it might be necessary in the future for the
Government to create similar companies again.
It was necessary that the Act should continue to impose the wartime type
of controls on this one limited area of atomic energy, and this it succeeded in
doing. Despite the uncertainty of national and international conditions at the
time the legislation was prepared, and despite the economic, social and
cultural changes that occurred in Canadian society during the ensuing thirty
years, it was not until the late 1970s that serious consideration was given to
replacing the 1946 Atomic Energy Control Act. It must be concluded that the
original framers of the legislation were endowed with an above average
degree of prescience.
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The USA and UK Atomic Energy Acts
As mentioned earlier, the three western nuclear allies all passed atomic
energy acts in 1946 and in light of the comments made above it is instructive
to compare some of the differences and similarities in the approaches taken by
the three countries. Some differences were inevitable and related to different
constitutional structures, particularly between Canada and the USA. For
example, the reporting/responsibility function in the USA was assumed by the
US President whereas in Canada it was a Cabinet Committee and in the UK it
was a single Minister.
In the USA the Atomic Energy Act set up an Atomic Energy Commission of five full-time members, appointed by the President (with the consent
of the Senate) and reporting to the President. A general Advisory Committee
was also set up to advise the Commission on scientific and technical matters.
The Committee consisted of nine members also appointed by the President. In
addition a military liaison committee was formed to advise the Commission,
and its members were appointed by the Secretaries of War and Navy. In
Canada, as noted above, the Atomic Energy Control Board with five part-time
members was appointed by the Cabinet to advise the Government through a
Cabinet Committee, and in the UK a single Minister (of Supply) was put in
charge of all operations of the Atomic Energy Control Act (17).
The control by the legislature of the entities set up by the Atomic Energy
Acts in the three countries was also different. In the USA the Act established a
Joint Congressional Committee on Atomic Energy composed of nine members of each House, empowered to make continuing studies of the activities of
the Commission. The Commission was required to keep the Committee fully
and currently informed of its activities and the Committee was required to
report at regular intervals to Congress.
In the UK no provision was made for parliamentary control of the
Minister of Supply in the area of atomic energy activities. In fact, the
Government appears to have actively discouraged parliamentary debate on the
subject and often refused to answer questions because it would not be in the
"national interest" to do so. In one instance a back-bencher was primed to
ask an innocuous question on the development of modern types of weapons
including atomic weapons so that an innocuous reply could be given, thus
ensuring under British parliamentaiy rules that the same or similar questions
could not be asked again (18).
Early Canadian experience was similar, with members of Parliament
generally showing interest in atomic affairs but with the Government reluctant
to provide information. In February 1947, only six months after the Atomic
Energy Control Act had been passed, Mr. Howe was asked in the Commons
whether a Parliamentary Committee could be set up to examine atomic
energy. He replied that he doubted it would be advisable at that time (19).
Requests for a Parliamentary Committee were subsequently made by opposition members (mainly Howard Greene) at regular intervals, but it was not
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until 1949 that the first Committee was set up. It visited Chalk River in
November of that year and reported back to the House enthusiastically on the
work that was being carried out there. Much of the work was secret and some
papers could not be seen by members of the Committee because of security
classification. Nonetheless the Chalk River staff appear to have been excellent
at public relations and members of the Committee subsequently became
staunch supporters of the atomic energy program. They even recommended
that the new research reactor which Chalk River was proposing (later to
become NRU) should be allowed to go ahead. Despite the success of this first
parliamentary investigation into Canada's atomic energy program, the Government was reluctant to set up another committee. Repeated prodding in the
House by opposition members did not produce another committee "to
examine the operations of the Government in the field of atomic energy" until
1952(20).
The secrecy surrounding Canada's nuclear efforts was a continuation of
the intense secrecy which had surrounded all aspects of the wartime
development of the atomic bomb. The stringent security measures which had
been imposed by all three countries extended even to senior members of the
governments in each country. As an example, when the UK elected a Labour
Government in 1945, just before the atomic explosions over Japan, none of
the Ministers had even heard of the atomic bomb. They included the former
Deputy Prime Minister who became the new Prime Minister, Clement Attlee,
and a former leading member of the Coalition War Cabinet who became
Labour's foreign secretary, Ernest Bevin (21).
In Canada, where the most significant wartime atomic energy activity
was the provision of uranium to the UK and the USA for weapons production,
even the word "uranium" was not to be used unnecessarily. A Government
authorization to supply sixty thousand pounds of uranium oxide to the UK
referred to " a special chemical known as 42-17 grade Z " (22). In most
correspondence in those days, U-235 was referred to as " 2 5 " and heavy
water was known as "polymer" (23).
Even Russia was kept in the dark concerning the atom bo'nb. It was
never a subject on the agenda at the meetings between Roosevelt, Stalin and
Churchill and was first mentioned by Truman to Stalin only obliquely at the
Potsdam Conference two weeks before the first bomb was exploded over
Hiroshima (24).
Two factors ensured that the wartime secrecy would carry over into the
peace years. One was the failure of the UN Atomic Energy Commission to
provide any effective methods of international control of atomic energy and
the consequent slide of the victorious allied powers from an uneasy wartime
collaboration into the confrontations characterizing the "cold war" period.
The second was the revelation in September 1945 by Igor Gouzenko, a
cipher-clerk who defected from the Russian Embassy in Ottawa, of a Russian
atomic spy network. As a result of Gouzenko's information, Alan Nunn May,
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a scientist who had worked in the Montreal laboratory in Canada, was arrested
in England in March 1946. A second spy, Klaus Fuchs, a German refugee
who became a naturalized Briton and who had worked on atomic weapons at
Los Alamos during the war and later with the British weapons program at
Harwell, was arrested in February 1950. In September of the same year Bruno
Pontecorvo, who had also worked in the Montreal laboratory and later at
Harwell, went on holiday in Italy and surfaced in Russia. These revelations
and similar incidents in the USA (25) increased the security consciousness of
the western nations almost to the level of paranoia.
The secrecy with which governments wished to surround their nuclear
efforts is reflected in the Atomic Energy Acts of the three western countries.
Each imposed penalties for the contravention of secrecy provisions, with the
USA, which already possessed the bomb and therefore had the most to lose,
providing the most severe retribution.
The Canadian Act empowered the Atomic Energy Control Board to
make regulations for keeping certain information relating to atomic energy
secret, and the penalty upon indictement and conviction for contravening the
regulations could be up to five years in prison, a $10,000 fine, or both.
In the British Act, information was not to be transferred to people not
authorized to receive it, except with the consent of the Minister (of Supply).
The penalty on indictement and conviction would be penal servitude for up to
five years, or a fine of up to £ 500, or both (26).
By contrast with the UK and Canadian Acts, the penalties in the USA
were draconian. No information on the use of atomic energy for industrial
purposes could be exchanged with other countries unless Congress declared
that effective safeguards had been established. The maximum penalty for
disclosure of such information "with intent to injure the United States"
would be death or imprisonment for life.
The effect of security regulations on the dissemination of information
about atomic energy was not what might have been expected from the severity
of the penalties. It was also probably not what might have been expected
considering the relative political backgrounds of the two countries standing at
the extremes, the UK and the USA. The UK, as a mature democracy, may
have been expected to adopt a more relaxed attitude towards secrecy than its
trans-Atlantic neighbour. The US, on the other hand, with its melting pot of
immigrants many of whom had uncertain backgrounds and some of whom
may have had uncertain loyalties, may have been expected to be more rigid.
However, as Gowing notes, the opposite was the case. The Government in the
UK, by limiting discussion in Parliament, and by the use of D-Notices to the
Press (27), kept the British public in considerably greater ignorance of nuclear
affairs than in the USA. In the USA by contrast " . . .press coverage of all
aspects of atomic energy was full and well informed and newspaper debate
and discussion were wide-ranging and uninhibited" (28).
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The emphasis on security which has been given in this section is
necessary to remind the reader of how security conscious all the western
nuclear powers were in the years just after the Second World War. It was in
this atmosphere that Acts were passed and Regulations were published. The
breadth of powers given under the Acts could be seen as heralding a ' 'police
state" but in the event, the application of the powers, while providing minor
nuisances to some, had little direct effect on the bulk of the population. Even
scientists, whose desire to publish is only exceeded by their desire to know,
found that they could exist and indeed flourish within the limits imposed by
government restrictions.
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CHAPTER 4

Early Operations of the Board
The operations of the Atomic Energy Control Board can be conveniently
divided into two consecutive time periods. The early period, which will be
dealt with in this chapter, covers roughly the first decade of its existence from
the mid 1940s to the mid 1950s and ends with the Board in decline. During
the second period from the mid 1950s to the present, the activities of the
Board increased, slowly at first and then with increasing momentum during
the decade from 1970-1980. An overview of this second period will be the
subject of the next chapter and it will provide a framework for the subsequent
chapters which will describe various aspects of the evolution of the Board
during this second period in more detail.
The first period starts with the creation of the Atomic Energy Control
Board in 1946 and the part-time nature of the Board set up under the Act was
very evident. The first President appointed by the Government was General
A.G.L. MacNaughton who, as noted earlier, was also Canada's leading
representative to the UN Atomic Energy Commission. His split duties kept
the General busy commuting between UN Headquarters in New York and the
Board's offices in Ottawa. The other members of the Board also held full-time
jobs. The ex officio member, also President of the National Research
Council, was Dr. C.J. Mackenzie. Other members were George C. Bateman,
who had been wartime Controller of Metals in the Ministry of Munitions and
Supply and had now returned to private life as a mining consultant; Dr. Paul
E. Gagnon, Director of the Department of Chemistry and Chemical
Engineering, Laval University, Quebec; and V.W.T. Scully, Deputy Minister
(Taxation), Department of National Revenue, Ottawa. The appointment of all
these Board members was effective September 26, 1946 with Gen. MacNaughton and Mr. Bateman being appointed for three year terms and Dr.
Gagnon and Mr. Scully for two years (1).
At the beginning of 1948, General MacNaughton was appointed by the
Government as the Canadian permanent delegate to the United Nations and as
Canada's representative on the Security Council. Since he would now be
almost full-time in New York, General McNaughton offered his resignation
as President and member of the Board. The position of President was then
offered by C D . Howe to Board member G.C. Bateman, who consulted with
some of his clients and when they objected to him taking the position,
declined it. Mr. Howe then offered the presidency to Dr. Mackenzie, with
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some reluctance knowing that he was already overworked (2). Dr. Mackenzie
accepted the new responsibility and was appointed President on March 16,
1948 (3).
General MacNaughton's vacancy on the Board was filled by W.J.
Bennett who had been Executive Assistant to C D . Howe in the Ministry of
Munitions and Supply and who had subsequently been appointed as President
of Eldorado Mining and Refining Ltd. in 1947.
Three officers were appointed to assist the Board: Col. W.R. Sawyer,
Assistant to the President and Scientific Adviser; G.M. Jarvis, Legal Adviser
and Secretary to the Board and Dr. D.J. Dewar, Assistant Scientific Adviser.
These officers were assisted by a minimum clerical staff. The small staff was
consistent with an early policy developed by the Board, which was to have far
reaching consequences in later years, " . . .to keep staff at the minimum
consistent with proper performance of the Board's functions" (4). The level
of staffing, adopted in 1946, was not to be significantly increased for the next
20 years. During this period the resources of other Government departments
were called upon by the Board and already by 1947-48 the Board noted with
satisfaction in its Annual Report that "arrangements made with the Departments of Mines and Resources, Trade and Commerce and National Revenue
have made it possible to carry on the administration of the regulations so far
without taking on additional staff" (5).
The decision by the Board to limit its operating staff was consistent with
the functional structure of the atomic energy industry at that time. The two
major sectors of the industry were the research sector being operated by the
NRC at Chalk River, Ontario, and the uranium mining and refining sector
being operated by Eldorado Mining and Refining Limited at Port Radium in
the Northwest Territories and Port Hope, Ontario. Both of these organizations
were capable of running their own affairs and neither would look favourably
on the Board interfering with their operational responsibilities. The Board was
intended to provide a policy advisory role in the control and direction of each
organization and, while this type of role could be broadly interpreted, the
presence of the Presidents of both organizations as members of the Board
provided additional assurance that there would be no undue involvement by
the Board in their affairs.
In addition to the administration of the two industry sectors a third major
function of the Board at this time was the making and administration of
Regulations under Section 9 of the Atomic Energy Control Act. At the first
meeting of the Board on October 16, 1946 the Legal Advisor was directed to
prepare draft Regulations and these were discussed, approved and issued by
April 1, 1947.
The three functional areas for which the Board was responsible during its
early operations, regulations, mining, and research will be discussed separately in this chapter (6).
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Regulations
With the passage of the 1946 Atomic Energy Control Act, the Atomic
Energy Control Board was armed with powers to make Regulations with
which it could control all aspects of atomic energy within Canada. One of the
first duties of the Board was to draft and then publish Regulations which
would enable it to fulfill the mandate given to it under the Act and as will be
seen below the Regulations conformed with the nature of the Act by being
very comprehensive in their scope. The Regulations of 1947 (7) occupied ten
pages of the Canada Gazette and the following discussion presents only a
paraphrased form of the highlights.
The first major section of the Regulations directed that "dealing in" (8)
prescribed substances such as uranium, thorium, radioactive isotopes and
deuterium would be allowed only after provision of an Order by the Board,
with minor exceptions involving small quantities and/or low concentrations.
Every person dealing with prescribed substances had to keep adequate
records as required by the Board and present these records for inspection
when requested. The dealer's premises were also subject to inspection to
ensure compliance with the Board's Orders. In addition, any imports and
exports of prescribed substances required a permit from the Board. Prospectors or other persons who discovered uranium or thorium deposits had to
inform the Board immediately of the find and provide full details of the
location of the deposit and its character, composition and possible extent.
Security provisions restricting the disclosure of information on all
aspects of atomic energy had to be stringently enforced, and certain premises
could be designated as "protected places" by the Board in which case they
could then only be entered by designated personnel.
Patents relating to atomic energy could be prohibited or restricted by the
Board, but if this were to occur the Board could indemnify the applicant for
the patent by asking the Exchequer Court to assess adequate levels of
compensation.
The information concerning a company's activities that the Board might
acquire as a result of these Regulations was considerable and as a protection
against untoward disclosure of information which could be considered
confidential to the company, the Board could not divulge this information
except to other federal and provincial government departments or during any
prosecution for an offence under the Act.
The Government allowed the Board to assume wide powers of requisition and expropriation under the Regulations, although these powers could
only be exercised with the approval of the Governor-in-Council. The Board
could requisition the title to, or interest in, any prescribed substances and any
patent rights relating to atomic energy, and any works or property for the
production of, or research into, atomic energy. The Board could also
expropriate any mines, deposits or claims of prescribed substances and any
works or property for the production of, or research into atomic energy. In
35

cases of requisition or expropriation, compensation could be paid to the
previous owner upon terms to be decided by the Exchequer Court.
A more positive aspect of the Regulations ensured that the Board, as far
as practicable, should make prescribed substances available to universities,
hospitals or research institutions for research, investigation and training
purposes. The Board had first to satisfy itself that the purpose of use, the
equipment and the qualifications of the persons using the prescribed substance
and the precautions to be taken in its use to protect other persons and property
from damage were adequately dealt with before an Order permitting such use
would be issued.
In general, the Board was permitted to act and issue Orders in respect of
any person or persons as the Board might specify, in any place (e.g. province,
zone or locality) designated by the Board, in relation to any trade, industry,
occupation, profession, organization, etc. as the Board might specify, and
over any period of time as the Board might determine.
The powers conferred on the AECB by the Atomic Energy Control Act
and detailed in the Atomic Energy Regulations are considerable. As Doern
points out:
Given the Act's conception in the security conscious environment of the
post-war period, the scope and breadth of the powers it conferred are
understandable, but are nonetheless extraordinary compared with the
arsenals of other regulatory agencies (9).
Most of the regulatory powers listed may be exercised directly by the
Board without the approval of the Government. The only Orders issued under
the Regulations which required prior approval of the Governor-in-Council
were those concerned with expropriation and requisition.
Not only were there few statutory controis on the Board's functions,
there were also no provisions for parliamentary hearings into its regulationmaking and licensing functions. According to C D . Howe, when introducing
the Atomic Energy Control Act, it would be the duty of the Chairman of the
Privy Council Committee on Scientific and Industrial Research to bring to the
attention of Parliament any Regulations or Orders issed by the Board, but no
mention was made of providing time to discuss these Regulations or Orders
(10). A post hoc parliamentary examination would be possible since Howe
promised that the President of the Board could be summoned before any
Committee of the House. But as noted earlier, forming a special Committee to
examine atomic energy affairs proved to be a difficult operation.
With such a weak arrangement for parliamentary control over the
Regulations and Orders issued by the Board, it was not surprising that public
participation in the process was not provided for at all (11). The regulationmaking functions were governed by the Statutory Instruments Procedures Act
and Regulations were published in Part II of the Canada Gazette, but the
AECB was not a court of record and did not hold public hearings as part of its
regulatory-making and licensing functions. There was no appeal provision
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made in the Regulations, in fact Section 800(2) stated unequivocally that
"every order made under these Regulations shall be final and binding unless
and until it has been reviewed and varied or vacated by the Board." The
overriding nature of the Orders issued by the Board was apparent from
Section 803 which stated that any person failing to fulfill a contract or
obligation as a result of an Order issued by the Board could use the Order to
hold him harmless from any action or proceeding taken against him in respect
of such failure.
It is apparent that the importance of atomic energy and its evolution for
the good of Canada made the Government of the day feel that the controlling
body should have wide powers so that its development should occur only
under the tightest possible control, and that the secrecy of the process should
not be compromised by public intervention or public hearings. It should be
remembered however, that at the time the Regulations were issued it was not
usual for any regulatory agency to make provision for public participation in
the regulatory process or in decisions arising from it. This was a concept
which was many years in the future.
A second major omission in the 1947 Atomic Energy Regulations was
the absence of any significant reference to health and safety. The physical
security of prescribed substances, prescribed equipment and information was
well provided for in the Regulations but the only reference to the security of
persons occurred in a brief mention in Section 402, "every person dealing in
any prescribed substance or prescribed equipment shall in relation thereto take
all reasonable and proper precautions for the protection of persons and
property against injury and d a m a g e . . . " Many of the hazards involved in
using nuclear materials were well known in 1947 but it appears to have been
considered sufficient for the Board to issue Orders which would make
reference to considerations of personal safety without specifying what level of
hazards could be present or how much risk would be accepted.
Despite some weaknesses, the 1947 Regulations (12) served the Board
well during its first decade but, as will be noted in the next chapter,
substantial revisions were required as the Board proceeded to its second
evolutionary period.

Mining — Eldorado Mining and Refining Limited
Under the provisions of the 1946 Atomic Energy Control Act (13) the
Board was given powers to " . . . acquire or cause to be acquired by purchase,
lease, requisition or appropriation, prescribed substances and any mines,
deposits or claims of prescribed substances..." (14). The Board was also
given legal authority to make regulations under the Act:
"(c) respecting mining and prospecting for prescribed substances;
(d) regulating the production, import, export, transportation, refining,
possession, ownership, use or sale of prescribed substances" (15).
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In addition the Board could assume control of companies by transferring their
shares to the Board (16).
These were all powers which the Board could use to regulate the uranium
mining industry and were all extensions of powers which had already been
exercised by the Government during the war under Emergency Regulations.
The Atomic Energy Control Act simply carried over into peacetime the types
of control that the war had made necessary and that it was considered
advisable to continue.
At the time the Act was passed, this legislative armament was directed at
only one uranium company and only one uranium mine. The company was
Eldorado Mining and Refining Limited and the mine which it owned was at
Port Radium in the Northwest Territories. A short history of Eldorado will
provide a background for its subsequent relationship with the Board.
The company had been established as Eldorado Gold Mines Limited by
Gilbert Labine in 1926 to develop gold deposits in Manitoba. In 1930, Labine
had discovered uranium and radium bearing ores at Port Radium on the shores
of Great Bear Lake in the Northwest Territories and the mining of these ores
for radium was begun in 1932 (17). At that time radium was in demand for
use in the treatment of cancer and for the preparation of some types of
luminous compounds. The only other major radium mine in the world was in
the Belgian Congo, owned by a Belgian company, Union Miniere de Haut
Katanga. Radium at that time was selling for $70,000 per gram and the
Belgian company's monopoly was soon challenged by Eldorado.
In 1932, Eldorado acquired a disused seed-cleaning plant at Port Hope,
Ontario, about 60 miles east of Toronto and set up a plant to extract radium
from the ore concentrates. Although the refinery plant was four thousand
miles from the mtne, the decision on its location made logistical sense since
about seven tons of chemicals were needed to treat one ton of concentrates
and Port Hope was close to the suppliers of chemicals. The first delivery of
Canadian-produced radium was made in 1933 and by 1938 Eldorado was
producing 2.5 grams per month. Most of the uranium which was separated
from the radium during the refining process was considered a waste product
with only small amounts being sold for use in coloring glasses and ceramics.
With the outbreak of war the demand for radium diminished as the
traditional markets became dislocated. Eldorado had substantial inventories of
radium on hand and in 1940 a decision was made to close the Port Radium
mine. By 1942, the UK and USA Governments had decided to explore the
possibilities of using uranium for weapons production and uranium suddenly
was in great demand. The mine at Port Radium was re-opened (18) and the
refinery at Port Hope turned to extracting uranium rather than radium from the
ores. All this was accomplished under conditions of great wartime secrecy
(19). To maintain effective control of this source of uranium it was clearly
desirable that the Government should have direct financial control of
Eldorado. To this end a secret agreement was concluded between C D . Howe,
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representing His Majesty the King in right of the Dominion of Canada, and
Gilbert Labine, the majority stockholder in Eldorado, for the purchase of
Labine's 1,000,303 shares of Eldorado's stock at a price of $1.25 per share.
Howe also authorized Labine to buy as many of the rest of Eldorado's shares
(3,905,046 shares of a par value of $1.00 each) as he could up to a maximum
of 2,000,000 shares, without disturbing the market (20). Funding for this
purpose was approved by a secret Order-in-Council P.C. 6083 dated July 15,
1942.
The UK and the USA knew of, and encouraged, the move by Canada to
secure control of this vital resource. In fact the UK wanted a piece of the
action and Malcolm MacDonald, the UK High Commissioner to Canada,
suggested to Howe that the shares being acquired in Eldorado should be split
three ways between the UK, the USA and Canada. Howe was not receptive to
this idea (2 i).
In June 1943, the company's name was changed from Eldorado Gold
Mines Ltd. to Eldorado Mining and Refining Ltd. The Canadian Government
still did not have majority control of the company and in early 1944 it decided
to compulsorily acquire all outstanding shares in Eldorado and form the
company into a Crown Corporation (22). The price offered for the shares was
$1.35 each and by the end of October 1974, 88.4% of the shares had been
surrendered to the Government leaving 453,504 shares outstanding (23). As
might be expected, the Government received a considerable number of letters
from irate shareholders, both in Canada and abroad, who had paid more than
$1.35 for their shares, but despite threats of litigation the Government insisted
to all of them that the compensation was fair considering the performance of
the company as shown by its stock market evaluation (24).
With the end of the war in 1945, Eldorado possessed the only uranium
facilities in Canada and the regulatory requirements imposed as a result of the
Atomic Energy Control Act on other possible entrants into this field were
considered sufficient to ensure complete government control of this resource.
There could be a source of future conflict with the provinces over uranium
because under the BNA Act the management of natural resources has always
been considered a provincial responsibility but, in answering questions on this
point during second reading of the Act, Howe pointed out that these
difficulties did not arise because the known deposits at that time were all in
the Northwest Territories. If and when uranium was discovered in the
provinces " . . . there will be a problem as between the Board and the
provinces to determine the best manner of dealing with provincial rights to the
mineral... there is an overriding national interest in the product which should
make that fairly simple when the time comes" (25).
The "overriding national interest" was to be tested some years later in
two court cases which questioned the right of the federal Government to
legislate in areas of uranium mining. In both cases the federal position was
upheld and these two cases are now regarded as providing a measure of
judicial confirmation of the validity of the Atomic Energy Control Act.
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The first case, heard on August 31, 1956, was Pronto Uranium Mines
Ltd. vs. Ontario Labour Relations Board (26) in which the issue to be decided
was whether trade unions' certification of the Pronto Uranium Mine should lie
within the juridsiction of the federal Industrial Relations Board or the
provincial Ontario Labour Relations Board. The judgement was that the
control of atomic energy fell within the powers of Parliament as stated in the
opening words of S.91 of the B.N.A. Act, "to make laws for the peace, order
and good government of Canada.'' Hence the production of the raw materials
for developing atomic energy was within the legislative authority of ihe
federal Parliament and the labour relations involved in this production were
therefore within federal and not provincial jurisdiction.
The second case, heard on December 18, 1972, was Denison Mines Ltd.
vs. the Attorney General of Canada, which arose from an attempt by Denison
Mines to sell a substantial number of its shares to a foreign company, and a
threat by the Government that it would prohibit such a sale. Denison sought a
ruling that the Atomic Energy Control Act was now ultra vires (beyond the
legal power of) the Parliament of Canada because changes in the world
situation since 1946 had decreased military and increased civilian demands
for uranium so that it could be freely bought all over the world. Also the
International Atomic Energy Agency was now responsible for international
safeguards and its status had been enhanced by the Non-Proliferation Treaty
of March, 1970 which Canada had already ratified. These arguments were
struck down in the judgement which pointed out that for Canada to effectively
participate in the international controls it must have internal control. The
opinion was also expressed that Parliament still had the power to pass laws for
the control of atomic energy (27).
When the Atomic Energy Control Act was passed the administration, but
not the operation, of research (in the form of the Chalk River establishment)
was taken over by the AECB, but the administration and operation of mining
(in the form of Eldorado) remained with a Crown Corporation reporting
directly to the Minister. The major reason given for this was that it did not
seem wise, at the time the Act was passed, to change the direction of control
of the company while litigation against it (over the question of shares
expropriation) was in progress (28). However it was at that time the intention
of the Government that the Board should take over control and direction of
Eldorado in due course, although this in fact never happened (29). It was
possible that the personalities concerned played a major role in this decision.
The President of Eldorado in 1947 was W.J. Bennett who had been Executive
Assistant to Howe during the war. As President, Bennett at first reported
directly to Howe and he is likely to have wanted this direct relationship to
continue without the assistance of an intermediary such as the AECB. Howe
would appear to have agreed with this arrangement.
The status of Eldorado as a Crown Corporation reporting directly to a
Minister without the intervention of a regulatory body has continued up to the
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present day. Nevertheless the AECB has had, and continues to have,
influence on the activities of Eldorado through the provisions of the Act and
the Regulations which govern all aspects of uranium production and supply.
Research —The Chalk River Project
It has been noted previously that as a result of a war-time decision by the
Combined Policy Committee in April 1944, Canada would construct a heavy
water reactor for the production of plutonium and U-233 to be used in atomic
weapons. A site was chosen at Chalk River, Ontario, and construction was
started on a complex which would include a large research reactor (NRX), a
small experimental reactor (ZEEP) and two small scale separation plants, one
to separate plutonium from uranium and the other to separate U-233 from
thorium. The complex was being built and would be operated by Defence
Industries Ltd. (DIL) but it was lot completed by the time the war finished in
August, 1945.
Under the provisions of the Atomic Energy Control Act, the Board
assumed responsibility for the control and administration of the Chalk River
project as from December 1, 1946 (30). With the end of the war, DIL was
reluctant to continue with its agreement to operate the site and it urged the
President of the AECB to arrange for NRC to take over complete operating
responsibility. This was accomplished effective February 1, 1947, with DIL
retaining responsibility to complete construction of the works then authorized
and in hand, and with additional works to be dealt with by the National
Research Council. As the Annual Report of March 31, 1947 notes: "The
takeover of operation was accomplished without interruption of the work and
both operation and completion of construction are proceeding satisfactorily"
(31).
It is open to question how much real authority or influence the Board had
over the operations of Chalk River. As of March 16, 1948 the NRC and the
Board had the same President, Dr. C.J. Mackenzie. Appropriations for the
operation of Chalk River were submitted by the Board and, in the first full
year of its operation, expenditures at Chalk River amounted to $6 million.
Appropriations by the Board for its own administrative expenses during the
same year were $30 thousand. By the time the AECB relinquished direct
control in 1954, expenditures on behalf of Chalk River (which by then had
become Atomic Energy of Canada Ltd.) had risen to $20 million, while Board
expenditures on its own behalf were only $40 thousand.
Relative expenditures by themselves should not be endowed with
unnecessary significance but they do illustrate the small staff resources which
were available to support a Board of part-time members compared with the
size of the organization it was administering, and they lead to questions of
how effective this staff could have been in providing an objective commentary
on the financial estimates provided by Chalk River to the Board which were
then forwarded with approval to the Government. It is apparent from the
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minutes of Board meetings that Chalk River estimates were usually agreed to
by the Board with little discussion.
In 1952, the Chalk River project was removed from the operational
control of the NRC and created as a Crown Corporation, Atomic Energy of
Canada Limited, but it was still under the administrative control of the AECB.
In 1954 C D . Howe piloted through the House some major amendments
to the Atomic Energy Control Act, one of which provided that AECL should
report directly to a Minister and not to the Board. The Board now had no
direct involvement with either of the two major operational units of the
Canadian nuclear industry — research and uranium mining. Although the
Board, AECL and Eldorado Mining and Refining Limited all reported to the
same Minister, there was no longer a direct administrative linkage between
any of the three organizations (32).
A consequence of the 1954 amendment to the Act was the separation of
control from the operational responsibilities for atomic energy in Canada and
in recent years this has been seen as a desirable situation (33), but it does not
appear that this separation, as proposed by Howe, was motivated by
considerations of political or administrative theory. It is apparent from
remarks he made in the debate that, although atomic energy operations were
expected to expand rapidly, a similar expansion in the role of the Board was
definitely not envisaged. In fact, its role was seen to be a diminishing one. As
he explained to the House:
I hope the day is not too far distant when many of the controls now in effect
can be removed (34).
We are still retaining the control functions, and only the control functions,
in the Atomic Energy Control Board, and it is my thought that in a year or
two or three those control functions may no longer be necessary (35).
In answer to a question as to why, in the amendment to ths Act, the
number of meetings of the Board had been reduced from four to three
annually, Howe stated:
. . . there is really not enough business to warrant four meetings a year. As I
said, the duties of the Control Board are diminishing and it is felt that three
times a year will be sufficient (36).
It is clear that the 1954 amendments to the Atomic Energy Control Act,
by removing AECL from the responsibility of the AECB, left the Board with
considerably reduced powers. In addition, the security aspects of the Board's
operations which had been paramount in i946 were rapidly being eroded as
more and more information was released for public consumption. This trend
culminated in the outpouring of information by all nations at the first UN
Conference on the Peaceful Uses of Atomic Energy in 1955.
Despite its impressive legislative powers and the comprehensive regulations it had produced to enforce them, by 1954 the major administrative and
policy formulating roles of the AECB in the control of atomic energy had
either been usurped by other agencies or were dwindling in importance. The
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roles of the Board had been diminished to a size consistent with its staff of two
full-time professional employees and its activities were to continue at a low
ebb for many years.
Unfortunately, the low ebb of the Board coincided with the beginning of
considerable expansion of atomic energy in Canada. The nature and extent of
this expansion will be detailed in subsequent chapters (Chapters 6 through
10). With the Government sanctioning a reduction in the administrative
responsibilities of the Board in all these areas, it is not surprising that the
seeds of many of the Board's subsequent problems can be traced back to the
decade following the 1954 amendments to the Atomic Energy Control Act.
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CHAPTER 5

Subsequent Evolution of the Board
With the passage of the 1954 amendments to the Atomic Energy Control
Act, the Government of the day expected the role of the AECB in the
regulation of atonic energy in Canada to be a diminishing one. Research was
to be carried out by the Crown Corporation, Atomic Energy of Canada
Limited, and uranium mining activities were to be directed by another Crown
Corporation, Eldorado Mining and Refining Limited. Both of these companies were expected to carry out their functions on behalf of the Crown
without any major input from the Board. The remaining atomic energy
activities in Canada were still to be subject to Board regulations but with the
removal of research and mining their extent in 1954 was small. With the
advantages of hindsight it can be seen that this assessment was faulty, and that
in the mid-1950s atomic energy in Canada was poised for a long period of
significant growth. If this growth were to be adequately controlled, vigorous
and widespread action would be needed by the regulatory authority.
There were at the time several indicators of the impending growth. In
1953 a commitment by the Government to nuclear power had been made with
the decision to begin a design study for a demonstration nuclear power plant.
If this plant was successful it would likely be followed by other and larger
plants, all of them requiring regulation. Also in 1953 Eldorado had opened its
Beaverlodge Uranium Mine in northern Saskatchewan, the first uranium mine
in Canada after Port Radium. Explorations for other uranium deposits were
being carried out in several parts of Canada and other mines were expected to
open in the near future. In fact by the end of the decade twenty-five uranium
mines had been opened in Canada, eighteen of them with processing facilities
to produce ore concentrates. The Port Hope refinery meanwhile woi'ld be
enlarged to cope with the new flood of ores. In 1952 cobalt-60 therapy
treatment for cancer was first introduced into Canadian hospitals and there
was intense interest in using radioisotopes and related equipment in many
areas of research, industry and medicine. In 1952 AECL had established a
Commercial Products Division to handle this expanding business in a
profitable manner.
All these production activities which presaged the growth of a considerable Canadian nuclear industry required control and all of them could produce
health and safety issues which would also require control. In 1959, five years
after C D . Howe had predicted the decline of the Board, the responsible
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Minister in a new Conservative Government, Gordon Churchill, provided a
reassessment of the Board's role which, while acknowledging a reduction in
the Board's activities in some ?reas, heralded an increase in others.
With the uranium industry in full operation and with most of the
information relating to the peaceful uses of atomic energy declassified, the
Board's duties in connection with prospecting and mining and with security
matters have been lightened considerably. Its responsibilities in health and
safety matters, however, have increased, partly because of the increasing
use of radioisotopes in industry and medicine, but mostly because of the
nuclear reactor projects outside of Chalk River (1).
In this chapter the evolution of the AECB from the mid 1950s to the end
of the 1970s will be briefly outlined from three perspectives. The first will
relate to the Presidents of the Board during the period and the major problems
they faced, the second will trace the evolution of the Board's regulations
which had to change to cope with an unfolding nuclear industry in Canada,
and the third will briefly describe the expansion of the Board staff.

The Board's Presidents
The President of the Board during the first part of the period under
consideration, up to 1961, was Dr. C.J. Mackenzie (2). When AECL was
created in 1952 Dr. Mackenzie had relinquished his position as President of
NRC to become President of the newly formed Crown Corporation for its first
year of existence. In 1953, at the age of 65, Dr. Mackenzie retired as
President of AECL, but retained his presidency of the AECB. Until his
retirement from AECL he had been the doyen of atomic energy in Canada,
shepherding the program from temporary wartime quarters in Montreal to one
of the largest and most successful nuclear research and development projects
in the world at Chalk River.
Dr. Mackenzie's position as President of AECL was taken over by W.J.
Bennett, who was also the President of Eldorado Mining and Refining
Limited. Bennett was a staunch supporter of private enterprise and in his role
as President of Eldorado he encouraged the private sector to get into uranium
exploration and mining. In his role as President of AECL he persuaded
Canadian industry to take an early and active interest in the development of
nuclear power (3). He operated his two Crown Corporations in conformity
with good corporate practice almost as if they were private companies and
there were no attempts by the AECB to become involved in their operating
problems. With Dr. Mackenzie's retirement from AECL, Bennett took over
his mantle as senior atomic energy manager in Canada (4).
Although Dr. Mackenzie retired from AECL in 1953, he was far from
inactive (5). He worked under contract to AECL and took up several company
directorships, but these activities meant that he was very much a part-time
President of the AECB. He appears to have accepted the Government's view
of a slow decline in the activities of the Board and treated his position
accordingly.
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The first indication that there could be a major expansion in the
responsibilities of the Board came with the application from McMaster
University for permission to install a small research reactor on its campus.
Other university applications for nuclear research facilities were expected and
the work load these applications would provide to the sole scientific adviser
employed by the Board would soon become excessive. Dr. Mackenzie's
response was to fall back on a device which had served him well in his NRC
days, the creation of a committee of part-time experts to provide advice to the
Board (6). Thus a part-time Reactor Safety Advisory Committee (RSAC)
consisting of federal, provincial and university experts, was set up in 1956
under the chairmanship of Dr. G.C. Laurence, the Director of the Reactor
Research and Development Division of AECL, to assess applications for
reactor licences and provide advice to the Board.
When Dr. Mackenzie retired as President of the AECB in 1961 his
position was taken by Dr. Laurence (7) who also had a research background,
first with NRC and then with AECL. Dr. Laurence did not have Dr.
Mackenzie's background of bureaucratic politics in Ottawa and at first he
considered his new job as a technical rather than a political one. As a result,
although his position with the Board, unlike Dr. Mackenzie's, was full-time,
he maintained his residence at Chalk River, close to his sources of technical
information, and commuted to Ottawa for the first two to three years of his
presidency. After that period he recognized that his full-time presence in
Ottawa was needed and he became a truly full-time President of the Board.
During the 1950s when the Board staff in Ottawa consisted of only two
members, Dr. Dewar and Mr. Jarvis, considerable assistance had been
obtained from other government departments in administering the Board's
regulations. The Dominion Department of Health and the Ontario Department
of Health in the field of radioisotope safety, and the Geological Survey and
the Mines Branch of the Department of Mines and Technical Surveys in the
area of uranium exploration and development had all provided yeoman
service. However, there is a fine line to be drawn between assistance readily
accepted and pressures to invade another department's area of responsibility.
When Dr. Laurence took over in 1961 the Board staff in Ottawa were aware
of these encroachment pressures and, without a strong staff position and with
a sometimes absent President, they were hard to resist. The situation
improved after Dr. Laurence moved to Ottawa full time, but it continued for a
while particularly with respect to the then Deputy Minister of the Department
of Mines and Technical Surveys. The Department and both the AECB and
AECL all reported to the same Minister, and the Deputy Minister tried to
manoeuvre both agencies into a position where they would report to him
rather than directly to the Minister. He did not succeed due to the strong stand
taken by the Presidents of both agencies and relations with the Department
subsequently improved.
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On the whole, however, relationships with most other departments were
good. Dr. Mackenzie had instituted an arrangement whereby the Deputy
Ministers of departments whose mandates impinged on the activities of the
AECB were invited to sit in as observers at Board meetings. In this way a full
knowledge of the Board's activities was made directly available to other
government departments. This process was continued by Dr. Laurence but
eventually as the matters discussed by the Board, particularly concerning
reactors, became more technically involved, the invitations to the Deputy
Ministers to attend the Board meetings were discontinued.
Dr. Laurence continued and expanded the Committee system for
providing the Board with technical advice in its licensing decisions. An
Accelerator Safety Advisory Committee was created in 1962, a Nuclear
Reactors Examination Committee in 1966 and an AECB/NRC Visiting
Committee to study the use of the Board's research funds was established in
1967.
The major concern of Dr. Laurence during his presidency was the safety
of nuclear reactors. During his term the NPD reactor at Rolphton, near Chalk
River went into operation in 1962, and Douglas Point in 1968. A series of
four reactors at Pickering was under construction and another four at Bruce
had been committed. Dr. Laurence was instrumental in developing a safety
philosophy through which nuclear reactors in Canada could be designed,
constructed and licensed and this aspect of the Board's regulatory responsibility consumed most of his time. The uranium mining industry, by
comparison, was neglected and it was generally assumed that the provincial
mining and health authorities had that situation in hand.
When Dr. Laurence retired in February 1970 the Board entered the new
decade in reasonably good shape but aware that some problems were present
which, though submerged, could become serious and need more attention.
Dr. Laurence's successor as President of the Board was Dr. D.G. Hurst
(8), whose career pattern was, in many respects, a carbon copy of his
predecessor's. Dr. Hurst, too, had been with the NRC, first in Ottawa, then at
the Montreal laboratory and lateral Chalk River. He had held Dr. Laurence's
previous position as Director of the Reactor Research and Development
Division of AECL. Where Dr. Laurence had gained international experience
with General McNaughton at the UN, Dr. Hurst had gained international
experience during two years with the International Atomic Energy Agency. It
was during Dr. Hurst's period as President from 1970 to 1974, that some of
the latent problems which had been developing over the previous 15 years
finally surfaced.
One of them concerned the Reactor Safety Advisory Committee
(RSAC). The Board staff had continued to increase during the early 1970s and
a number of differences of opinion between the staff and the Advisory
Committee began to emerge. A result of these differences was a developing
tension in relationships between the RSAC and the reactor expens employed
by the Board. This matter will be dealt with more fully in Chapter 8.
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The explosion by India of an underground nuclear device in May 1974
had severe national and international repercussions for the Canadian Government and led to questions being asked of the Board's role in the field of
nuclear safeguards (see Chapter 9). Questions were also being asked
concerning the incidence of cancer in uranium miners in Canada, and the
contamination problem associated with Eldorado's Port Hope refinery was
about to emerge (see Chapter 7).
These problems continued during the leadership of Dr. A.T. Prince who
succeeded Dr. Hurst as President of the Board in February 1975(9). Dr. Hurst
had retired effective October 1974 and had provided the Government with six
months notice; however it took the Government ten months to discuss and
decide on his successor. It would appear that the selection of a new President
for the AECB was a difficult task.
Dr. Prince's career pattern was unlike that of his predecessors. He had
worked for the NRC, but only briefly during the war, and since then his rareer
had been largely with the Mines Branch of the Federal Government (later to
become part of the Department of Energy, Mines and Resources). By
profession he was a high temperature physical chemist with experience as a
ceramicist and in that capacity, while at the Mines Branch, he had directed the
development of the uranium oxide fuel which was to be used in CANDU and
in all other types of nuclear power reactors.
During his period as President the emerging crises mentioned above
came to full flower, and it was apparent that new initiatives were required to
cope with an increasingly complicated nuclear scene. The major initiative
taken during this period was the development of proposed new legislation to
replace the existing Atomic Energy Control Act. This was started by the
Board staff, supported by the conclusions of a Law Reform Commission
study (10), finalized by an ad hoc interdepartmental Task Force constituted by
the Privy Council Office (the Leclair Committee) and emerged as Bill C-14.
This Bill was tabled in the House in 1977 but died on the order paper. During
the preparation of the Bill the Board provided an estimate of 285 staff needed
to implement the Bill and the Treasury Board allowed staff increases up to
nearly 200 in anticipation of the new legislation. When the Bill died Treasury
Board called a temporary halt to further expansion pending passage of the Bill
or its successor.
Another initiative introduced by Dr. Prince was an increase in the
amount of mission-oriented research being carried out by the Board and,
subsequently, a relinquishing of the Board's research grants program to the
NRC (see Chapter 6).
The problems involved in the reactor licensing process led not only to
increasing tension between the RSAC and the staff, which was noted above,
but also between the Board and the licensees. As a result Dr. Prince set up an
Interorganizational Working Group to study methods of reviewing and
updating the principles and criteria of the reactor licensing process. The
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committee, which consisted of representatives from the utilities, AECL and
the AECB, and was chaired by a university professor, reported in November
1978 (11). Some of its proposals have not been accepted by the AECB, but
others have been and are being used in the development of a series of
licensing documents.
Considerable progress was made during Dr. Prince's presidency in
increasing the Board's ability in all areas of its responsibility to inspect for
compliance and ensure enforcement of the Atomic Energy Control Regulations. The staff increases during this period enabled the Board to carry out
these duties with more efficiency and effectiveness and as a result the Board
began to acquire some of the public visibility which had been largely lacking
in the past.
Dr. Prince was succeeded as President by J.H.F. Jennekens at the end of
1978 (12). Mr. Jennekens' career pattern was also unlike that of any of his
predecessors. After service in the army and four years as reactor supervisor at
Chalk River he had joined the Board staff in February 1962 as an Assistant
Scientific Adviser. He had gained international experience while working as a
safeguards expert during negotiations between the Canadian Government and
the IAEA from 1966 to 1972, and then was appointed Director of the Board's
Nuclear Plant Licensing Directorate. This directorate was the largest group
within the Board and performed the most visible aspect of its functions.
The major change in the Board's operations so far implemented by Mr.
Jennekens has been the abolition of the many Advisory Committees set up by
his predecessors. This work, started by Dr. Prince, has resulted in the
Advisory Committees being replaced by a smaller number of Advisory
Groups specializing in generic areas of the Board's jurisdiction. Advisory
Groups on radiological protection, nuclear safety and security have so far
been set up and committees to advise on environmental concerns and
intergovernmental relationships are planned but are not likely to be brought
into operation until the mandate of the AECB is altered by the passage of a
new Atomic Energy Control Act. The new Advisory Groups will be mainly
concerned with broader scientific and technical policy questions rather than
providing advice on licensing issues to the Board. The latter function will now
be carried out exclusively by the Board staff.
This brief overview of the Board's operations provides a context within
which the detailed description >f the Board's activities which follow in the
next chapters can be placed. Most of the problems which have plagued
successive Presidents can be attributed to lack of staff and this deficiency can
be traced back to decisions made by the Board in 1946. The attempt to
dispense with permanent staff while relying on advice from part-time
committees foundered because the increasing complication of the nuclear
industry finally defeated the well-meaning attempts of part-time committee
members. Over the years it has become necessary for the Board to abandon its
attempt to regulate the nuclear industry using groups of part-time advisers,
and to turn for advice to its own full-time professional staff.
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The Board's Regulations
Turning now to the perspective of the Board's evolution provided by its
changing Regulations, it was noted earlier that though minor modifications to
the 1947 Regulations were issued in 1949 (13), the Regulations were
substantially unchanged until a major revision was made in 1960. The effect
of the new Regulations (14) was to remove one major enabling power from
the Board and add another. The section removed dealt with requisition and
expropriation so that the Board could no longer requisition prescribed
substances and related patent rights, and could no longer expropriate mines or
works or property for the production of atomic energy.
The section added provided the Board with overdue powers to control the
health and safety of workers in the nuclear industry. Until the late 1950s the
Board had been content to leave considerable responsibility for health and
safety standards in the nuclear industry within provincial governments. Board
policy in this connection was decided at a Board meeting in 1949 where it was
agreed that the Board's position should be one of not pre-empting any
authority that should be exercised by the provinces, but of cooperating with
them. This attitude prevailed until 1957 when it was agreed that the Board, in
cooperation with AECL, the Department of National Health and Welfare and
the Ontario Departments of Health and Labour should draft a health and safety
code to be embodied in the Regulations. The reasons given at a Board meeting
for this change in policy were (I) a lack of interest by the provinces, other
than Ontario, in pursuing these matters, (2) the Pronto case (see Chapter 4)
which had been decided the previous year and seemed to make doubtful the
validity of provincial regulations and (3) the Board could launch a successful
prosecution under Section 19 of the 1954 Atomic Energy Control Act whereas
it was doubtful whether the provinces could. The following year the Board
considered a draft of the health and safety regulations and it was reported to
them that since the provincial authorities had no organization or legislation
which would enable them to act, they were satisfied to let the federal
authorities deal with the situation.
The new section of the 1960 Regulations dealing witii health and safety
defined an "atomic energy worker" and then provided a schedule of the
maximum levels of ionizing radiation to which such a worker could be
exposed. It also prescribed that members of the public other than atomic
energy workers should not be exposed to levels of ionizing radiation greater
than 1/10 of those specified for atomic energy workers (15). Exceptions were
made for the use of radioisotopes in medicine or during emergency procedures
undertaken to avert grave danger to life. To assist in compliance with the
Regulations, the provision of protective instruments and equipment, warning
signs and labels and records and reports were also specified. In recognition of
the large number of artificially produced radioisotopes which were then in use
in small quantities in research, industry and medicine, a schedule was
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provided for the maximum amounts of these radioisotopes which could be
held without the provision of a licence by the Board.
The 1960 Regulations were not substantially changed until 1974 (16),
when a new set of Regulations was issued which for the first time defined a
"nuclear facility" as a nuclear reactor or accelerator, an enrichment or
separation plant, a heavy water plant or a waste disposal plant. All nuclear
facilities were subject to the Regulations and greater emphasis was placed on
the licensing procedures for these facilities and on the powers of inspectors
appointed by the Board to oversee nuclear compliance. The list of
radioisotopes of which maximum quantities could be held without a licence
was lengthened to reflect further diversity in use, and the maximum
permissible doses of ionizing radiation to which atomic radiation workers
could be exposed was increased slightly to reflect the latest recommendations
of the International Commission on Radiological Protection. For the first time
a category of female atomic radiation worker was included with maximum
permissible dose limits generally identical to men, but with strictures
regarding the body dose to pregnant women.
A last change in the Regulations which will be noted, came in 1978 (17)
when the definition of nuclear facility was widened to more clearly include
uranium and thorium mines and mills, and radon daughters were added to the
list of prescribed substances. All other references to hazardous radioactive
materials in the 1974 Regulations were amended to include radon daughters.
The schedule of maximum permissible dose exposures was also amended to
include for the first time maximum limits for radon daughter exposure. All
these amendments were a direct result of the hearings of the Ham Commission
(see Chapter 7) which had established that radon daughters were a probable
cause of some excess cancer deaths being reported among Ontario uranium
miners.
The perspective provided by this brief review of the changes in the
Board's Regulations touches on some of the Board's major concerns during
its evolution. The security aspects which were prominent in 1947 are less so
now, while health aspects which originally received only passing mention are
now paramount. The inclusion of accelerators, heavy water plants and waste
disposal facilities in "nuclear facilities" in 1974 were not even considered
when defining prescribed equipment in 1947. The powers of inspectors
appointed by the Board were much more fully described in 1974 than they
were in 1947.
The present Regulations will no doubt be changed in the future as further
evolution of the nuclear industry and/or the Board's perception of its
responsibilities to the public make a re-evaluation necessary. With a changing
industry and a changing social climate, nuclear regulation can never be a
static function.
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The Board's Staff
The topic of the last section of this chapter, increases in staff, reflects the
growing responsibilities imposed on the AECB by the increasingly complex
demands of regulating atomic energy. Very little need be said on this topic
since Table 1 which follows is self-explanatory.
The provision of staff was mentioned at the first two Board meetings but
then dropped from the agenda for many years. At the first meeting Col. W.R.
Sawyer was appointed Scientific Adviser and assistant to the President and
G.M. Jarvis was appointed as Legal Adviser and Secretary to the Board. At
the second meeting an Assistant Scientific Adviser was appointed, Dr. D.J.
Dewar. In 1951, Col. Sawyer resigned his position and Dr. Dewar was
promoted to Scientific Adviser, a position he held until his retirement in 1974.
The vacancy resulting from Col. Sawyer's resignation was not filled and the.
Board continued with a professional staff of two for many years.
At the end of 1958 F.C. Boyd was appointed to the staff as a reactor
expert to assist the Reactor Safety Advisory Committee. Mr. Boyd was
stationed at Chalk River close to the NPD reactor at Rolphton which was the
major licensing concern of the RSAC at that time. The next addition was not
made until 1962 when another reactor expert, J.H.F. Jennekens, joined the
staff and was posted to the Douglas Point reactor. He was followed shortly
afterwards by a health expert, Dr. J.B. Sutherland, and by yet another reactor
expert, P.E. Hamel. The Board's professional staff increased by one or two
additions each year through the 1960s with an accelerating rate of increase
into the 1970s, until the total staff in 1980, including support staff, is over
180.
Up to 1967-68 new professional employees were listed each year in the
AECB Annual Reports but as the number of additions increased annually this
practice was discontinued. The names of staff as listed in these Annual
Reports are shown in Table 1 since it is felt that these early members deserve
recognition, if not veneration, as "old timers".
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TABLE I
AECB ANNUAL STAFF LEVEL
YEAR
1946-47
1947-48
1948-49
1949-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57
1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
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STAFF
3
3
3
3
2
2
2
2
2
2
2

EARLY ADDITIONS
(Professional Staff)
Jarvis, Sawyer, Dewar

2
3
3
3
4
6
7
8
9
11
13
19
26
38
44
52
57
68
87
116
147
181
184

Boyd
Jennekens
Sutherland, Hamel
Clark*
Beare, Blackburn
Molloy, Nolan*
Mac Donald, Marois
McManus, Duncan, Ennis-Smith
Professional staff only
Professional plus support staff

•Previously employed as
non-professional staff.

(1)
(2)
(3)

(4)

(5)

(6)

(7)
(8)
(9)
(JO)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
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CHAPTER 6

AECB and Atomic Energy Research
When the AECB was first created, its three major operational functions
were to control research activities into atomic energy, to control the
production and distribution of uranium and to maintain security over all
aspects of the production and use of atomic energy. The first of these topics,
the involvement of the AECB in atomic research, will be treated in this
chapter.
The first listed of the powers conferred on the Board by the Atomic
Energy Control Act was to "undertake or cause to be undertaken researches
and investigations with respect to atomic energy" (1). This power could be
exercised by the Board on its own behalf without the approval of either the
Committee of Privy Council on Scientific and Industrial Research or the
Govemor-in-Council. In 1946 the oniy significant atomic energy research
project in Canada was being constructed at Chalk River by DIL, and the
takeover of this project by the AECB with operational responsibility being
assumed by the NRC has already been briefly described. The relationship
between the AECB and the Chalk River project will first be developed
further, and then the continuing involvement of the AECB in nuclear research
through its grants program, and later through its contract program, will be
outlined.
AECB and the Chalk River Project
When the AECB was formed at the end of 1946, it was directed by C D .
Howe as part of the mandate conferred on it by the Atomic Energy Control
Act, to "assume the control and direction of the Chalk River (NRX) project"
(2), and the formal transfer of the responsibility for Chalk River to the Board
was made effective from December 1, 1946 (3). At its first meeting the Board
decided it would ask the National Research Council to take over the operation
and management of the project on behalf of the Board, and as a result of this
approach, the terms under which the NRC would agree to operate the Chalk
River project were proposed in a letter from the Secretary-Treasurer of NRC
to the Secretary of the AECB as follows:
The Board, will, from time to time, officially communicate to the Council,
through the President of the Council, the Board's policy as to objectives of
operation, priorities in relation to research and development, capital
expenditures, communication of information to the Board and other matters
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as to which responsibility is, in order to carry out the purposes of the
Atomic Energy Control Act of 1946, necessarily retained by the Board; the
Council, in carrying out the policy so communicated to it, will have full
charge of the planning and conduct of the work, and of the operation and
management of the whole project... Staff appointments and control of
personnel will be dealt with by the Council.
Funds will be provided by the Board on the basis of estimates to be worked
out between the Board and the Council. (Emphasis in original)(4)

Although the NRC terms offered the Board considerable powers in
influencing the conduct of the operations at Chalk River, it was not apparent
that the Board did in fact provide much guidance. Rather than providing
objectives and priorities to the NRC the Board seems to have been content to
be told by NRC what it was doing at Chalk River and to consent to what was
proposed to be done. One instance will be used to illustrate this relationship
between the Board and the NRC. A policy directive was issued to NRC on
July 5, 1947 when a Board meeting directed that the NRX reactor, which was
shortly to go critical should, as a safety measure, initially operate at only a
few hundred kilowatts. The reactor went critical on July 22, 1947 and at the
next meeting of the Board on September 27, Dr. Mackenzie indicated that it
would be desirable to operate at a much higher power level of 2,000
kilowatts. The Board promptly agreed with apparently little discussion. There
are few other references in Board minutes to policy directives for the Chalk
River project and when they do occur they are usually in the form of
agreements with requests from the NRC.
A similar attitude was taken by the Board in dealing with the capital and
operating budgets for the Chalk River project. These were provided to the
Board by the NRC and were discussed, as one item among many others, at
regular Board meetings. They were invariably approved by the Board after
cursory questioning and then submitted to Treasury Board as estimates for the
project.
During the whole period for which the Board had responsibility for the
Chalk River research project very little "control and direction" was exercised
in its affairs. Alter 1948, Dr. C.J. Mackenzie was President of both the
AECB and the NRC and this would tend to reduce further the influence of the
Board on the Chalk River project. The role of the Board in directing Canada's
atomic research activities at Chalk River was a minor one.
During the late 1940s the size of the budget being approved by the Board
for the Chalk River project increa">ed rapidly, and one of the major reasons
was the cost associated with the NRX reactor. This reactor had originally been
scheduled for completion in 1945 but the proposed timetable was unrealistic.
One cause of holdups was labour shortages, first of skilled draftsmen and then
of labourers; other holdups were caused by post-war equipment shortages.
Lengthening delays caused increases in cost but finally NRX was started up in
July 1947.
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The success of NRX was almost immediate. It quickly went to full power
and soon proved to be one of the most useful nuclear research tools in the
world, with the highest neutron flux of any reactor operating at that time.
Despite this success, the rapidly escalating cost of Chalk River now began to
worry Dr. Mackenzie in his capacity as President of the NRC. In numbers of
personnel, and in budgetary expenditures, the Chalk River project was
becoming as large as the rest of NRC put together. An additional cause for
concern was the Jife expectancy of the NRX reactor. At that time the effect of
intense radiation on materials was not known and some thought that a high
flux reactor such as NRX would only last for five years before it would need
to be replaced (5). It was obviously desirable that a second reactor should be
built at Chalk River, but this would further increase the expenses of the
estab'ishment unless some source of off-setting revenues could be found.
Some revenues were already being obtained from the NRX reactor as a result
of plutonium sales (for weapons production) to the USA, and a second and
larger reactor which could produce even more plutonium would provide a
handsome increase in revenues which would help to off-set mounting
expenditures. In a letter to C D . Howe it was pointed out by Dr. Mackenzie
that a new reactor would increase plutonium production to 60 kgs per year.
The operating cost of the reactor including amortization and interest (6) would
be $16 million per year and the probable revenue would be $24 million per
year, with an ab-)lute minimum of $18 million year. The capital cost of the
reactor was estimated to be $30 million (7).
Dr. Mackenzie had already received approval from the Board for the new
reactor and he now set about selling this scheme to the Government. Senior
civil servants in the Privy Council Office, Treasury Board and Department of
Finance were briefed to obtain their support and through them the support of
their Ministers (8).
The UK was approached to see whether it would be interested in buying
plutonium from the projected reactor but that country was now building three
reactors of its own at Windscale for plutonium production and did not need
more. However, the contact between Dr. Mackenzie and Dr. Cockroft (UK)
was put to use in an informal way, and as a result a personal letter was sent
from Prime Minister Attlee to Prime Minister St. Laurent expressing an
interest in the polonium which would be produced from the new reactor of
which the UK would like to obtain a reserve supply (9). Attlee encouraged St.
Laurent to go ahead with the new reactor and offered UK resources to assist to
the best of its ability. The UK would even lend Canada two or three scientists
to provide assistance, but no money was mentioned (10). Dr. Mackenzie then
went to the USA in May 1949 to see David Lilienthal, Chairman of the
USAEC, to start negotiations for the sale of plutonium from the new reactor.
Settling the selling price for plutonium was difficult but an agreement was
finally reached on December 8, 1950 (11).
In a memo from Mackenzie to Howe dated December II, 1950 the
commercial justification for the new reactor was given final form. The new
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reactor would produce 55 kgs of plutonium per year and this, together with 5
kgs per year from NRX, would be sold to the USAEC for $171,600 per kg.
Revenues would thus be $10 million per year and excess costs would be $8
million per year. The "profit" of $2 million per year would be used for
further researches and to reduce the research budget (12). It is interesting to
note that in his memo to Howe, Dr. Mackenzie refers to the AECB having
negotiated the plutonium contract with the USAEC. The new reactor had been
conceived, promoted and sold to the Government by Chalk River personnel
under their NRC leader Dr. Mackenzie, but it must sometimes have been
difficult for Dr. Mackenzie to realize which hat he was wearing at any given
time. The promotional efforts paid off and on December 20, 1950 an
Order-in-Council was issued authorizing construction. The new reactor,
named NRU, went into operation on November 3, 1957, and it was so
successful that it maintained Canada's lead in the field of research reactors
that had begun with NRX.
By the early 1950s it became apparent that the increasing commercialization of Chalk River through the sale of plutonium to the USA, and the
increasing size of the establishment would make a new organizational
structure more appropriate. As C D . Howe, (Minister of Trade and Industry)
expressed it in the House:
It is becoming increasingly evident that the Chalk River establishment has
important commercial possibilities and that the earnings from this operation
will be substantial. Obviously, the growing importance of atomic energy
and the very substantial investment being made at Chalk River indicates
that the management of the operation should be segregated from other
government activities and operated by a staff without outside responsibilities . . . It is becoming increasingly evident that a Crown agency type
of operation can most effectively and efficiently operate this unit and deal
with the manifold industrial and commercial contacts and management
problems, using normal business procedures and practices (13).
To create the Crown agency the first step was the incorporation under
Part I of the Companies Act, 1934, by letters patent dated February 14, 1952
(14) of a new company, Atomic Energy of Canada Limited (AECL) (15).
The company was set up pursuant to the provisions in Section 10( l)(a) of
the Atomic Energy Control Act which allows the AECB to:
.. .procure the incorporation of any one or more companies under the
provisions of Part I of the Companies Act, 1934, for the object and
purposes of exercising and performing on behalf of the Board such powers
conferred on the Board by powers, (a), (b), (c), and (h) of Section 8 of this
Act...(16).
The capital stock of the new company consisted of 75,000 shares without
nominal or par value and these shares were to be held in trust by the Board for
Her Majesty in right of Canada except shares necessary to qualify other
persons as directors. Among the directors of the new company, were Dr. C.J.
62

Mackenzie, President of the NRC and of the AECB, and G.M. Jarvis,
Secretary and Legal Advisor to the AECB (17).
An agreement, effective April 1, 1952, was then made for the transfer of
the Chalk River project from the AECB to AECL and vote number 656 of the
Appropriations Act No. 2, 1952, authorized, subject to the approval of the
Governor-in-Council, the execution and performance of the agreement. The
motion, which was introduced to the House by C D . Howe, stated that the
purpose of the Agreement was:
(a) To provide, notwithstanding Section 3 of the Atomic Energy Control
Act, for the vesling in the name of the company of the title to the real
property, plant, business and other assets (subject to liabilities)
constituting the Chalk River project to be operated by it on behalf of
Her Majesty;
(b) To authorize the company to administer the said project on behalf of
the Atomic Energy Control Board as agent of Her Majesty, as between
Her Majesty, the Board and the company as if the company were a
beneficial owner thereof;
(c) To authorize acceptance by Her Majesty of shares of capital stock of
the company in return for said assets and,
(d) To authorize accounting arrangements to be established by the company as if, between Her Majesty, the Board and the company, the
company were not an agency of Her Majesty or the Board, $ 1 (18).

While the supply vote transferred the operation of the Chalk River
project fruin NRC to AECL the new company remained under the administrative control of the AECB, and a close relationship was maintained between
AECL and the AECB since the President of both was Dr. Mackenzie, who
had relinquished his position as President of NRC and accepted the Presidency of AECL when the new company was formed. This could be seen as an
unexpected move on the part of Dr. Mackenzie. He was close to retirement
age and may have been expected to close out his career as President of NRC.
However, the increasingly commercial nature of the activities at Chalk River
made it possible that a new President of AECL would be appointed who
would stress the commercial activities of the establishment at the expense of
its research activities. Dr. Mackenzie felt strongly that such a move would be
detrimental to AECL, particularly to the research staff who, not wishing to
work in a primarily commercial environment, would look for employment
elsewhere. To maintain continuity of the research tradition, Dr. Mackenzie
elected to become the President of AECL for its first year of operation in order
to provide a reassurance to the staff that the research link would not be
broken.
The new company was formally made a Crown Corporation and added to
Schedule C of the Financial Administration Act on October 23, 1952 (19).
The description of a Schedule C Crown Corporation as given in this Act is:
. . .An agent of Her Majesty in right of Canada and is responsible for the
management of trading or service operations on a quasi commercial basis,
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or for the management of procurement, construction or disposal activities
on behalf of Her Majesty in right of Canada (20).
The Chairman of the Privy Council Committee on Scientific and
Industrial Research was designated the appropriate Minister under the Act and
as noted above, AECL was to report to the Government through the AECB.
The intentions of the Government in this respect were made clear during Mr.
Howe's introduction to the supply motion described above:
The new company is a creature of the Atomic Energy Control Board . . . .
The Atomic Energy Control Board is in charge of atomic works in Canada
(21).
Although the Government intended that the AECB should control the
activities of AECL it was difficult to realize this objective in practice. One
indication of this difficulty, as mentioned above, was the relative size of the
two organizations which militated against effective control.
By 1954 it became apparent that there was no point in continuing the
fiction that the AECB effectively controlled the day to day activities of AECL
and that there were practical advantages in having the operations of AECL
transferred to direct ministerial responsibility. Accordingly, an amendment to
the Atomic Energy Control Act was passed transferring the responsibility for
the research and production functions of the AECB (i.e. AECL) to a Minister
from April 1, 1954 (22). The designated Minister remained the same, the
Chairman of the Privy Council Committee on Scientific and Industrial
Research.
The reasons for the amendments of the Atomic Energy Control Act were
explained by C D . Howe to the House of Commons on Second Reading as
follows (23). Canada's atomic energy program was considered by Howe to
have passed through two stages and was now entering the third. The first
phase started in 1942 with Canada's decision to join with the Governments of
the USA and the UK in the effort to produce an atomic bomb. Canada's
contribution was to provide uranium from (he deposits at Port Radium, and to
provide research effort through the faculties of the NRC. As a result of this
latter effort the NRX reactor was developed using natural uranium as a fuel
and heavy water as a moderator.
The second phase started with the passage of the Atomic Energy Control
Act in 1946. This Act was intended to provide for the orderly transition of
atomic energy from a war-time to a peace-time footing. The AECB, set up
under the Act, would be responsible for the control and supervision of the
development, application and use of atomic energy and would enable Canada
to participate effectively in measures of international control. However, it
seemed unwise to disturb the existing arrangement whereby Eldorado had
direct responsibility for the raw materials program and the NRC had direct
responsibility for the research and development program. The Eldorado board
of directors had reported directly to the Minister during the war years and this
arrangement was continued with the AECB authority largely confined to
administering security regulations affecting the disclosure of information.
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The position of the Chalk River project was more complicated. It was
desirable that the AECB should deal with questions of policy and that the
NRC should maintain operational responsibility. This situation continued
until the Chalk River project became incorporated as Atomic Energy of
Canada Limited in 1952. The Board of Directors of the new company still
reported to the AECB.
This stage was considered transitional and Howe now proposed that
atomic energy in Canada should move into a third stage. An atomic power
feasibility study was already underway at Chalk River in cooperation with the
Hydro Electric Power Commission of Ontario (HEPCO, later to be renamed
Ontario Hydro). The production of power was now the main objective of the
research program at Chalk River. The cost of this program would be
substantial and had to be considered in relation to Canada's needs.
In view of the scope of this program Howe now proposed to put it under
direct ministerial control. A holding company, to be called Atomic Energy of
Canada Limited, would be created which would hold the stock of both
Eldorado Mining and Refining Limited and a new company (previously
AECL) which would now be called Nuclear Research Limited. The parent
company would report to the Chairman of the Committee of the Privy Council
on Scientific and Industrial Research and that Minister would hold the stock in
trust for Her Majesty.
By this means the raw materials and research programs would be under
the general direction of a single agency as was the case in the USA and UK.
The AECB would retain its present responsibility for establishing and
administering regulations subject to the approval of the Governor-in-Council.
The Board would also report to the same Minister as AECL and Eldorado.
In the event, the proposed reorganization of the structure of the
operational units did not come about and it is interesting to speculate why the
creation of a holding company, to which both the mining and research units
would report, was proposed and why it failed to come to fruition.
In 1954 W.J. Bennett was president both of AECL and Eldorado, and it
is evident from the debate on the Bill in the Senate that he was intended to
become president of the holding company (24). Although Mr. Bennett would
not have lost any authority under the proposed reorganization he was not in
favour of creating a holding company since it would simply create another
level of management between the Boards of Eldorado and AECL and the
Minister. However, there were financial advantages to the new organizational
structure. By 1954, AECL was becoming committed to building the NPD
reactor and expenses of the research project would be expected to increase
considerably in future years. Eldorado on the other hand was beginning to
turn a handsome profit (25) and this too was expected to increase. If both
organizations reported to a holding company which in turn reported to the
Government, a consolidated balance sheet could be presented in which
Eldorado profits would offset some of AECL's expenses. The apparent cost of
atomic energy research to the Government would thus be minimized.
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However, opposition to this plan could be expected from two sources.
The Privy Council Office would object that the holding company was a
superfluous creation and that organizationally there was no reason why AECL
and Eldorado should not report separately to the same Minister. The Treasury
Board would object to the way in which objects of government expenditure
were being hidden from its view by transferring Eldorado profits to cover
AECL expenses.
Despite the fact that Howe presented the proposed scheme to Parliament,
it would appear that bureaucratic and/or ministerial objections to the
reorganization were successful so that it never occurred. The wording in the
revised Act made it possible to conduct the reorganization either way and
although Parliament had approved the scheme as presented to it by Howe (for
a holding company), no questions were subsequently asked in the House as to
why Howe's proposed reorganization had been discarded. To this day
Eldorado and AECL have both reported directly and independently to the
same Minister.

AECB Research Grants and Contracts
In addition to supervising the activities of Canada's major nuclear
research project at Chalk River, the AECB at an early date in its history
applied to the Government for funds which it could use to promote nuclear
research outside the Chalk River project. Bearing in mind that the size of
Chalk River meant that much of Canada's nuclear expertise was centered
there, these funds would provide a means for the Board to assist in the
establishment of other centres of excellence in Canada mainly by developing
or encouraging the growth of nuclear research in Canadian universities.
At the second meeting of the Board on January 6, 1947 an application
from the University of Saskatchewan for financial assistance in connection
with the installation of a 20 MeV Betatron was considered, but it was decided
that the application should await a fundamental study to be undertaken in
cooperation with the National Research Council of national needs and
resources in relation to nuclear research. At the next meeting, in March 1947,
another application was received by the Board, this time from McGill
University, for assistance with a nuclear physics project at that University.
Dr. Mackenzie reported that the Nuclear Advisory Committee of the NRC had
reviewed the applications received and in view of the contributions which the
NRC proposed to make towards operating expenses, the Board might make
grants-in-aid to three universities as contributions toward the capital cost of
nuclear facilities. The Board agreed that, subject to appropriations being
provided by Parliament, the sum of $150,000 should be allocated to the three
universities as follows:
McGill University $87,500
University of British Columbia $32,500
University of Saskatchewan $30,000
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From the outset it was apparent that one of the major determining factors
in the allocation of AECB funds for nuclear research would be the decisions
of the NRC's Nuclear Physics Advisory Committee. The NRC already had a
number of substantial granting programs and at first the AECB funds were
used to supplement NRC's own resources for nuclear physics research. In
later years the Board's funds came to be used for more diverse purposes. The
question of funding research on radioactive ores was first discussed by the
Board in September 1950 and Board members Bateman and Bennett, both of
whom had wide experience in the uranium industry, were instructed to pursue
the matter further. As a result of their investigations the Board authorized the
disbursemen. of $50,000 for metallurgical research to three universities
(British Columbia, Alberta and Toronto) from the 1951-52 research grants.
The grant applied for by the Board in its estimates increased from the previous
level of $150,000 to $200,000 so the additional funding for metallurgical
work was not provided at the expense of basic nuclear physics research.
The following year, (1952-53) the grant appropriations were increased
by a further $100,000 to $300,000 with the extra money going to the newly
formed Commercial Products Division of AECL to assist research into the
production and application of radioisotopes. This grant was awarded for
another iwo years and was then discontinued. University grants were then
increased by a corresponding amount.
The 1954 revision to the Atomic Energy Control Act explicitly noted the
role of the NRC in awarding grants for nuclear research by the AECB. The
section of the Act dealing with the Board's powers to encourage research was
amended to read:
The Board may. . .establish, through the National Research Council of
Canada or otherwise, scholarships and grants in aid for research and
investigations with respect to atomic energy, or for the education or training
of persons to qualify them to engage in such research and investigations
(26). (my emphasis)
The role of the NRC in advising the AECB on awards to universities was
formalized in 1967 with the formation of an AECB/NRC Visiting Committee
which also included representatives from universities (27).
The size of AECB's research grant program continued to grow until in
1975-76 it reached $3.8 million. In 1968-69 an additional object of expenditure was added, the funding for TRIUMF (an acronym for Tri-University
Meson Facility), a project supported by the Board, approved by the
Government and involving the joint participation of initially three and, later,
four western universities (Alberta, British Columbia, Simon Fraser and
Victoria) (28). The funds were to be used for the design, construction and
operation of a 500 Me V proton spiral ridge cyclotron for use as a research tool
in the developing field of intermediate energy nuclear physics. The original
estimated construction cost of this facility to the AECB was $23.3 million,
but by the time the Board had retired from direct funding of TRIUMF after
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1977, nearly $40 million in construction, equipment and operating costs had
been channeled into the project through the Board. In fact more money had
been provided by the Board to TRIUMF than in all its other research funding
since the Board was created, approximately $40 million for the former and
$36 million for the latter.
Until 1972 all Board funding was for research projects, usually for
nuclear physics research. Funds were not used for mission-oriented projects
directly related to the Board's activities. At a Board meeting in March 1968 a
proposal was considered from a consulting firm for funds specifically directed
towards safeguards problems, but Board member J. Lome Gray who was also
President of AECL, objected to the AECB getting into contract development
work. He felt that if funds could be made available for this type of project they
should be turned over to AECL to administer in view of the fact that AECL
had a contracts administration unit. Gray also questioned whether the Board
had authority to grant funds for this type of research and development
although the Secretary to the Board pointed out that Section 9 (a) of the
Atomic Energy Control Act could be read as authorizing grants of this nature.
At the same Board meeting consideration was given to providing a grant
to a university to investigate the possibility of coating the walls and bulkheads
of uranium mines to prevent the diffusion of radon gas. Board member W.M.
Gilchrist, who was also President of Eldorado Mining and Refining Limited,
emphatically expressed the opinion that the Board should stay out of this field
since there were other entities such as the Mines Branch of EMR, provincial
mining departments and mining associations who should get into this
program. He pointed out that the Board was a regulatory body which should
set standards and it should be up to the mines concerned to meet those
standards. Mr. Gray supported Mr. Gilchrist's view* on this matter and the
request for funds was refused.
By the end of 1971 the views of the Board had changed. In a
memorandum to Board members on university grants, the President (Dr.
D.G. Hurst) proposed among other things that the Board should consider
individual grants in topics related to the Board's objectives in health, safety
and safeguards. Advice would be sought from appropriate experts but no
committee would be established initially. This proposal was adopted by the
Board at its meeting on December 15, 1972 and in fiscal 1972-73 several
contracts with a total value of $127,200 were entered into for studies related
to nuclear plant safety. Although Gray and Gilchrist were still members of the
Board they do not appear to have opposed this change.
The university research grants program was further considered by the
Board in 1975. The newly appointed President of the Board, Dr. A.T. Prince,
suggested that the program be relinquished in favour of a much stronger and
more broadly based mission-oriented research and development program in
support of the Board's primary control responsibilities. Dr. Prince pointed out
that this new approach had been advocated by the Treasury Board and also by
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the Science Council of Canada in its report No. 23 on "Canada's Energy
Opportunities". By concentrating its efforts on urgent problems in uranium
mining, waste disposal, safeguards techniques, security, reactor safety, etc.,
Dr. Prince thought that the Board would be stimulating action in those areas
of prime concern to the Minister, the Board and its staff, and the general
public.
The Board agreed with Dr. Prince's views and passed a motion that,
effective April 1, 1976, the AECB university grants program would be
transferred to the NRC. Some adverse reaction was expected from the
academic community but none appears to have materialized since the funds
previously allocated for university research to the AECB were now available
from the NRC. The amount of mission-oriented funds disbursed by the AECB
has increased from $127,000 in the first year to $1.9 million in the current
year (1979-80).
The Atomic Energy Control Act of 1946 gave the AECB powers to
undertake or cause to be undertaken researches and investigations with respect
to atomic energy. The close links between the AECB and the NRC in those
days ensured that research funds would be largely used for academic research
rather than mission-oriented research. In ensuing years the changing role of
the Board, particularly its increasing involvement in the operations of the
nuclear industry, made this type of research less relevant to the Board's goals.
The commencement of mission-oriented investigations in 1972 and the
abandonment of academic research in 1976 can be regarded as both
symptomatic of, and consequences of, the Board's evolution. Dr. Prince was
the first Board President who did not have his roots in the NRC/AECL
research tradition and he was served by Board members without direct
connection with AECL or Eldorado. When the vote on his proposal to transfer
the Board's granting funds to the NRC was taken the President of the NRC
and ex officio Board member, Dr. Schneider, was in a conflict of interest
position and abstained from voting.
The thrust of the AECB's mission-oriented research funding is to ensure
that the Board can receive the independent advice and supporting information
that it needs to carry out its regulatory functions with a minimum of reliance
on the facilities or information generated by those being regulated. A major
part of the funding is devoted to the development of the methodology and
equipment for safeguarding nuclear facilities of Canadian origin.
There are currently five program areas which cover most of the concerns
of the Board: health, environment, risk and safety, the development of
regulations and their socio-economic impact, and the safeguards program.
Where appropriate, joint programs are undertaken with other government
departments or agencies in order to obtain maximum value for money
expended and to benefit from liaison with other research organizations. Some
programs are mounted in order to prod industry and other agencies into doing
work which may not have the same importance to them as it does to the
Board.
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The present funding level of about $2 million annually is considered
inadequate to provide the Board with the sound and consistent data base it
needs for its operational activities and projected increases which will triple
that sum over the next five years have been submitted for approval to Treasury
Board. The recently developed high-profile character of the Board's activities
and the fact that its mission-oriented research fits neatly within the Government's contracting-out policies may ensure that at least a substantial part of
this projected increase will be achieved.
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TABLE I
AECB RESEARCH GRANTS

YEAR

RESEARCH
GRANTS
($000)

YEAR

1946-47
1947-48
1948-49
1949-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57

150
143
150
150
200
300
300
300
300
300

1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68

YEAR
1968-69
1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80

RESEARCH
GRANTS
($000)

TRIUMF
($000)

2,620
2,500
2,500
2,595
2,468
2,421
2,593
3,809

975
2,900
4,600
9,125
5,300
4,650
7,650
4,650

RESEARCH
GRANTS
($000)

MISSION
ORIENTED
($000)

127
174
132
376
386
1,217">
1,773<2»
l,906(3)

400
400
650
650
700
770
900

1,250
1,600
2,000
2,500

TOTAL
($000)
3,595
5,400
7,100
11,720
7,895
7,245
10,375
8,835
386

1,217
1,773
1,906

(1) Includes $500,000 for special safeguards program
(2) Includes $977,000 for special safeguards program
(3) Includes $1,247,000 for special safeguards program
Source: AECB Annual Reports
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TABLE II
AECB RESEARCH AND DEVELOPMENT PROJECTS
AS OF APRIL, 1980

INSTITUTION

PROJECT TITLE

TOTAL COST

SAFEGUARDS
AECL

Cooperative Program
— AECB/AECL/IAEA

RCMP

Evaluation of Stand-Off Barriers

$300,000
28,000

REACTOR SAFETY
University of Alberta
(Edmonton)

Behaviour of Concrete Containment
Under Overpressure Conditions

442,000

Carleton University

Analysis of Loss-of-Coolant and Lossof-Regulation Accidents

100,000

University of Ottawa

A Study of the Process of Re wetting
of Hot Surfaces by Flooding

77,900

McMaster University

Evaluation of Seismic Qualification
for Equipment Located in CANDU
Nuclear Power Plants

57,960

Ellyin & Associates

Periodic Inspection for Safety of
CANDU Heat Transport Piping System

30,000

Shully I. Solomon and
Associates Limited

Development and Comparison of
Techniques for Estimating Design
Basis Flood Flows For
Nuclear Power Plants

8,900

Atmospheric Environment Service
(Environment Car^da)

National Tornado Statistics Project

20,000

HEAVY WATER PLANT
Physical Metallurgy
Research Labs (EMR)

Hydrogen Sulphide Cracking Susceptibility of Heavy Water Plant Steels

48,000

MINE SAFETY
Pylon Electronic

Development of Dry Radon Gas Generator
for Calibration Purposes

34,689

Elliot Lake Centre

Investigation into Radiation Protection
Training Phase I

18,325
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TABLE II (CONT'D)
AECB RESEARCH AND DEVELOPMENT PROJECTS
AS OF APRIL, 1980

INSTITUTION

PROJECT TITLE

TOTAL COST

MINE SAFETY
Energy, Mines and
Resources

Development of two personal radon
daughter dosimeter systems

$ 16,000

WASTE MANAGEMENT
Kilborn Limited

Assessment of the Long Term Suitability
of Present and Proposed Methods for the
Management of Uranium Mill Tailings

121,447

Ontario Research
Foundation

An Assessment of Methods for Immobilizing Reprocessed Radioactive Waste

38,576

Westlund Consultants
Limited

A Study of the Thickness of Material
which could be eroded by Continental
Glaciation

10,800

Dames and Moore

An evaluation of Criteria Employed to
define Tectonic, Seismotectonic and
Seismic Provinces

21,435

University of
Waterloo

Hydrogeologic, Hydrogeochemical and
Model Studies of Ground-Water
Containment Migration from Waste Rock
at an Abandoned Uranium Mine near
Bancroft, Ontario

55,335

International
Environmental
Consultants Ltd.

Environmental Consequences of Radium/
Barium Sludge Placement in
Tailings Areas

25,556

Institute for Environmental Studies
U. of Toronto

Synoptic Survey of Abandoned Tailings
Sites

30,000

/

LIFE SCIENCES
Institut du Cancer
de Montreal

A Study of Sputum Cytology and Carcinoembryonic Antigen in Uranium Workers
and in a Control Population

163,000

Aluminum Co. of
Canada, Limited

Supply of Information from ALCAN for
Epidemiological Studies of Newfoundland
Fluorspar Miners

45,000
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TABLE II (CONT'D)
AECB RESEARCH AND DEVELOPMENT PROJECTS
AS OF APRIL, 1980
INSTITUTION

PROJECT TITLE

TOTAL COST

LIFE SCIENCES
Health and Welfare
Canada (RPB)

Determination of Feasibility of Using
Bioassay and In-Vivo Measurements in
Uranium Workers for Dose Calculations

$ 107,000

Monserco Limited

Assess the Effect of various parameters
on the sensitivity of uranium lung burden
determinations

20,000

TRANSPORTATION
EMR

Assessment of Brittle Fracture Problems
on Transportation Containers

—

RADIOISOTOPES
AECL-RC

Investigation of Physical Condition of
Radioactive Devices (sent for Disposal)

5,000

REGULATIONS
R.J. Shultz
Assoc. Inc.

"AECB as Regulator"

Secorlnc.

Cost of Regulations

Institute for
Environmental
Studies

Impact of Mississauga Train Derailment
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1,200
17,000
5,000
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CHAPTER 7

AECB and the Uranium Industry
History of the Industry
Uranium is a widely dispersed element, which composes about 0.0004%
of the earth's crust, and significant concentrations occur very sparingly. Until
the discovery of nuclear fission it had few commercial applications apart from
being used as a coloring material in some forms of glass and ceramic
pigmentation. Prior to the Second World War it was mainly produced as a
by-product during the extraction of radium, the latter being a daughter
element of uranium. Radium was somewhat more widely used for producing
luminous compounds such as those used on the dials of watches and for
treating some forms of cancer.
The first commercial quantities of radium were produced in the USA by
the US Vanadium Corporation from deposits of carnotite in Utah and
Colorado (1). The US company mined and processed the deposits primarily to
extract vanadium, but quantities of radium and uranium were produced as
by-prcducts. US Van&dium held the bulk of the world's radium market from
1914-1924, when pitchblende was discovered in the Belgian Congo by Union
Miniere, a Belgian mining company. The radium/uranium concentrations in
the Congo deposits were very high and soon Union Miniere had captured most
of the world's radium market and production in the USA virtually ceased. The
Belgian company held the radium market until the mid-1930s when, as noted
in Chapter 4, it was challenged by radium produced by Eldorado Gold Mines
Ltd. from its Port Radium mine. Meanwhile other, smaller, deposits were
being exploited elsewhere in the world mainly in Portugal and Czechoslovakia (2), and by the time the Second World War began in 1939 a number of
countries had produced significant quantities of both radium and uranium as
shown in the table below (3).
The development of uranium mining in Canada during the Second World
War has already been described and, after the war, the application of uranium
to weapons production, and later, to nuclear power production, promised to
provide Canada with a new and valuable resource industry. During the last
thirty-five years this promise has been largely realized but not before the
uranium industry had gone through a boom-bust-boom cycle as it responded
to the vagaries of the world marketplace which in turn were governed by
international politics and technical achievements.
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TABLE I
World Production of Radium and Uranium up to 1939
Country

Belgian Congo
U.S.A.
Canada
Portugal
Czechoslovakia (Approx.)
U.K. (Approx.)
USSR

Radium (g)

U 3 O 8 (tons)

322
200
122
50
50
5
10(?)

]J30
700
430
175
175
18
35(?)

The first boom cycle occurred after the end of the Second World War
when the demand for uranium for weapons programs in the USA and later in
the UK led to the opening of many new mines in Canada. This cycle ended in
the late 1950s when the USA decided it had stockpiled sufficient uranium for
nuclear explosives, and the power reactor market had not yet developed a
significant demand. The industry declined through most of the '60s and many
of the smaller and less efficient mines were closed. Demand did not begin to
pick up again until the early 1970s when the power reactor market began to
increase in size and most industrialized countries began looking for fuel for
their nuclear power programs. The new boom is currently continuing and is
projected to continue at a rate such that shortages due to depletion of the
world's more readily available uranium resources are expected, by some, to
occur by the end of the century (4).
It is against this cyclical background that we must view the activities of
the AECB in providing a central federal control over the uranium industry.
The provinces in Canada are responsible for the management of their
natural resources including mineral resources. In the Vukon and the Northwest Territories resources are managed by the federal authorities. Both
entities pass laws and make regulations governing mining activities in their
own areas of jurisdiction. The first mention of radioactive substances
occurred in 1927 in federal legislation, the Yukon Quartz Mining Act as
amended (5), where the description of "minerals" in clause (p) of Section 2
included the words "the ores of radium". At that time there were no known
deposits of radium in the Yukon so its inclusion in the Act would seem to be
solely in the interests of providing a comprehensive definition of "minerals".
A second reference, this time of a more positive nature, appeared in the
Quartz Mining Regulations for the Northwest Territories in 1932 (6). Section
130 of the Regulations stated that the Governor-in-Council reserved the right
to make additional regulations governing the development and operation of
any mineral claim or mine containing radioactive elements in sufficient
quantities for extraction. Regulations could also be made governing the
production and conservation of such ores and the elimination of waste (7).
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The inclusion of radioactive substances in the Regulations would be a direct
consequence of the Eldorado radium discovery at Great Bear Lake in the
Northwest Territories in 1930, and the reason for Section 130 was to give
notice to prospectors of impending Regulations which might affect their
rights. However, no further Regulations were issued until 1943 when, as a
result of the wartime requirement to control uranium, an Order-in-Council
was issued which reserved to the Crown in right of Canada all radioactive
substances which might occur in mineral deposits found in the Northwest
Territories before or after the Order was issued (8). A similar Order-in-Council applying to the Yukon Territory was issued at the same time (9).
These Orders-in-Council applied only to Crown lands and it was only on
Crown lands in the Northwest Territories that uranium had been discovered,
but the federal Government requested that the provinces should issue similar
Regulations. Because of secrecy requirements no reason was given to the
provinces explaining why these Regulations were necessary and only three of
them — British Columbia, "-Manitoba and Saskatchewan — complied with the
request, each passing Regulations in 1944 reserving the rights to radioactive
substances discovered In their jurisdictions. The other provinces at that time
took no action.
With the passage, in 1946, of the Atomic Energy Control Act, and the
issuing of the Atomic Energy Control Regulations in 1947 the federal
authority reserved to itself the right to control major activities relating to
deposits of prescribed substances (which include uranium) anywhere in
Canada and this was accomplished without objection from most of the
provinces. The only province to show concern was Saskatchewan which
pointed out that it already had detailed Regulations governing mining and
confusion could result if the Board were to attempt to set out special rules for
prospecting, staking, development and mining of uranium deposits. The
Board agreed that provincial rules regarding prospecting and staking should
apply, but a Board licence would be required during the development and
mining stages. This provision was included in the 1948 Orders made by the
Board respecting uranium prospecting, exploration and mining (see below)
and was specifically mentioned in an accompanying press release which said
in part, "no special Order from the Board will be required to permit
prospecting as long as no mineral other than samples for analysis and hand
samples for the usual purposes are removed from the claim'' (10).
The two wartime Orders-in-Council reserving title to radioactive materials in Crown lands in the Yukon and the Northwest Territories were extended
under the Continuation of Transitional Measures Act of 1947, largely because
of an unresolved discussion in the United Nations Atomic Energy Commission as to whether the UN body would propose control of nuclear resources
while they were still in the ground or only after they had been mined. This
question was resolved by the publication of the second report of the UN
Commission which indicated that ownership of ores in the ground was not
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contemplated by the international authority. By April 1947 the Atomic
Energy Control Regulations, had been published which gave the federal
Government effective control cf all phases of uranium mining and the way
was now open to widen the scope of the Regulations so that private
prospecting for uranium could resume. The two Orders-in-Council reserving
to the Crown title to radioactive materials in the Northwest Territories and the
Yukon were revoked at the end of 1947 and an informal Advisory Mining
Committee was set up early in 1948 under the chairmanship of Board member
G.C. Bateman to study the uranium mining situation. The Committee
recommended that prospecting by private individuals and companies be
encouraged by establishing a guaranteed minimum price for acceptable
uranium ores and a new Government policy to this effect was announced in
the House of Commons by C D . Howe on March 16, 1948(11).
The Government would purchase through Eldorado Mining and Refining
Ltd. acceptable uranium-bearing ores and concentrates if the minimum
uranium content was 10% by weight of uranium oxide (U3O8), at a minimum
price of $2.75 per lb. of contained U3O8. This new policy not only permitted
but also encouraged private exploration and mining of uranium by setting a
minimum value on the ores for the next five years (12). It represented a major
departure from the wartime secrecy regulations which had hitherto dominated
and suppressed activity in the industry and it led directly to an increase in
efforts devoted to uranium exploration. The Government policy was followed
on April 5, 1948 by an AECB Order allowing the results of uranium assays to
be disclosed to persons from whom the samples had been received provided
they also gave the Geological Survey full information concerning the deposit.
The Government formula announced in 1948 was unrealistic. It was
subsequently revised, but it was not until 1953 that a formula was developed
which provided the necessary incentive to the major mining companies. At
that time it was used to negotiate a contract with Gunnar Gold Fields Ltd. (see
below).
Since 1944, both Eldorado and the Geological Survey of Canada had
been searching for new uranium deposits in the Great Bear Lake region and in
other parts of the country. The Geological Survey in 1934 had studied an area
near the Box Gold Discovery on the north shore of Lake Athabasca and had
recorded two accounts of pitchblende. This area was now subjected to a
systematic survey by Eldorado and detailed geological mapping by the
Survey. Their combined efforts soon resulted in the discovery of about a
thousand pitchb'ende occurrences in what came to be called the Beaverlodge
region. The best of these was known as the Ace deposit and resulted in the
construction of the first new mine and extraction plant in Canada by Eldorado.
The mine went into production in 1953 producing at a rate of 500 tons of ore
per day, increasing to 750 and then 2000 tons per day within a few years.
Meanwhile, prospecting activity was mounting in all parts of the country
and soon there were more prospectors seeking uranium in Canada than any
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other metal. Most of the companies formed for the purpose of prospecting
were new, since the established mining companies had doubts about the
economics of uranium mining and the extent to which secrecy and controls
might hamper their operations. This attitude changed when Gunnar Gold
Fields announced the discovery in 1953 of large deposits of medium-grade
uranium ore on its property in the Beaverlodge area. A treatment plant with a
capacity of 1,250 tons of ore per day, later increased to 2,000 tons, was built
and the mine began production in 1955. Gunnar obtained a special price
contract for the delivery of uranium precipitates valued at about $77 million
(later increased to approximately $118 million) and this spurred several of the
leading Canadian mining companies to take a greater interest in the possibilities of uranium mining.
Uranium bearing conglomerates had been discovered in 1948 in the
Blind River district of Ontario and in 1955 the Pronto Mine was brought into
production in that area. Several other deposits of considerable size were
developed in the same area and by 1957 the Elliot Lake (Blind River) district
had become Canada's largest centre of uranium mining activity.
A second area in Ontario, near Bancroft, went into production in 1956
and by 1959 the total value of deliveries of uranium precipitates from
Canadian mines amounted to $334 million (13). Most of the concentrates
were going to the USA but in 1957 a major contract was signed with the UK
which diverted some supplies contracted by the USAEC to the UK without
increasing total sales. To provide 'added value' to the raw material, a plant to
produce uranium fuel elements for reactors went into production near Port
Hope in 1958, and by the end of the 1950s the Canadian uranium industry was
riding a boom.
In November 1959, the boom suddenly ended. The United States Atomic
Energy Commission announced that it would not exercise its options to
purchase additional uranium from Canada and since the USA was Canada's
major customer the uranium industry was in trouble. In order to prevent a
complete collapse the Government, through its agent Eldorado, negotiated a
stretched-out delivery schedule for uranium remaining to be delivered under
existing contracts. It also negotiated a plan to permit the trar. ?er of contracts
between companies so that high cost producers were able to sei *he remainder
of their contracts to low cost producers thus enabling the low cos, producers to
continue production for a longer time. The Government also authorized
Eldorado to buy and stockpile limited quantities of uranium against the time
that the market would begin to improve again (14). All of these measures
were purely ameliorative and inevitably the structure of the industry chp ^ed
considerably after 1959. In 1958, at the peak of its activity, 19 mines in
Canada were producing uranium concentrates from individual treatment
plants and an additional 7 mines were shipping ore to these plants for
treatment. By the end of 1960, only 11 mines were in operation; by the end of
1961 there were only 8, and by the end of 1965 only 3. This situation
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continued for another ten years and it was not until 1975 that a further new
uranium mine was brought into production.
Prior to this there had been a flurry of exploration activity in the late
1960s as the industrialized countries, one after another, announced ambitious
plans for the construction of nuclear power stations. This activity died in the
early 1970s but revived again after the mid-70s when it became apparent that
the OPEC-induced oil crisis of late 1973 would lead to an increase in the use
of nuclear power. The cyclical nature of Canada's uranium industry can be
seen in the number of uranium exploration permits issued annually by the
Board. (Table 2)

TABLE 2
Exploration Permits Issued by the AECB
Year

No.

Year

No.

Year

No.

1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958

11
41
47
14
39
122
114
160
53
53
4

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

1
1
1

[970
1971
1972
1973
1974
1975
1976
1977
1978
1979

17
2
3
6
5
8
27
47
55
22

0
0
0
1
4

55
64
82

(Information compiled by J.M. Jardine, AECB).

As of 1980 there are 21 actual or projected uranium mine/mill facilities
licensed by the Board in Canada (see Table 3). As Canada progresses through
the last quarter of the twentieth century the post-war promise of a new
flourishing resource industry is at last being realized.
The evolution of the uranium industry in Canada has presented the
AECB with a number of problems some of which will be discussed in this
chapter. Firstly a series of three health-related problems wi.l be examined
concerning (1) the contamination of natural waters with radium as a result of
uranium mining operations, (2) the effects of radon gas and its daughters on
uranium miners tnd (3) the contamination problems experienced at Port
Hope, Ontario, as a result of the operation of the Eldorado uranium refinery.
These problems all came under the purview of the Board as part of its
responsibility to protect the health and safety of the population against the
hazards of radioactive substances.
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A second type of problem is related to commercial rather than health
issues and concerns the question of uranium exports which have led directly to
the cyclical nature of the industry which has been noted above. A discussion
of uranium exports and the Board's role in these commercial activities will
conclude this chapter.

TABLE3
URANIUM MINE AND MILL FACILITIES LICENSED IN CANADA
(JULY 1980)
FACILITY NAME
(LICENSEE)

LOCATION

LICENSED
CAPACITY

Agnew Lake Mine
(Agnew Lake Mines Ltd.)

Espanola, Ontario

550 tonnes/yr
uranium
concentrate

Denison Mines
(Denison Mines Ltd.)

Elliot Lake, Ontario

uranium ore6,717 tonnes/day
mill feed

Verna and Ace Mines
(Eldorado Nuclear Ltd.)

Beaverlodge, Sask.

1.2 million kg/yr
uranium
concentrate

Rabbit Lake Mine
(Madawaska Mines Ltd.)

Bancroft, Ontario

2.3 million kg/yr
uranium
concentrate

Madawaska Mine
(Madawaska Mines)

Bancroft, Ontario

1,600 tonnes/day
mill feed

Quirke Mine
(RioAlgomLtd.)

Elliot Lake, Ontario

6,350 tonnes/day
mill feed

Panel Mine
(RioAlgomLtd.)

Elliot Lake, Ontario

3,000 tonnes/day
mill feed

Lake Cinch,
(Cenex Ltd.)

Saskatchewan

300 tonnes/day
uranium ore

Dubyna Mine
(Eldorado Nuclear Ltd.)

Uranium City, Sask.

275 tonnes/day
uranium ore

A. Frame Contracting Ltd.

Uranium City, Sask.

Cluff Lake, "Uranium
Project''
(Amok Limited)

Saskatchewan

Cluff Lake, " D " Orebody
(Amok Limited)

Saskatchewan
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TABLE 3 (cont'd)
URANIUM MINE AND MILL FACILITIES LICENSED IN CANADA
(JULY 1980)
FACILITY NAME
(LICENSEE)

LOCATION

Cluff Lake, "Claude"
Orebody
(Amok Limited)

Saskatchewan

Cluff Lake " O P " Orebody
(Amok Ltd.)

Saskatchewan

Michelin Project
(Brinex Limited)

L. Kaipokok, Labrador

Kitts project
(Brinex Limited)

Nr. Postville, Labrador

Stanleigh Mine
(Rio Algom Limited
and Preston Mine)

Elliot Lake, Ontario

Stanrock Mine
(Denison Mines Limited)

Elliot Lake, Ontario

Rare Earth Resources
Limited

Haiiburton region, Ontario

Canada Wide Mines

Midwest Lake, Sask.

Blizzard Uranium Deposit
(Norcen Energy Resources
Ltd.)

British Columbia
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LICENSED
CAPACITY

HEALTH PROBLEMS IN THE URANIUM INDUSTRY
Introduction
The uranium industry has generated several health problems some of
which have been directly related to the radioactive nature of the materials
being handled. The major isotope of uranium is U-238 and this isotope is
radioactive with a half-life of 4.5 billion years. It decays through a complex
series of other radioactive daughter products until the end product becomes a
stable isotope of lead.
One of the intermediate daughters is radium-226, an alpha-emitting
radioisotope with a half-life of 1,620 years. Radium-226, like all alpha
emitters, is an isotope of concern if it is ingested into the human body. It is a
bone-seeker which is not readily eliminated by normal metabolic processes
and while in the body it decays through a series of other short-lived daughter
radioisotopes some of which are also alpha-emitters. Radium is always
present in the environment because its parent uranium is ubiquitous and there
are several pathways by which it can be ingested. The most obvious is through
drinking water and federal guidelines for drinking water have been established
which allow the maximum acceptable concentration of radium-226 in potable
water to be 27 pCi per litre of water. Other minor pathways of radium-226
intake are through eating fish harvested in contaminated water and eating
produce grown in areas of significant radium contamination.
The immediate daughter of radium-226 is radon-222 with a half-life of
3.2 days. Radon is an inert gas and it does not concentrate in the lungs so it is
less hazardous than its daughter elements. The latter are not gaseous but they
can become lodged in the lungs either attached to small particles of dust or in
their elemental (unattached) form. Some of these daughters are short-lived
alpha-emitters which, if inhaled, will irradiate the lung tissue which may then
become cancerous.
Other radioactive decay chains which have been considered as potential
hazards are those starting with uranium-235 (Actinium series) and thorium232 (Thorium series). Uranium-235 has a very low abundance (0.7 percent)
compared with uranium-238 (99.3%), and the corresponding inert radioactive
gas in the thorium chain (thoron) has a half-life of only 55 seconds. However,
thoron is often present in Canadian mines in measurable quantities, and
recently more attention has been devoted to this radioactive gas as a potential
hazard.
Most of the emphasis on the radiological hazards of uranium mining and
processing has been directed to the inhalation of alpha-emitting uranium
daughters. The effects of gamma radiation resulting from uranium ind its
daughters have been largely neglected as being less significant in low-grade
uranium mines. This view has been changing recently, particularly with
respect to high-grade ores in Saskatchewan, and in July 1979 the Board
announced a program which requires certain categories of uranium mine and
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mill workers to wear personal gamma dosimeters to measure the gamma
radiation they receive while working.
As mentioned above the decay products of uranium from uranium
mining, milling and refining operations have given rise to health concerns in
three distinct areas. Each had a common element in the fundamental
jurisdictional question over the uranium industry which has also been
mentioned previously. Resource management has traditionally been assumed
to be a provincial responsibility, yet aspects of this responsibility in the case
of uranium and thorium were assumed by the federal authority under the
Atomic Energy Control Act. As noted earlier, during its first years of
existence the t>oard was concerned primarily with maintaining secrecy around
Canada's uranium mining operations and ensuring the physical security of the
uranium which had been produced. All other regulatory aspects of uranium
mining, including health and safety, were to be provincial concerns and early
uranium prospecting and mining licences made this clear by stating that the
licence would only be issued provided the licensee would adhere to and
observe the provincial requirements relating to mine safety and cognate
matters.
The decision by the Board that it should primarily occupy itself with
security matters while leaving health and safety functions to the provincial
authorities was not only in accord with the jurisdictional arrangements agreed
between the federal and provincial authorities at the time, but it was also
consistent with the early views of the Government that the Board should act in
a policy-making and advisory capacity, leaving the operational control of
atomic energy to others. (A similar view was taken towards atomic energy
research at the Chalk River project — see Chapter 4). It also reflected the
Board's desire to maintain as low a level of staffing as possible while relying
on services obtained from other government departments. It is notable that
during the rapid expansion of the uranium mining industry between 1946 and
1958, when the number of producing mines increased from 1 to 26, the
staffing level of the Board remained unchanged & two professionals. It was
during this period that the ground work was laid for the concerns which were
to become apparent later on.
In the remainder of this section the three main problems in the uraniuum
industry will be considered separately.

Contamination of Lakes and Rivers
During the very rapid growth of the uranium mining industry in Ontario
in the Elliot Lake and Bancroft areas, adequate precautions were not always
taken by the mining companies to prevent contamination of the environment.
In fact it was not until after the uranium boom had peaked in 1959 that the
public became aware that the uranium surge had left behind some potentially
serious environmental problems due to radioactive and acid contamination
from mine tailings. One of the first airings of these problems was in the House
of Commons in 1960 when the Minister of Health and Welfare was asked to
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comment on the amount of radioactivity in Bow Lake in the Bancroft area of
Ontario. The Minister replied that under the Atomic Energy Control Act the
federal authorities issued a permit to mine but that mine safety and cognate
matters were a provincial responsibility. Regular sampling of Bow Lake had
been carried out by the provincial authorities but although the federal
Department of Health and Welfare had been kept informed of the results, they
were not directly involved. The questioning member (Hazen Argue) then
commented, "In other words there is no action taken by the federal
government to protect Canadians from pollution. That is shameful."(15) Mr.
Argue's comment v«is to be repeated in many similar ways over the next few
years.
The Ontario Water Resources Commission had been investigating
radioactive concentrations in streams and lakes since 1957, particularly in the
Elliot Lake region, and in 1964 it published a report showing that levels were
high enough to create an environmental problem (16). Radium concentrations
in the Serpent River System as high as 40 pCi per litre had been recorded and
these were well above the maximum of the provincial guidelines for drinking
water at that time of 10 pCi per litre (17). More mines had been opened in the
Elliot Lake area than in the Bancroft area during the uranium boom of the
1950s so that environmental concerns were greater in the former area than in
the latter. As a result only the environmental contamination problem arising
from operations at Elliot Lake will be further discussed in this section.
The major mining area in this part of Ontario is situated approximately
mid-way between Sudbury and Sault Ste. Marie. A local community to serve
the mines had been established at Elliot Lake by the provincial Government
and this community had grown to 25,000 people by 1959. With the
cancellation of the. American contracts and the subsequent reduction in mining
activity, the township population shrank to about 7,000 people by the early
1960s. Also by that time smaller companies had been absorbed by larger
companies until effectively only two major companies were operating in the
area, Denison Mines Limited and Rio Algom Limited. The reduced level of
operations which continued through the 1960s and into the 1970s undoubtedly
prevented the contamination problem from becoming as severe as it might
have been and follow-up work by the Ontario Water Resources Commission
after its initial report in 1964 showed in fact that the level of radium in natural
waters in the region was steadily declining (18).
With the increased uranium demand of the mid-70s, Rio Algom and
Denison planned to increase the extent of their operations and this time both
the provincial and federal authorities took steps to ensure that radioactive and
acid contamination of waters in the area should not occur to the extent that it
had previously. The provincial Environmental Assessment Board, which had
been created in 1976, was authorized to hold public hearings into matters of
environmental concern in the Elliot Lake area and report its findings to the
Minister of Environment (19).
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The topics covered by the report included:
(a) a description of—
(!) the environment that will be affected, or might reasonably be
expected to be affected, directly or indirectly
(2) the effects that will be caused, or that might reasonably be expected
to be caused, to the environment, and
(3) the actions necessary, or that may reasonably be expected to be
necessary, to prevent, change, mitigate or remedy the effects upon or
the effects that might reasonably be expected upon the environment
by the expansion of the uranium mining industry in the Elliot Lake
area, and
(b) an evaluation of the advantages and disadvantages to the environment of
any alternative methods of carrying out the expansion.
By 1976, a more active federal involvement through the AECB was also
apparent. An increasing level of Board staff made possible the creation of the
Mines Licensing Division in January 1978 to supervise all aspects of the
mining process, such as underground exploration, construction, operations
and de-commissioning. There was also an increase in joint federal-provincial
activities and in 1976 a Mine Inspector Training Course was instituted by the
AECB. The inspectors were appointed mainly from the provincial labour and
environmental regulatory agencies with the Board staff exercising a senior
auditing function. Representatives of the trade unions have also attended the
training course.
An Advisory Panel on Tailings, set up by the AECB, produced a report
in September 1978 which surveyed the mine tailings situation, identified
some continuing problem areas and made a number of recommendations (20).
The report acknowledged the lack of acceptable long-term methods of
managing uranium mine and mill wastes and suggested that a lead agency be
made responsible for future action in initiating and guiding relevant programs
— possibly the Department of Energy, Mines and Resources (EMR). One
initial program should be a res >w of all inactive uranium mine and mill sites
in Canada and, where hazai ous conditions prevail, there should be
immediate remedial action. Wbi re responsible management for inactive sites
was no longer available, the federal Government should designate an agency
to have custodial authority over the site. It was suggested that funds for
custodial care of abandoned sites and for the development of other programs
pursued under the direction of EMR might be obtained from a "waste
management levy" placed on the production of uranium. The current position
(1980) is that EMR is taking some initiative to coordinate development
programs in this area but funding will come from normal federal and
provincial appropriations with some contributions from mining companies.
Looking back on the activities of uranium mining in Canada it can be
seen that the reduction of mining activity in the early 1960s was probably a
fortuitously beneficial event. When the first mining boom occurred the Board
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was not in a position to exercise adequate environmental control, indeed the
required extent of control and the methods to achieve it were not fully
understood. The chemical and radioactive contamination of natural waters
which occurred during this period, while serious, was not permanent, and it
declined with the reduction of mining activity. The second surge in uranium
mining in the mid-1970s, coming twenty years after the first, found the Board
in a better position to exert a positive control in the interest of environmental
protection. General principles for the acceptable management of mine wastes
had been developed and the Board had acquired a staff who could ensure
compliance with these principles. As a result the second uranium boom, now
currently underway, should be able to avoid the environmental contamination
problems produced in the 1960s.

The Problem of Radon and its Daughters
The effect of radon and its daughters on the health of miners was
recognized long before radon itself had been discovered. As early as the 16th
century it was reported that miners near the Erz Mountains in Europe were
" . . . .dying from pestillential air they breath; sometimes their lungs rot
away" (21). While other noxious substances present in mine atmospheres
were also contributing to these lung diseases, subsequent investigations have
shown that radon daughters in these mines would almost certainly have been a
contributing factor (22).
As noted earlier, uranium is widely dispersed in the earth's crust so that
most forms of mining present a risk to mine workers from radon daughters
released to ill-ventilated areas. A high incidence of lung cancer attributed to
radon daughters has been reported among fluorspar miners in St. Lawrence,
Newfoundland, so it is not necessary for the mine to be specifically a uranium
producer for the radiation risk to be present (23).
The risk from radon does not come mainly from radon gas itself
(radon-222) but from the alpha particles emitted from its short-lived daughters
polonium-210 (radium A) and polonium-214 (radium C ) . These and other
daughters tend to attach themselves to dust particles or serve as nuclei for the
condensation of water vapour and they can then be inhaled either as attached
or unattached daughters. Once in the lungs, the alpha particles irradiate
adjacent lung tissue inducing changes in cells which may eventually become
cancerous. An assessment of the degree of risk posed by radioactive materials
in the mine atmosphere is complicated by the complexity of the physical and
biological processes involved, such as the amount of dust and humidity in the
mine atmosphere, the breathing rate and type of breathing (through mouth or
nose) of the individual, the amount of mucus and its distribution in the
bronchial passages, and the probable additive action of cigarette smoking on
the severity of the effect. Because of the uncertainty surrounding the amount
of radon daughters which are inhaled and then retained in the lung (24), the
concept of a unit of 'Working Level' (WL) was introduced which is a measure
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of the total alpha-energy of short-lived radon daughters in one litre of the air
that is being inhaled (25). The Working Level is a unit of concentration and in
order to use it as a measure of exposure it is multiplied by the exposure time in
months. The exposure is expressed in Working Level Months (WLM). This
exposure unit is a measure of the potential for radiation dose which a miner
can be expected to inhale from a mine atmosphere.
At the time of the uranium boom in the second half of the 1950s both the
health authorities and the uranium mining companies were aware that health
risks could be incurred because of radon daughters in uranium mines but the
extent of the risk was not fully known. A recommendation of 10 pCi per litre
for a safe maximum concentration for radon-222 in air for an occupational
exposure of eight hours per day had been made as long ago as 1940 (26), and
in 1943 the British X-ray and Radium Protection Committee recommended an
increase to lOOpCi per litre as an acceptable maximum concentration for a 24
hours per day exposure.
In 1948 however, the same committee reduced the maximum acceptable
concentration level of radon to 50 pCi per litre. In the early s 950s the US
Public Health Service developed a method for measuring the atmospheric
concentration of radon daughters. This led directly to the concept of Working
Level described above which was originally defined as 100 pCi per litre of
radium A and radium C (27). In 1953 the US National Committee on
Radiation Protection (NCRP) recommended a radon-222 concentration of 10
pCi per litre as being acceptable for continuous occupational exposure and the
same year an international symposium in New York recommended that the
maximum permissible concentration for radon including 'equilibrium dust'
should be 100 pCi per litre (28). Apparently the International Commission on
Radiological Protection (ICRP) accepted the value adopted in New York and
in 1955 it recommended a level of 100 pCi per litre of radon and its daughters
in inhaled air as an acceptable level for continuous exposure (29). The ICRP
later published a new recommendation in which the permissible concentration
for occupational exposure was reduced to 30 pCi per litre. This value was
published in 1959 and is still in use today (30). The maximum permissible
exposure to radon daughters of 4 WLM per year published by the AECB in
the 1978 Regulations was based on epiuemiological data correlating radon
daughtr- r xposure with the incidence of lung cancer. There is an approximate
correspo: it nee between the 4 WLM per year value and an annual do^e value
to the lung calculated from an occupational exposure of 30 pCi per litre.
The ICRP recommendations can be used to illustrate some of the
uncertainties surrounding the radon issue. Initially there was confusion
concerning what should be measured, radon alone or radon in combination
with its daughters. This issue was resolved in the early 1950s with the
introduction by the US Public Health Service of a method for measuring radon
and its daughters. However, by the mid-1950s there was still some confusion
in distinguishing between continuous exposures to radon daughters and
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occupational exposure for only part of each day. The former would obviously
require lower concentrations of radon and daughters in the air than the latter.
A further discussion of these and other aspects of the radon control problem
will be presented later in this section.
As noted above, when the uranium boom started in Canada in the 1950s
there was an awareness of the radiological risk in uranium mining even
though there was little quantitative evidence of its extent. In 1954 a joint
Government and industry study was conducted at the newly opened Beaverlodge Mine of Eldorado Mining and Refining Ltd., -vhich served as a basis for
assessing the problem, for developing practical field methods for measuring
radioactivity and exposure, and for guiding the operators in setting up
effective control (31). The study was reassuring so that when, in 1959, the
responsible Minister in the federal Government, Gordon Churchill, was
questioned in the House by Mr. Morton (Timjnins) as to " . . . .what has been
the experience to date, just what hazards peculiar to this (uranium) mining
industry have developed, and what steps the government has taken to combat
these hazards?", Churchill replied,
. . . .there are no special hazards attached to the mining of uranium that
differ from other mining activities, There is the question of control of dust
. . . and the provincial governments exercise supervision over those
precautionary measures.(32)
Pressing the question further Morton asked, "does that apply as well to
processing, in other words, from experience there has been no instances of
radiation poisoning . . . . in the processing of the ore afterwards?". Churchill's reply was a flat denial, "there is no radiation hazard in the processing
operations".(33)
These answers were in accord with the level of knowledge of the risk at
that time. Although there were suspicions that a problem could exist it was
believed that with proper precautions, particularly with respect to adequate
ventilation in the mines, there should be no particular radiological risks
associated with uranium mining.
During the early development of the Elliot Lake area, the Ontario Mining
Association established an internal advisory committee on uranium mines in
1956 which examined US and South African mining practices and, through
the work of the Mines Accident Prevention Association, was made aware of
the environmental conditions existing in the uranium mines. The realization
that there could be a problem of lung cancer among uranium miners came
about gradually, mainly through the deliberations of the Advisory Committee
on Occupational Health of the Ontario Mining Association. In the early 1960s
this committee began setting up occupational records designed to assess the
present and future risk of lung cancer in uranium miners. A Nominal Roll of
uranium miners was developed by the medical statistics unit of the Workmen's Compensation Board and figures of mortality by cause of death were
compiled. A report on the Findings was published in July 1974 and presented
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at an international conference later in the same year (34). The report estimated
that, from a total of 41 lung cancer deaths observed in Ontario in a population
of about 8,000 miners in the years J 955-72, there was an excess of 28 over the
13 lung cancer deaths to have been expected by reference to all contemporary
deaths of Ontario males.
In September 1974 the Government of Ontario, responding to questions
concerning the effectiveness of mine safety programs, appointed James M.
Ham as Commissioner to investigate matters related to the health and safety of
workers in mines (35). Part of that investigation was the health issue raised by
the exposure of uranium miners to ionizing radiation. Using updated data
based on the Ontario Uranium Nominal Roll, the Commissioner found that in
the period from 1955 to 1974 a total of 36 excess deaths due to lung cancer
were recorded for a population of just over 15,000 miners (36).
The Commissioner's findings aroused considerable agitation in nuclear
and anti-nuclear circles with demands that the regulatory authorities take
prompt and vigorous action (37). The response of the AECB is outlined
below, but before turning to that, an observation will be made on the results
preserved in the Ham report. Although without doubt the ionizing radiation to
which uranium mine workers are exposed increases their chances of contracting lung cancer, the incidence of the disease due to radiation cited in the
Ham report should be treated with caution. The comparison made with
contemporary deaths is with all Ontario males rather than with other hard rock
miners. Given the scope of the Ham Commission to investigate mining
conditions in general this comparison is not surpris.ng, but cancer-causing
agents other than radiation may be present in a number of mining activities
and to decide how much additional detriment is caused by the presence of
radon daughters in uranium mining is very difficult. The Ham Commission
thought a comparison with non-uranium miners "worth considering" (38),
and recommended accordingly. Such a comparison is currently being undertaken by the Ontario Ministry of Labour. The difficulties associated with
determining the degree of radiological detriment imposed on uranium miners
have been described in a recent publication (39) and more epidemiological
data will be required before a clear picture can be obtained.

The Role of the AECB
As noted earlier the major concern of the AECB in the early years of
uranium mining was the security of materials rather than the safety of persons,
but it did not entirely neglect the safety aspects of mining operations.
Uranium mines could only operate with the authorization of a licence issued
by the Board and, in agreement with provincial health and safety authorities,
such a licence would only be granted on condition that the operation complied
with the provincial safety laws. The actual wording which appeared on the
licence was:
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That, subject lo the Atomic Energy Control Regulations, any applicable
provincial statutes and regulations, or regulations affecting mining in the
Northwest Territories and the Yukon, as the case may be, insofar as they
deal with mine safety and cognate matters, are to be observed and complied
with in relation to said property and to all operations undertaken in
connection therewith.

This wording, or wording similar to it, has been included as a condition
of all licences issued by the Board to mine uranium to this date. During the
second half of the 1950s the Board urged provincial authorities to issue
radiological health regulations, but for various reasons none were forthcoming. As a result, the Board, with the advice of the Dominion Council of
Health (a Council of provincial Deputy Ministers of health), and taking into
account the recommendations of the ICRP, issued revised Atomic Energy
Control Regulations in 1960 which for the first time took account of the health
and safety precautions needed in the handling of prescribed substances. An
"atomic energy worker" was defined as a person whose regular business or
occupation required him to produce, store, use, dispose of or approach
quantities of radioactive prescribed substances in excess of the 'scheduled
quantity'. This latter quantity included 0.5 microcuries of radium-226 and
500 microcuries of natural uranium. The average uranium miner "produces"
and/or "approaches" quantities of these materials daily which are far in
excess of the 'scheduled quantity'. Despite this, uranium miners were not
considered to be atomic energy workers (40).
After the publication of its health and safety Regulations in 1960, the
Board continued to exercise a review rolf over the uranium mining industry
by meeting at irregular intervals with the provincial authorities and mine
managements. In 1961 the Ontario Department of Mines nominated some of
its mine inspectors to supervise radiation safety aspects of uranium mining
and under the 1960 Regulations these officials were appointed inspectors by,
and for, the Board. In 1959 the ICRP issued its recommendation for 30 pCi
per litre (equivalent to 0.3 WL) to be used as a maximum permissible
concentration of radon and its daughters for occupational exposure. The
Ontario Department of Mines and Energy called a meeting in 1960 to consider
this recommendation in light of the difficulty the Ontario mines were having
in achieving the previously accepted target of 1.0 WL. Experts from Chalk
River and the US Public Health Service were invited to the meeting but it is
indicative of the desire for provincial autonomy and of the standing of the
AECB at that time that the AECB was not consulted.
By 1964 only three uranium mines remained in operation at Elliot Lake.
One of them had substantially decreased the radon daughter levels in its
underground workings, but the other two were still high. The Board President
visited the two mines to express concern but no further action was taken.
When the US Public Health Service published a report in 1967 which showed
a higher than normal incidence of deaths from lung cancer in uranium miners
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in the USA (41), the uranium mining community at last had evidence of an
occupational health problem and, as a result, a meeting was held at the
Ontario Department of Mines in mid-1967 attended by Officials of the AECB,
Ontario Departments of Mines and Health, the federal Department of National
Health and Welfare and AECL.
As a result of concern expressed by the AECB and others at this meeting
it was decided that the 1.0 WL limit should be enforced, and a new
requirement for the maintenance of individual exposure records was issued by
the Ontario Mines Engineering Branch (42). The following year, 1969, again
on the recommendation of the AECB, a calibration facility was established at
the Elliot Lake Laboratory of the Canada Centre for Mineral and Energy
Technology, to help standardise radiation measuring instruments used in
uranium mines.
Subsequent to the 1967 meeting, the President of the AECB wrote to the
Deputy Minister of the Ontario Department of Mines to state that the Board
viewed the radon daughter problem very seriously and urged the Department
to require the mines to improve the situation. This was followed in 1969 by a
meeting between an AECB officer and officers of the Ontario Departments of
Mines and Health with representatives of Denison Mines to review progress in
the radon daughters hazard. In 1971, a further visit by a Board officer was
made to the Rio Algom and Denison Mines and progress in reducing radon
daughter levels was noted.
As conditions in the Ontario mines improved, the annual radon exposure
limit was lowered by the provincial authorities to 8 WLM effective January 1,
1973 , to 6 WLM on January 1, 1974 and 4 WLM on January 1, 1975.
When the revised Atomic Energy Control Regulations were issued in
1974 the Board reviewed its procedure for the licensing of uranium mines. A
Mine Safety Advisory Committee was established in 1975 which consisted of
representatives from the appropriate federal and provincial departments. No
representatives from industry or the trade unions were included on the
Committee. The mandate of the Committee was to consider the health and
safety aspects of mines and recommend conditions for licensing purposes.
In mid-1976 the report of the Ham Commission was issued which
pointed out strongly that the jurisdictional responsibilities for the safety of
uranium miners were unclear and recommended that "the Atomic Energy
Control Board review the basis for and issue explicit regulations establishing
the maximum permissible annual exposures to ionizing radiation for workers
in uranium and thorium mines and mills 1 ' (43).
The 1974 Regulations had included the lung in the category 'other single
organs or tissues' and as such had specified its maximum annual dose as 15
rems. In response to pressures generated by the Ham Commission Report, the
exposure of the lung to radon daughters received explicit mention in the
revised Regulations of 1978, and a maximum exposure of 4 WLM per year
was specified. In addition the term 'radon daughters' was added, where
94

appropriate, to other parts of the revised Regulations dealing with radiation
exposures (44).
The 1978 Regulations also amended the definition of 'nuclear facility' to
include " a Uranium or Thorium mine or mill" thus bringing these facilities
more clearly within the scope of the Board's regulatory activities.
After many years of indetermine action during which the Board relied on
provincial authorities to establish and enforce health standards for uranium
mine workers, in the mid-1970s the AECB took the initiative into its own
hands to do something about the "radon daughters" problem. It had assumed
in the past that the provincial authorities had the matter well in hand, and had
concentrated its meagre resources on reactor problems (see next chapter)
rather than on mining problems. The Board's attitude had also been coloured
by provincial assertions of autonomy in the mining and health jurisdictions
which would have muted any aggresive initiatives in these areas.
A similar attitude had been taken by Labour Canada, the other federal
department which might have taken action on the health and safety conditions
of uranium mine workers under Part IV of the Canada Labour Code. Again,
due to provincial claims of autonomy in the resource field, it was not clear
whether in fact Part IV would apply to uranium mines, so in late 1978 the
AECB asked the Department of Justice for an opinion on its applicability. The
opinion was favourable to federal involvement under the Canada Labour Code
and the Minister of Labour immediately committed his department to ensuring
that the provisions of Part IV were complied with in uranium mines. Although
this further strengthened the federal role in supervising the health and safety
aspects of uranium mining it naturally complicated the federal involvement
somewhat, requiring extensive negotiations between Labour Canada and the
AECB to determine their relative degrees of involvement.
During this period the Mine Safety Advisory Committee was playing a
useful role in coordinating the efforts of the several and provincial government agencies now involved in supervising uranium mining operations, and it
made a significant contribution to defining specific conditions to be appended
to mine licences. In particular, it provided the Board with detailed assessment
of mine proposals in the Bancroft (Madawaska Mines) and Elliot Lake
(Denison and Rio Algom Mines) areas which assisted the Board in reaching
licensing decisions. However, the Mines Safety Advisory Committee was not
used after 1977 and it was disbanded with the rest of the AECB committee
structure in 1979, with the Committee's coordinating role being carried out by
individual review groups established for each licensable facility.
Contamination at Port Hope
The radioactive contamination problem at Port Hope was recognized as
being serious enough to warrant remedial action in the second half of 1975,
but indications of questionable practices at the Eldorado plant can be traced
back over the prior thirty years. Sketching the development of the Port Hope
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issue will provide another illustration of the difficulties that faced the AECB
in trying to regulate the use of radioactive materials without being operationally involved in the process. It will be seen that, despite earlier warning signs,
it was only when an AECB inspector was sent to Port Hope to carry out
measurements on behalf of the Board in mid-1975, that the extent of the
contamination problem became apparent, and measures were taken to provide
a satisfactory schedule for clean-up operations. By this time Port Hope had
become a major media event with an adverse publicity fall-out indiscriminately blanketing the Board, Eldorado Nuclear Limited and the nuclear
industry in general.
As noted earlier, the Port Hope refinery was established by Eldorado
Gold Mines Limited in 1932 to separate radium from ore concentrates
containing large quantities of uranium. Between 1942 and 1954 the emphasis
at the plant changed from radium to uranium extraction and in 1954 the
radium refinery circuit was dismantled and replaced by one dedicated solely
to uranium refining. In the same year Eldorado established a waste management area on a 26-acre site in Port Granby, about nine miles west of Port
Hope, and this area has received wastes primarily from the post-1955 uranium
circuit. In addition Eldorado has deposited at Port Granby waste materials
from several other waste sites in the vicinity of Port Hope which had been in
use prior to 1955.
The waste storage sites previously used by Eldorado in the Port Hope
area and the approximate dates of their utilization are as follows: (45)
1933-41 — Eldorado plant site, SE and N Yard.
1941-45 — CN-Lakeshore Waste Management area.
1945-48 — Monkey Mountain Waste Management area.
1948-54 — Welcome Waste Management area.
1955-date — Port Granby Waste Management area.
The first two sites are within the Eldorado plant perimeter, and the next
two sites were originally just outside, but are now inside, the town of Port
Hope. After 1955, waste material was cleared from the older sites and
transferred to Port Granby. The quantities of this waste, and the amounts of
radium it was estimated to contain, give an idea of the magnitude of the
operation and the potential for residual contamination left behind at the old
disposal sites. In 1956 an estimated 2,236 tons (dry basis) of waste material
containing about 1 gram of radium-226 (1 gram of Ra-226 contains 1 curie of
radioactivity) was transferred from the Lakeshore site to Port Granby; in 1959
about 2,900 tons of waste containing about 90 grams of radium-226 was
transferred from Monkey Mountain to Port Granby; and in 1956 about 2,000
tons of waste containing about 80 grams of radium-226 was transferred from
the Welcome waste area. A fourth area, Pidgeon Hill, though not used for
storing refinery wastes, was used as a storage area for radium salts and
contained an incinerator used to reduce radium contaminated combustible
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material to ash which was then returned to the refinery for re-processing and
radium recovery. This facility became contaminated, largely from the
operation of the incinerator, and in 1974 when the site was cleared of
equipment and buildings the rubble and contaminated equipment were also
transferred to Port Granby. It is evident there was plenty of scope for finding
contaminated areas in the vicinity of Port Hope both from the residues left
behind at the previously used waste disposal sites and from the potential for
spillage during transportation from the refinery to the sites.
The first indication of a degree of carelessness in the handling of radium
at Port Hope was recorded over thirty years ago in a letter dated January 27,
1947 from Dr. C. J. Mackenzie (then a member of the AECB and President of
the NRC) to W.J.Bennett, the President of Eldorado Mining and Refining
Limited. Dr. Mackenzie reported that people at Chalk River were concerned
with the high level of contamination being brought into Chalk River by
visiting personnel from Port Hope. One individual had had his clothes taken
away and destroyed as they were contaminated far beyond the limits of
personal safety. The letter to Bennett was personal and confidential because
as Mackenzie explained, "We have no responsibility in the matter". It is
evident from his use of " w e " that Mackenzie was wearing his NRC/Chalk
River hat rather than his AECB one (46). Bennett replied on February 11,
1947 that he was already aware of the problem and was preparing a statement
for the AECB. He admitted it was a personnel problem that was "difficult to
hammer home at this phase of the operation" (47).
At a Board meeting on December 3, 1947 reports from Chalk River
personnel relating to conditions at Port Hope and a further letter from Bennett
were considered and the Board agreed that having regard to the nature of the
operations carried out at Port Hope, and pending cessation of fractioning and
tubing operations, the situation as to health hazards was not such as to warrant
any further action or intervention by the Board.
It is evident that a clean-up had been promised by Bennett, particularly
with respect to certain pieces of equipment, and the Board accepted these
assurances as being a satisfactory way of dealing with the problem.
About ten years later Eldorado developed a problem closer to home
which resulted in a town meeting in March 1956 at which the manager of the
Port Hope plant, J.C. Burger, answered questions on the operation of the
plant and the local contamination caused by it (48). The previous summer
some animals belonging to a local farmer had died and the fanner claimed
their deaths were due to radioactivity or to chemicals escaping from the plant.
Burger tried to reassure his questioners that plant pollution was under control
and that the new waste site just opened at Port Granby would futher reduce
environmental risk. Nonetheless when the farmer sued for loss of livestock
Eldorado, despite a claim that the deaths could have been caused by a drought
the previous summer, made a settlement for part of the claimed losses (49).
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There was no further serious questioning 01" a possible hazard for another
ten years until, in 1966, Prof. D.J. Andrews, a professor of nuclear
engineering at the University of Toronto, claimed in a CBC television
interview that he had discovered some radioactive 'hot spots' on the beacli
near Port Hope where the radiation was twenty times the level permitted for
long exposure, and that this posed a hazard to children playing on the beach.
The federal Government's response was that the hazards from this radiation
were insignificant for occasional exposure and that the beach was seldom used
by ch'ldren. The Government promised that the AECB and the Ontario
Department of Health had the matter under investigation and they would keep
a constant check (50). This controversy too, then died away.
It was to be almost another ten years before the last and major episode
erupted. Again it was triggered by a CBC television program aired on June
23, 1975 and entitled "How to Get Rid of Your Old Uranium". Comments
were made during the program on the high levels of contamination in water
issuing from the Port Granby waste disposal area and the Monkey Mountain
site, and statements were made that high gamma exposure readings had been
found at the latter location. Energy Probe, an environmental group located at
the University of Toronto, featured prominently in the siory. Questions
concerning the television program were asked in the House and the responsible Minister replied that an AECB representative had been sent to the sites to
conduct a survey (51).
The survey consisted of measurements of the gamma dose rate at various
parts of the waste sites and a review of water quality measurement data from
samples taken at the sites by Eldorado and the Ontario Ministry of the
Environment and its predecessor the Ontario Water Resources Commission,
some of the measurements going back to 1962. The gamma dose rate surveys
showed higher than acceptable readings at the Monkey Mountain and
Welcome areas with some high readings being found outside the protective
fence but still on Eldorado property. The gamma survey results from the
Pidgeon Hill and Port Granby sites were generally acceptable. Water quality
measurements when compared with drinking water standards showed high
arsenic concentrations at some points but it was pointed out by the Ministry of
the Environment that the water was not used for drinking and that in reality
the hazard to health was small. Radium-226 concentrations, particularly at
Port Granby, were also considerably higher than the accepted limit but after
discharge into Lake Ontario the concentration was quickly diluted below the
maximum acceptable level. As a result of this survey the Board issued
instructions to Eldorado concerning improvements in the physical security
arrangements around the waste sites and also ordered modifications to be
made in the waste management procedures.
A follow-up investigation by the staff of Eldorado into the records of
waste disposal activities from Port Hope then led to the suspicion that some
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radioactive contaminated material from Eldorado sites could have been
diverted to the sites of two private homes in Port Hope. Investigations soon
showed that both the homes contained unacceptably high levels of radon gas.
Questioning of past employees and long term employees at the Port Hope
plant, and assistance from local citizens responding to advertisements in the
local newspaper and on the local radio station, revealed other sites in Port
Hope which might be similarly contaminated. Refinery wastes had been
widely sought after as land fill in this hilly town and measurements at the
suspected sites showed that a number of them contained high gamma radiation
levels or radon concentrations. Remedial action was instituted. The number of
contaminated sites discovered continually increased, culminating in
December 1975 in the discovery of radon levels up to 20 times the acceptable
level inside St. Mary's Separate School in Port Hope. Although this level did
not pose an acute risk to health it was considered prudent to close the school
(52).
At this point a systematic survey of the whole town was begun in order to
locate any areas where the gamma radiation level was higher than normal.
Suspect areas were then investigated in more detail, including taking samples
of air from inside the houses for radon analysis. Eventually almost every
property in Port Hope was surveyed, about 3,500, of which 441 required
some form of remedial action. Most of this work had been completed by the
end of 1979 and compliance checks had shown that radiation contamination
was below the maximum permissible level.
Once the extent of the problem began to take shape, the federal
Government set up a joint federal-provincial Task Force and the AECB was
named as 'lead agency' to assume operational control of the investigation and
remedial measures in Port Hope. An information office was set up in the town
in February 1976, in cooperation with the Ontario Ministry of Health, which
served as an operational centre for the hastily assembled teams of radiation
surveyors and as a communication centre for the local population. The latter
aspect was important since although there was no serious immediate health
risk to the population of Port Hope as a result of levels of radon and gamma
radiation found in the town, the 'scare' stories published almost daily in the
media as new signs of contamination were found, left the inhabitants in a
nervous state and requiring reassurance. Factual information regarding the
nature of the hazard has dispelled some of the uncertainty but a residue still
remains as shown by the reluctance of Port Hope and neighbouring communities to allow the construction of waste residue disposal sites in their
neighbourhoods. Although most of the radioactive contamination in Port
Hope has been cleaned up, the emotional fall-out that the radioactivity has
generated could well have a long half-life. Some form of continuing interest
on the part of Port Hope residents is assured since an epidemiological study of
the local popuk:; -,<i is being carried out which will extend over many years.
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URANIUM EXPORTS
The cyclical growth pattern of the Canadian uranium industry which
expanded in the 1950s, declined in the 1960s and expanded again in the 1970s
was described briefly earlier in this chapter. Each stage in the cycle may be
traced to conditions existing in the uranium export market since the Canadian
domestic market has produced only a small demand for uranium and
consequently has had only a small impact on the cyclical pattern. The first
expansion, due to the demands of the USA for uranium for its weapons
program, was followed by a decline when the needs for this program were
satisfied. The next expansion period was due to demands for uranium to fuel
an expanding international nuclear power industry. This section will be
concerned with the events from the middle of the period of decline, roughly
from the mid-1960s, through the resurgence of the market in the 1970s.
When American contracts were not renewed in 1959, exports of uranium
from Canada fell from a level of nearly 16,000 tons of U 3 O 8 in 1959 (53) to
about 3,500 tons in 1965 (54) and were obviously due for further reductions in
subsequent years. Shipments to the USA weapons stockpile were completed
in 1966, and further sales of uranium to the USA for power reactors were
prevented by the passage of a law in 1964 which excluded foreign uranium
enriched ; r H3 Government-owned facilities from the domestic USA power
reactor market. The USA, at that time, provided 70% of the 'free world'
market and, although Canada strenuously protested the restriction, no
corrective action was taken by the USA for many years (55).
The only major contract for Canadian uranium in the offing in 1965 was
one from France. That country had begun negotiating with the Denison
Mining Company in the previous year to purchase uranium for its weapons
program. The Canadian Government was uneasy about the proposed contract
because it promised to take too large a proportion of Denison's reserves and
also because the price was considered to be too low. An additional factor to be
considered was the end-use of the material for weapons production. Although
up to this point most of the uranium exported had been destined for nuclear
arsenals, by the mid-1960s many countries, including Canada, were becoming uneasy about the possibility of nuclear weapons proliferation but
international measures of control in the form of the Non-Proliferation Treaty
were still some years away (see Chapter 10). It was in mid 1965, during this
period of decline, that a major policy announcement on uranium was made by
the Government. As one part of this new policy the Government decided that
export permits would only be given for sales contracts if the uranium were to
be used for peaceful purposes. "Before such sales to any destination are
authorized, the government will require an agreement with the government of
the importing country to ensure with appropriate verification and control, that
the uranium is used for peaceful purposes only" (56).
By imposing its own safeguards conditions on Canadian uranium the
Government showed its concern over a deteriorating international nuclear
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weapons situation (57), but it also effectively blocked the commercially
undesirable Denison sale since it was known that France would not accept
safeguards restrictions on its imported uranium. It is impossible to know how
much of the Government's motivation was provided by morality and how
much was provided by commerce, but both factors supported the decision to
apply safeguards on uranium sales at a time when the market prospects were
low.
A second part of the 1965 policy statement consisted of measures
designed to assist the ailing uranium industry. Firstly, the Government would
authorize forward commitments to supply uranium for the anticipated life of a
nuclear power reactor, up to 30 years. Secondly, it would authorize exports so
that stocks of uranium for five years could be accumulated in an importing
country. Finally, it would purchase uranium for stockpiling to the amount
necessary to maintain an appropriate minimum level of employment and
production in the uranium mining industry. Thus the Government policy
could be viewed as asserting its morality by insisting that Canadian uranium
be used only for peaceful purposes and at the same time demonstrating its
readiness to shoulder part of the economic burden of its policy by funding a
stockpiling program for the industry.
In 1969 a further policy statement on uranium was made by the Minister
of Energy, Mines and Resources in the House of Commons. After referring to
significant changes which had taken place since 1965, particularly the
growing world requirements for uranium as a result of an increasing
dependence on uranium fuel for future electric power generation, the Minister
quoted the preamble to the Atomic Energy Control Act to the effect that
" . . . .it is essential in *»£ national interest to make provision for the control
and supervision of the development, application and use of atomic energ y . . . . " , and then went on to say:
To protect the national interest in the different circumstances which now
face us we will henceforth require that all contracts covering the export of
uranium or thorium be examined and approved by the appropriate federal
agency before any application for an export permit is considered. The
examination will cover all aspects and implications of the contract such as
nuclear safeguards, the relationship between the contracting parties,
reserves, rate of exploitation, domestic requirements, domestic processing
facilities, and selling and pricing policy. Approval will not normally be
given to contracts of more than ten years duration unless provision is made
for renegotiation of price, (my emphasis) (58)
The Government was now using the provisions of the Atomic Energy
Control Act to exert control over some commercial aspects of uranium
marketing such as prices and selling policy which had not previously received
overt mention. The 'appropriate federal agency' which would examine and
approve the contracts would in fact be two agencies, the AECB and the
Department of Industry, Trade and Commerce.
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Meanwhile the government's stockpile of uranium continued to grow.
The first stockpile, accumulated from July 1963 to July 1964, contained
2,700 tons of uranium oxide (U3O8) purchased for $24.5 million (59). A
second stockpile resulting from the 1965 policy statement accumulated a
further 6,950 tons valued at $76.9 million between July 1965 and July 1970.
The total value of the inventory in 1970 was thus $101.4 million acquired at
an average cost of $5.25 per pound of U3O8.
In March 1970, as a result of an attempt by a foreign-owned company to
buy a controlling interest in Denison Mines Limited, the Prime Minister
announced that the Government would, if necessary, introduce an amendment
to the Atomic Energy Control Act to prevent such a transaction (60). The
takeover bid collapsed but later that year a joint Government-Denison
stockpiling program was announced with the Government paying $4.56 per
pound for its three-quarter share of the stockpile (61). A Crown agency,
Uranium Canada Ltd, was set up the same year to administer the government's uranium stockpiles.
In the early 1970s the situation in the uranium market was becoming
desperate. Canada and the other producing countries had major stockpiles of
uranium and if recently discovered deposits in Australia were exploited the
oversupply situation would become considerably worse. The world's largest
market, the USA, was still closed to foreign producers, yet American
companies were free to market their surplus uranium abroad. The utilities and
the reactor vendors were reluctant to enter into contracts knowing that the
market was weak and likely to get weaker. Some sales were made during this
period at prices as low as $4.00 per pound which was below the production
costs of uranium for most producers. Because of depressed prices, exploration
for uranium came almost to a standstill despite the fact that an obvious need
for more uranium would be developing in the late 1970s.
In 1971 and 1972 Canadian Government representatives held discussions
with representatives from the consuming countries to alert them to the current
conditions and their long-term undesirable consequences. While the problems
were acknowledged, the consuming nations and utilities made no effort to
resolve them (62).
The Canadian Government then authorized representatives from
Eldorado Nuclear Limited and Uranium Canada Limited to meet with
international uranium producers in early 1972 to discuss possible marketing
arrangements for the non-US market. Private producers were also in attendance at the discussions (63). As a result of these meetings informal
marketing arrangements were agreed between Canada, France, South Africa
and Australia which excluded the domestic markets of these countries and
also the USA domestic market. These marketing arrangements were approved
by the Canadian Government and although some of the discussions leading to
them had been held in secret, the Government now publicly announced its
intention to control the market for Canadian uranium.
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First the Atomic Energy Control Regulations were amended in August
1972 by adding the following subsection:
a permit to export prescribed substances shall not be granted unless the
Board is satisfied that the prices stipulated for, and the quantities of, the
prescribed substance proposed to be exported meets such criteria, if any,
respecting price levels and quantities as may be specified in the public
interest in a direction given to the Board by a Minister. (64)
Immediately afterwards the Government issued a further statement on its
uranium policy explaining that a Direction had been given to the AECB under
the new Regulation. After referring to the June 19, 1969 policy statement
mentioned above, the Minister's statement went on to say:
In order to stabilize the current uranium marketing situation and to promote
development of the Canadian uranium industry, I have today issued a
Direction to the Atomic Energy Control Board covering such aspects as
minimum selling prices and volumes of sales to export markets. Because of
the nature of uranium export contracts it would not be in the public interest
to disclose further contract details at this time. (65)
The Direction provided to the Board which "it would not be in the public
interest to disclose" was subsequently published by the then Minister of
Energy, Mines and Resources, Alastair Gillespie, in 1977 (66). It showed that
the Board was given instructions concerning the minimum price at which
uranium contracts would be approved, a price increasing from $5.40 per
pound of U 3 O g in 1972 to $7.50 in 1978. It also detailed the market quotas
established among the supplying groups with Canada being awarded the
largest share of the market, 33.5%. Finally, the distribution of the Canadian
quota among Canadian suppliers was listed with the major share, 52%, to be
provided from the Denison Mines/Uranium Canada stockpile (67).
The prices, quotas and distribution had been settled by negotiations
between representatives of Eldorado Nuclear, Uranium Canada Limited and
the producing countries and companies (68). By fixing i 'floor' to uranium
prices, Canada and the other producers hoped to forestall further competitive
reductions in the price of uranium by reactor vendors and utilities. Such
reductions would have meant that many mines would be closed as being
uneconomic so that in a few years time when the market began to expand
considerably the uranium production capacity would no longer be in place,
with consequent dire results for the users.
As it turned out, the uranium producers group was effective for only a
very short time before its operations were overtaken by events. At the end of
1973 the OPEC oil embargo resulted in an increase in the price of oil by a
factor of four in a few months and the prices of other energy sources
immediately increased. Between 1972 and 1976 the price of uranium rose
from $6.00 a pound to over $40.00 a pound and the minimum prices set by the
suppliers group soon became meaningless. The last Direction sent to the
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AECB was provided in March 1974 and the suppliers group was disbanded
the following year.
The activities of the group might have remained secret and only
deserving of passing mention except that in mid-1975 Westinghouse, who had
promised forward deliveries of uranium to its reactor customers at a time
when prices were low, had not actually contracted for deliveries at these
prices. During the first few years that it was selling its reactors Westinghouse
had contracted for uranium when reactor orders were placed but apparently
this corporate policy was reversed in view of the sagging prices in the uranium
market. Since Westinghouse was a major buyer of uranium its exit from the
market had caused prices to depress still further in the early 1970s thus
justifying the decision to delay placing uranium contracts. Unfortunately, the
sudden rise in prices after 1973 caught Westinghouse in a short position and it
now found that it could not afford to buy at the current prices without losing
the better part of $2 billion on the deal. The revelation of Westinghouse's
short position caused prices to shoot up even faster and Westinghouse was
unable to meet its commitments on its uranium supply contracts. One of its
defences in the subsequent lawsuits levelled against the company was that the
activities of the suppliers group had caused the rise in prices and this had been
"unforeseeable" in normal commercial operations. The American courts
hearing the case subpoenaed Canadian documents which the Canadian
Government promptly protected by passing a Regulation which made their
disclosure illegal (69), and the resulting publicity brought a great deal of the
operations of the uranium suppliers group to light.
The Canadian Government was particularly concerned by allegations
that the operations of the uranium suppliers group amounted to the conduct of
an illegal cartel and in 1977 an investigation was begun by the Department of
Consumer and Corporate Affairs to determine whether the officials operating
the suppliers group had acted illegally. These investigations, at time of
writing, are still incomplete.
The erratic developments in the uranium export industry did not end with
the disbandment of the uranium suppliers group in 1975. The OPEC embargo
of 1973 not only produced a surge in uranium prices, it also produced a surge
in uranium demand as countries turned increasingly to nuclear power in order
to escape the vagaries of a cartel-dominated oil market. From a position of
having a large surplus stockpile the Canadian Government could look ahead
for a few years to a period of eventual uranium shortage and as a
consequence, a new policy for uranium was announced by the Government in
1974(70).
The main concern of this policy was to ensure that sufficient uranium
was available for future Canadian use, and only then would any surplus be
available for the export market. To this end the Government directed that a
supply of uranium must be held in reserve to fuel all Canadian nuclear power
reactors then operating, or planned for operation 10 years into the future, for a
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period of 30 years from their in-service dates. The utilities would share with
the uranium producers the responsibility for ensuring they had adequate fuel
by contracting for a forward supply of fuel for at least 15 years. The utility
would be required to demonstrate compliance of this aspect of the policy to
the AECB. A Uranium Resource Appraisal Group was established within the
Department of Energy, Mines and Resources to audit Canadian uranium
resources which were recoverable at prices of up to twice the current world
market price. Finally, uranium was required to be exported in the most
advanced form possible in Canada. Since most of Canada's uranium goes to
fuel enriched light water reactors, this meant that the exported form would be
as uranium hexafluoride which is a suitable feedstock for uranium enrichment
plants.
Thus by 1975 the Government, through Regulations issued under the
Atomic Energy Control Act, had circumscribed the activities of the uranium
industry as effectively as it had in the days of atomic secrecy 30 years earlier
(71). The regulatory net covered prices, quantities to be produced and kept in
icserve, and all contract details such as forward delivery and safeguards
agairist military use. In addition, foreign customers were persuaded by the
impending uranium shortage to 'renegotiate' contracts previously concluded
at lower prices so that the new prices would more accurately reflect current
marketing conditions.
The changes in the Canadian uranium industry, from the beginning of the
1970s when the Government was stockpiling to keep the industry alive, to the
end of the 1970s when the Government has been operating in a seller's
market, have been most pronounced. The Government's role in controlling
the industry has developed from a primarily commercial orientation to one in
which the principal criteria are political and both roles have been effected by
means of the Atomic Energy Control Act. It is probable that the political
aspects will continue to dominate although there is one further commercial
facet which remains to be explored. This is for the Government to consolidate
its nuclear exports position by overtly joining its uranium sales to the purchase
of a Canadian nuclear reactor. The possibility of this type of transaction has
been receiving consideration (72).

The Role of the AECB
The Atomic Energy Control Act of 1946 allowed the AECB to regulate
the sale of prescribed substances, such as uranium, and the Atomic Energy
Control Regulations of 1947 prohibited the export of a prescribed substance
without a permit from the Atomic Energy Control Board. During the 1950s
and the early part of the 1960s, all export sales of uranium were made through
Eldorado Mining and Refining Limited and export permits were issued
routinely by the Board to permit the fulfillment of contracts for uranium sales
negotiated by that Crown Corporation.
The first indication that the Government wished the Board to play a more
active role in controlling uranium exports came with the 1965 policy
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statement by Mr. Pearson mentioned earlier. In order to block the projected
sales of uranium by Denison to France, the Government imposed safeguards
on the use of uranium and stated that all future exports would be conditional
on the completion of bilateral agreements between Canada and the importing
country. The AECB, together with the Department of External Affairs, were
the major government agencies in negotiating these agreement. The focus of
the negotiating activity shifted over time between the AECB and External
with the AECB at first playing the major role in drafting the agreements and
then with the responsibility devolving more on External during the 1970s.
A further role for the Board in uranium exports was expressed in the
Government policy statement of 1969. This statement arose from what was
considered an imminent increase in uranium sales due to the world's
expanding nuclear power program and looked ahead over the next 10 years
when a burgeoning uranium market would be in prospect. The AECB staff
was largely responsible for drafting the 1969 policy statement which directed
that henceforth all contracts covering the exports of uranium or thorium would
be examined and approved by 'the appropriate federal agency' before
applications for an export permit would be considered. The 'appropriate
agency' provision was intentionally vague so that other government departments could be included later, but initially it was intended that contracts
would be examined by the AECB and the Department of Industry, Trade and
Commerce. These two agencies, acting in concert, were able to apply
complementary expertise to the examination of contracts. The AECB for
example, had good knowledge of the world's uranium reserves and uranium
markets, and IT&C had experience of international contract negotiations.
The contracts which were provided to the agencies for their approval
usually came from uranium mining companies. During the boom period in the
1950s, Eldorado Mining and Refining Limited had acted as the Government's
agent for uranium sales except that since 1958 sales by private producers of up
to 250 pounds with not more than 2,500 pounds going to one country, had
been allowed (73).
During the slump of the early 1960s there were no sales, but in 1964
came the thwarted sales attempt by the Denison Mining Company Limited.
After the mid-1960s an increasing number of contracts for uranium sales were
entered into between individual mining companies and foreign importers in
countries such as Germany, the UK and Switzerland. Eldorado's role in
export sales ended with completion of the USA and UK contracts and the need
to provide a controlling mechanism through other government agencies was
one of the reasons for producing the 1969 policy statement.
The 1969 statement was somewhat premature in its assumption of an
increasing world market and, as noted above, marketing conditions went from
bad to worse in the early 1970s leading the Government to approve
arrangements for the orderly marketing of uranium.
In 1972 the Government used the Atomic Energy Control Regulations to
control economic factors in the uranium market and this action was initially
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opposed by some Board staff and by some Board members. They took the
view that the AECB should be primarily concerned with the health and safety
aspects of atomic energy and that the commercial aspects of uranium export
sales would be better controlled by other government departments. It was
pointed out to the Government that the legislative instruments required to
control prices and quantities were already in place in the Import-Export
Control Act administered by the Department of Industry, Trade and Commerce (IT&C) and that that department through its Act should be the preferred
entity to impose this type of control.
This view was not accepted by the Government. One possible reason was
that agreements on prices and quotas arrived at by Energy, Mines and
Resources (and Uranium Canada Limited) negotiators in consultation with
other producers could be more directly imposed on the AECB than on IT&C.
Since EMR and the AECB both report to the same Minister, directives
containing prices and quotas could be prepared by EMR for signature by the
departmental Minister for onward transmission to the AECB. It should also be
noted that, as a government agency, the AECB must react as a result of a
Ministerial Direction (74), whereas a regular department such as IT&C can
react with only a verbal instruction from the Minister to his departmental
officers. If the Government were intent on keeping its operations above board
as far as possible, a written Direction, even though classified Confidential at
the time, could be used later as documentary evidence of the Government's
honourable intent. In fact a series of seven Confidential Directions issued by
the Minister to the Board between August 1972 and March 1975 were issued
as public documents by the Government in 1977. The last one cancelled all
previous Directions and simply recommended that the optimum value for
Canadian uranium resources should be obtained in future contracts. By the
time this last Direction was issued, uranium prices had increased well above
the minimum levels set in previous Directions.
One further application of the Atomic Energy Control Act in relation to
the story of uranium exports occurred in September 1976 when the federal
Government approved a Regulation to prevent the removal from Canada of
information relating to uranium marketing activities during the period
1972-75. After Westinghouse had been caught short in its uranium contracts it
appealed for relief from the US courts on the grounds that the price increases
subsequent to 1972 were mainly as a result of illegal price fixing by the
alleged cartel. The US court issued subpoenas calling for the presentation of
information in the possession of US companies, their subsidiaries and
affiliates "wherever located". Since the marketing arrangement had been set
up at the direction of the Canadian Government and since the uranium
producers in Canada had acted with the approval and sometimes at the
specific request of the Canadian Government, this issue was regarded by
Canada as one of sovereignty. The Government therefore moved to prohibit
the removal of such documents from Canada by means of the Uranium
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Information Security Regulations (75) issued under the authority of the
Atomic Energy Control Act.
The legality of these Regulations has been challenged twice. First in the
Ontario Supreme Court by Opposition Leader Joe Clark and others (76) and
then by Gulf Oil Corporation in the Supreme Court of Canada (77). In both
cases the applications were dismissed.
Meanwhile the question of whether the marketing arrangements made
under the Regulations of 1972 violated the Combines Investigation Act has
still not been resoived. The Minister of Consumer and Corporate Affairs
directed the Director of Investigation and Research in his Department in 1977
to conduct a formal inquiry under the Combines investigation Act into the
marketing arrangements. This inquiry is still proceeding (July, 1980) and the
Board staff who were active in administering the Directions issued under the
Regulation between 1972 and 1975 have given evidence.
The question remains, did the alleged cartel artificially inflate uranium
prices above the increases which would have taken place anyway? The
definitive answer is difficult to arrive at, because of the nature of the size and
duration of the contracts and an uncertain comparison with corresponding
prices in the American market. Generally the agreed prices appear to have
been lower than 'spot' prices on the USA market except for two months in
1974. Perhaps the fairest assessment of the activities of the alleged cartel has
been provided by Morrison and Wonder who say:
It might not be unfair to suggest that the cartel gave prices a small, but
timely and significant shove, and that market forces carried them upwards
thereafter. (78)
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CHAPTER 8

AECB and the Nuclear Power Industry
Introduction
Throughout its history, the two major 'clients' of the Atomic Energy
Control Board have been the uranium industry and the nuclear power
industry. In this chapter the relationship of the AECB to the nuclear power
industry will be examined. The industry can be conveniently divided into four
major sectors and each will be discussed separately.
The central and largest sector is the power reactor industry which has
continually expanded in size and complexity since the first demonstration
power reactor was committed in 1955. Since that time this sector has occupied
more of the time and resources of the AECB than any other single topic and in
terms of personnel it continues to be the major preoccupation of the Board
staff.
The other three sectors may be considered as providing supporting
services to the reactor industry.
Heavy water is a unique and vital component in the CANDU reactor
system and a heavy water industry has been created to ensure Canadian
self-sufficiency in this material. Although heavy water is not a radioactive
material its production has always been subject to regulation by the Board.
The disposal of radioactive wastes produced by nuclear reactors has not
yet provided a waste disposal industry, but the first permanent waste
repository is expected to be committed in the late 1980s. The health and safety
aspects of this embryonic industry have already created regulatory problems
for the Board and these are expected to increase in both number and
complexity as the industry matures.
Finally, a fuel fabrication industry has been created in Canada to serve
the needs of the power reactor industry. This sector, of necessity, had to be
partially in place even before the first power reactor went into service and it
has since expanded in parallel with the reactor industry. The evolution of
these four sectors of the nuclear power industry has supplied the Board with a
series of unique and challenging problems. In each case the nature of the
evolution and the Board's response to it will form the substance of the
discussion in each sector.
113

THE NUCLEAR POWER REACTOR INDUSTRY
History of Canada's Power Reactor Program
When AECL was created a Crown Corporation in 1952, one of the major
reasons for separating it from NRC was the increasingly commercial nature of
its activities. These commercial activities were associated with the research
reactors at Chalk River and there was at that time no commitment by the
Canadian Government to engage in commercial exploitation of nuclear
power. Despite the lack of commitment, the possibility of producing nuclear
power was under active discussion during 1952, not only among Chalk River
personnel (1) but also between the President of AECL (Dr. Mackenzie), R.L.
Hearn (who as well as being a member of the Board of AECL was also the
chief engineer of HEPCO, the Hydro Electric Power Commission of Ontario)
and the Government repesented by C D . Howe, the Minister of Trade and
Commerce.
The first official indication that the Government was actively considering
a nuclear power program for Canada came in early 1953 when, during the
course of a debate in the House of Commons, Howe stated;
Here in Canada we believe that the time has come to undertake the
development of atomic power in this country, and discussions are going on
as to ways and means of bringing about that development. We feel that the
production of power is the concern of those who distribute power,
organizations like the Hydro Electric Power Commission of Ontario, or the
major privately owned power companies. (2)
AECL began a power reactor feasibility study in 1953, and its "objective
was the determination of an outline specification for a small or prototype
power reactor".(3) A study team was formed headed by Harold Smith of
HEPCO and included representatives from power utilities (HEPCO, British
Columbia Electric Company, Shawinigan Water and Power Company, and
Manitoba Hydro) and industry (Canadian Brazilian Services, Montreal
Engineering Company, and Babcock and Wilcox Company) (14).
It was obvious that AECL would have to play a lead role in this study but
even at this early stage its future involvement in reactor production was seen
as being limited to supplying advice on the nuclear aspects of building
reactors without involvement in detailed design and construction.
Under the arrangement contemplated, AECL will supply all the necessary
nuclear data and will be responsible for the performance from a nuclear
standpoint. The contracting firm will be responsible for design and
construction and for mechanical performance.(5)
AECL clearly envisioned that Canadian industry would not only have to
provide the facilities and expertise for reactor construction, but that this
expertise would also have to extend back a further stage to the actual design of
nuclear reactors. In its role primarily as a research and development
organization, AECL would assume a support role in supplying nuclear data
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but the application of this data to design and construction was beyond AECL's
conception of its responsibilities (6). The formation of the study group to
examine the feasibility of nuclear power production involved Canadian
industry from the outset and descriptions of industrial involvement in nuclear
power formed a major section in most of the AECL Annual Reports of this
period.
The design study for the small prototype nuclear power reactor was
successfully concluded in 1954 and in December of that year AECL invited
proposals from industry and the utilities for the construction and operation
respectively of the nuclear power station. The participation of seven industrial
companies was solicited and all were advised that they would have to make
some financial contribution towards the project (7). As a result of the
proposals received, AECL recommended, and the Government agreed, that
Canadian Genera! Electric Limited (CGE) should be awarded the contract (8).
Two utilities, the Hydro Electric Power Commission of Ontario (HEPCO, later to be known as Ontario Hydro) and the Nova Scotia Light and
Power Company Limited made specific proposals for participation in the
project, and two other utilities, the Nova Scotia Power Commission and the
New Brunswick Power Commission indicated some interest. AECL recommended, and the Government approved, that the proposal of HEPCO be
accepted (9).
The estimated cost of the prototype reactor, which was to be called NPD
(Nuclear Power Demonstration) was $14.4 million. Of this sum AECL was to
provide $9 million, HEPCO $3.5 million and CGE $2 million (10). HEPCO
was to provide the site and the conventional part of the station (turbines,
generators etc.), CGE was responsible for the design and construction of the
nuclear part of the station and AECL was to provide the data required for the
design of the nuclear part and be responsible for performance from a nuclear
standpoint. The estimated completion date was early 1958 (11).
Neither the cost target nor the completion date for NPD were met, the
major reason being that the design underwent considerable changes about a
year after the project had started. The original design called for the core of the
nuclear reactor to be contained inside a pressure vessel. The manufacturing
capability for large high pressure container vessels did not exist in Canada and
this item would have had to be imported. It would clearly be preferable to use
a modular pressure-tube design, but the tubes would have to possess good
mechanical and corrosion resistant properties together with a low tendency to
absorb neutrons. Such a material was not available when the design phase for
NPD started but the US Bettis Laboratory at Pittsburgh succeeded in
developing an alloy of zirconium, zircaloy-2, for fuel cladding. This material
had the necessary properties and it made the pressure tube concept practicable.
This material had been tested in the NRX reactor at Chalk River since
1953 as part of the Canada-USA collaborative program so that designers at
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AECL had the confidence in it to specify it for use in a reactor (12). As a
result NPD was redesigned to use the pressure-tube concept in which bundles
of uranium fuel were contained in individual tubes as part of the reactor core
(13).
This arrangement led to another design change since now the changing of
fuel could be done on an individual tube-by-tube basis while the reactor was
still operating, with fresh fuel being inserted at one end of each pressure tube
and spent fuel being extracted from the other. A special refueling machine
was designed which could be remotely controlled to locate any one of the
tubes for fuel insertion or extraction. The NPD design concept now contained
all the basic features which were to make the CANDU series of reactors which
were to follow it unique among the world's power reactor types. It was fueled
by natural uranium, moderated and cooled by heavy water, had a horizontal
pressure-tube core arrangement and could be refueled while on power.
The NPD station was not expected to produce electricity on an
economically competitive basis with other power stations being operated in
Canada at that time. It was intended to provide proof-of-principle of the
concept of a nuclear power reactor and also furnish information for more
realistic cost estimates which could be applied to a larger station. There were
grounds for believing that a large reactor could be competitive with existing
coal-fired power stations, but to achieve this it would be necessary to
construct a station with an output of one or more hundreds of megawatts
rather than the 20 megawatts which was the design output of NPD.
When the feasibility study for NPD was completed in 19S4 a decision
was made by AECL to undertake a preliminary design study for a large power
reactor capable of producing 100 megawatts electric (14). This study was
undertaken by part of the NPD design team and when it was completed in
1957 the power output of the proposed reactor had increased to 200
megawatts, which conformed with the standard unit size proposed by the
utility at that time. The preliminary estimated cost was $60 million. In
February 1958, Government approval was obtained to start a four year
program of engineering development for the new reactor (15).
This program was only sixteen months old when, in June 1959, upon the
recommendation of AECL, the Government authorized the company to begin
construction of the 200 megawatt reactor without waiting for the completion
of its design and-development phase, or for the NPD station to go into
operation.
This decision to proceed was based on the confidence in the design, the
experience provided from the NPD design, the success of the fuel
development program at Chalk River, and on the realization that a full scale
plant must be built and operated before real costs of large stations can be
known. (16)
The new station was to be built by AECL at Douglas Point, Ontario, in
collaboration with Ontario Hydro. AECL would pay for the cost of the station
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and Ontario Hydro would provide the site and some staff and services. The
completed station would be operated by Ontario Hydro as a unit in its power
system at maximum practical capacity and Hydro would buy the power
produced (17).
The NPD reactor came into service in 1962 while construction of
Douglas Point was underway. The AECL design team then started work on a
yet larger nuclear power plant of 500 megawatts capacity, two of which
would comprise the initial stage of a projected four unit station to be
constructed by Ontario Hydro. The station was located at Pickering, Ontario
and when all four units were completed in the early 1970's it was the largest
nuclear power station operating anywhere in the world.
With the Pickering Station underway, a further station was designed
which would be located near the Douglas Point reactor. This facility, to be
known as 'he Bruce Generating Station, consisted of four units each of 750
megawatts capacity, a 50% increase in power over the Pickering unifs.
Subsequently other CANDU units were committed in Ontario, Quebec and
New Brunswick. The Ontario station at Darlington was designed for four
units of 850 megawatts each, while the Quebec and New Brunswick stations
were to contain 600 megawatt units. At present 25 nuclear power reactors
with a total capacity of over 15,000 megawatts are operating or under
construction in Canada. (See Table 1 below)
Although all these units have the same basic CANDU design concept
they have some significant design differences. This evolutionary process in
CANDU design has presented problems from the licensing point of view and
it will now be necessary to consider the Board's reactor licensing program,
and the reactor safety philosophy underlying it, to see how these processes
have changed in order to keep abreast of the rapid expansion in Canada's
nuclear power program and the technological changes which have accompanied it.

The AECB and the Power Reactor Industry
The first unit of Canada's nuclear power industry came into operation in
1962 when the NPD reactor at Rolphton, Ontario, went critical, but the Board
had become involved with reactor safety issues many years before that date.
In 1956, the Board received notification that McMaster University wished to
install a small 'swimming pool' research reactor at its campus in Hamilton,
Ontario. The Board was also aware that other universities would soon be
applying for reactor licences and that the NPD reactor which was under
construction at Rolphton, Ontario, would require similar attention. At that
time the Board had a scientific advisory staff of one person so it would clearly
not be possible to obtain safety evaluations and recommendations from its
in-house resources.
The Board's response was to create a Reactor Safety Advisory Committee (RSAC) in 1956 under the chairmanship of Dr. G.C. Laurence, Director
of the Reactor Research and Development Division of AECL. Committee
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TABLE I
STATUS OF POWER REACTOR FACILITY LICENSING AS OF APRIL 1980
FACILITY NAME
(OPERATOR)

TYPE AND
CAPACITY

NPD Generating Station
Rolphton (Ontario)
(Ontario Hydro & AECL)( 1)

CANDU-PHW(2) Started up 1962. Reactor
Operating Licence No. 1/78,
25MW(e)(3)
expires 20 June 1983

Douglas Point Generating
Station, Tiverton
(Ontario Hydro & AECL)

CANDU-PHW
200 MW(e)

Started up 1966. Reactor
Operating Licence No. 5/77
Amend. 1, expires 30 June,
1982 (Currently restricted
to 70% of design power.)

Pickering Generating
Station " A " , Pickering
(Ontario Hydro)

CANDU-PHW
4x500MW(e)

Started up 1971. Reactor
Operating Licence No. 3/77,
Amend. 2, expires 30 June 1982.

Bruce Generating
Station " A " , Tiverton
(Ontario Hydro)

CANDU-PHW
4 x 750 MW(e)

Started up in April/76.
Operating Licence No. 3/79.
Expires on 30 September 1980.

Pickering Generating
Station " B " , Pickering
(Ontario Hydro)

CANDU-PHW
4 x 500 MW(e)
(planned)

Reactor Construction Licence
No. 2/74 Amendment 1 in force.
Start-up expected 1982.
Boilers to be removed for
rework.

Bruce Generating
Station " B " , Tiverton
(Ontario Hydro)

CANDU-PHW
4 x 750 MW(e)
(planned)

Reactor Construction Licence
No. 2/75 Amendment 1 in force.
Start-up expected 1983.

Darlington Generating
Station " A "
(Ontario Hydro)

CANDU-PHW
4 x 850 MW(e)
(planned)

Site approval granted. Startup expected 1986.

(1) —
(2) —
(3) —
(4) —
(5) —
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STATUS/LICENSING
ACTION/REMARKS

AECL "Atomic Energy of Canada Limited''
PHW "Pressurized Heavy Water"
(e) " Nominal electrical power output''
BLW "Boiling Light Water"
NBEPC "New Brunswick Electric Power Commission"

TABLE I (cont'd)
STATUS OF POWER REACTOR FACILITY LICENSING AS OF APRIL 1980
FACILITY NAME
(OPERATOR)

TYPE AND
CAPACITY

Gentilly 1 Nuclear
Power Station (Quebec)
(Hydro Quebec & AECL)

CANDU-BLW(4) Started up 1971. Reactor
250 MW(e)
Operating Licence ROL 2/79
issued 25 July 1979; expiry
date 30 June 1981. Reactor
required to be in guaranteed
shutdown state.

Gentilly 2 Nuclear
Power Station
(Hydro Quebec)

CANDU-PHW
600 MW(e)
(planned)

Reactor Construction Licence
No. 1/74 in force. Start-up
expected 1981. Boilers to be
reworked at site.

Point Lepreau Generating
Station (New Brunswick)
(NBEPC)
(5)

CANDU-PHW
600 MW(e)
(planned)

Reactor Construction Licence
in force. Start-up expected
1981. Boilers to be reworked
at site.

STATUS/LICENSING
ACTION/REMARKS
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members were appointed from the Operational and Health and Safety
Divisions of AECL and from the federal Department of National Health and
Welfare, with one representative each from Ontario Hydro Nuclear Power
Division and a university. Arrangements were made for the Committee to be
joined by representatives of provincial and municipal authorities for discussions on projects of direct interest to them. Eventually, as the Canadian power
reactor program expanded, separate RSACs were set up for the three
provinces using nuclear power, Ontario, Quebec and New Brunswick. The
Committees included representatives from the federal and provincial governments and local health units as well as nuclear and other technical experts and
AECB representatives. Utility representatives were not included on these
Committees.
At the inaugural meeting of the RSAC on August 20, 1956, Dr. C.J.
Mackenzie, President of the AECB, stated that the duties of the Committee
were to consider the health and safety aspects of any reactor project and to
submit recommendations thereon to the Board regarding licensing the
construction and operation of such projects. The Committee in making
recommendations, and the Board in licensing any project, would not be
assuming any liability in the event of any reactor accident, but they would be
giving official assurance to the owner and operator that a proposed course of
action appeared reasonable and prudent in the light of existing conditions.
At the second meeting of the Committee on December 3, 1956, it was
pointed out by the Legal Adviser to the Board that under existing Regulations
nuclear reactors could be operated without the approval of the Board apart
from a permit to obtain and use the nuclear fuel that went into the reactor. The
Committee therefore recommended that the Board take steps to ensure that
Board approval should be obtained for the construction and operation c-f
nuclear reactors. As a result the Board issued a Nuclear Reactors Order early
in the following year (18). The instructions in the Order were quite short and
to the point. Clause 1 specified nuclear reactors as being "prescribed
equipment" for the purposes of Sections 201 and 206 of the Atomic Energy
Regulations, thus allowing them to be dealt with under the Regulations.
Clause 2 stated that "no person shall deal in any nuclear reactor except under
and in accordance with an order of the Board". The phrase "deal in" had
been defined in the Regulations to include "produce", "supply", "operate"
or "manufacture" among other things, so it had a sufficiently comprehensive
meaning to cover all aspects of reactor construction and operation. The third
and last clause of the Order specifically exempted "any reactor built wholly
by or for and operated wholly by or on behalf of a department or agency of the
Government of Canada''. This clause ensured that reactors built and operated
by AECL would not be subject to Board licensing. Shortly after the RSAC
had been formed AECL set up its own Review Committee of Reactor Safety
to evaluate and regulate the safety of the research reactors at its Chalk River
site. This was an internal AECL Committee but the Scientific Adviser to the
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Board was appointed as a member to ensure a consistency of approach to
safety issues between it and the RSAC. Since AECL's research reactors were
not at that time, or subsequently, directly subject to the AECB's regulatory
authority, this appointment was a courtesy rather than an obligation, but the
Board was satisfied that the AECL Committee could perform its duties
adequately.
Also at its second meeting the RSAC discussed how it would arrange for
the inspection of nuclear reactors to ensure that its health and safety decisions
were being complied with. In the absence of supporting staff from the AECB
it was agreed that the inspectors would have to come from the organizations
represented on the committee.
With consideration of the McMaster reactor under way, in June 1957 the
Committee began evaluation of a proposal from the University of Toronto to
install a sub-critical nuclear assembly and at the end of the same year began a
review of the first nuclear power reactor in Canada, the NPD. Mainly in
response to the increased workload presented by NPD, the Board now
appointed a reactor expert as an Assistant Scientific Adviser in November
1958, thus doubling its professional technical staff (19).
At an early stage in its deliberations it was necessary for the RSAC to
develop an underlying philosophy through which reactor safety could be
achieved. In this, the thinking of the Committee was greatly influenced by an
event which had occurred four years previously. In December 1952, the NRX
reactor suffered a serious accident which put it out of commission for a period
of fourteen months (20). The cause of the accident was complex. It started
with an operator error which was compounded by partial equipment failures
due to inadequate maintenance of the shut-off rods, and then the failure of
hoses carrying cooling water which were subjected to pressures for which
they had not been designed. The cost of returning NRX to an operating state
was considerable, but one result of the NRX accident was to provide practical
experience on how to prevent reactor accidents happening in the future.
Both the Board and AECL realized that another accident similar to NRX
could have calamitous consequences for the nuclear industry and as a result,
AECL recognized that the Board could provide it with a useful supporting role
by adopting an active function in regulating NPD and subsequent reactors.
The site selection process and the initial construction of NPD had been carried
out before the RSAC was formed but the Board became involved in the NPD
program towards the end of 1957, after AECL had changed the basic design
of NPD from a pressure vessel reactor to a pressure tube reactor.
One of the lessons learned from the NRX reactor accident was that the
number of safety devices present in a reactor system is not as important as the
quality of the systems. In fact in NRX there had been many safety features
and the sheer number could have given rise to unwarranted complacency. As
Dr. Laurence expressed it many years later;
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It was like piling every available object against a door to brace it against
some menace from outside, when a well designed lock or crossbar would
have served the purpose better. (21)

It was clear that a different safety philosophy was required and under the
guidance of Dr. Laurence a series of principles for reactor safety were
developed by the RSAC and adopted by the Board.
It was noted after the NRX accident that some of the safety devices had
failed because of the application of inadequate design principles. Often at that
time, in the interests of economy, parts of one safety system were common to
another so that when the common element failed, both safety systems failed.
As a result of this experience the Board recognized that all safety related
systems should be independent of each other so that this type of cross-linked
failure would be unlikely to occur.
No safety device can be considered 100% reliable or 100% independent
and as part of the design phase, designers had provided assessments of the
reliability and independence of their safety systems. During subsequent
operation of the reactor the Board insisted that these assessments be
frequently checked against actual operating performance so that the design
calculations would either be verified or, if design weaknesses became
apparent, they could be rectified. The Board emphasized the responsibility of
the operators as well as the designers to ensure that the actual performance of
the plant fulfilled the good intentions of the designers.
The principle of defence in-depth for reactor safety which was being
used in the reactor programs of all the nuclear countries was also adopted in
Canada. In the Canadian context this involved distinguishing three separate
sectors of the reactor plant; the process equipment which fulfilled the function
of producing nuclear energy and using it as required; the protective devices
which were designed to prevent a failure of the process equipment becoming
so serious that fission products could escape from the fuel; and the
containment system which would confine the fission products within the
reactor building if there were a simultaneous failure of the process equipment
and their protective devices. Each of these sectors was required to be
functionally independent of the other two as far as possible (22). Emphasis on
the importance of this independence is one of the distinguishing features of
Canadian safety requirements.
In the late 1950s the Board was approached informally by Ontario Hydro
for its views on establishing the proposed 200 megawatt nuclear plant near the
city of Toronto. Up to this point opinions in Canada (and in other countries)
had dictated that reactors should be sited in centres remote from concentrations of population and the Board indicated this to Ontario Hydro. As a result,
the proposed reactor was built in such an area — at Douglas Point, Ontario.
However, the request led the Board to consider the requirements for a large
reactor which could be sited near a large city and this produced a further stage
in the development of its licensing philosophy.
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In assessing the risks to a nearby population the Board first considered
the radiation exposure that might result from a malfunction of the process
equipment that was not accompanied by a failure of the protective equipment.
Such malfunctions are so frequent that they must be considered a part of
"normal" operations so the exposure limits prescribed must also be "normal" dose limits. Accordingly the Board set the limits of annual exposure
from normal operations and single process malfunctions at 500 millirem
(whole body) to any individual member of the public and at 104 man-rem to
the population at risk (23). For any malfunction of the process equipment that
was accompanied by a failure of the protective devices or by failure of the
containment, the exposure of an individual should be limited to 25 rem to the
whole body or 250 rem to the thyroid (24), with a total population exposure of
106 man-rem. This latter dose was estimated to cause fewer than 10 cases of
malignant disease in the general population. In computing the exposures in
both these cases conservative assumptions were to be made concerning
weather conditions (25).
It was necessary not only to specify the exposures resulting from these
two types of malfunction but also to specify how frequently they should be
allowed to occur. It was recognized that even with high quality design,
construction and operational targets for all process equipment systems, the
total of the individual frequencies of all serious process failures might be as
high as one per three years on average. It was therefore decided that protective
devices should be tested at a frequency which would demonstrate that the
unavailability of protection was less than one day per year on average (3 x
10~ 3 years/year). Thus the probability of having a serious process equipment
failure occurring coincidentally with the failure of a protective system should
be less than 10~ 3 per year. The third line of defence in the event of an accident
was the containment of a reactor and it was later decided that this too should
have as a design target a demonstrated unavailability of less than one day per
year (3 x 10~ 3 ).
In the design of a reactor the possibility of the failure of a process system
by itself or a failure of a process system coincident with a protective or
containment system failure were both considered as credible accidents
although the estimated frequency of the latter would be no more than once in
103 reactor years on average. The occurrence of a triple failure of process
system, protective system and containment all simultaneously was considered
to be so improbable that useful estimates of its frequency could not be derived
and hence, the consequences of a triple failure were not calculated in safety
analyses.
The design philosophy just described was first applied to the construction
of the Pickering Nuclear Station on the outskirts of Toronto. The problem of
containment effectiveness for the reactor system was a difficult one which
was eventually solved by the designers by the construction of an additional
large concrete building adjacent to, and connected with, the reactors. This
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building was to be maintained at low pressure so that, in the event of a release
of hot coolant from the reactor core, air, steam and fission products would be
sucked into the vacuum building without creating sustained pressures above
atmospheric throughout the containment system (26).
A further development occurred in the safety philosophy during the early
stages of the design of the Bruce reactor when it was pointed out by the
designers that a runaway accident which would result from the failure of both
a process system and the protective shut-down system would have such
unpredictable consequences that it was not reasonable at an early stage of
design to demonstrate by analysis a containment system which would cover
all eventualities. Instead the designers proposed the addition of a second
shutdown system in the reactor, diverse in design and completely independent
of the first, which would render a runaway accident so improbable that a
containment system capable of coping with a runaway accident would not be
necessary. This approach was accepted by the RSAC and the Board, and the
new criteria for reactor licensing were published in 1972 (27). In addition to
accepting and giving credit for a second shutdown safety system, the new
requirements tightened the unavailability criteria of both systems from one
day per year to one day per three years on average.
The evolution and application of the Board's licensing criteria were not
static functions. Particularly since about 1970, the pressures on the Board
staff and the RSAC have been such that a number of adjustments have been
made in the application of the criteria. Some of these will be described later
but first it is instructive to note that right from the early years a basic
difference was apparent between the USA and the Canadian approaches to
reactor safety. The Canadian approach started by specifying a maximum
exposure of the public at the reactor boundary and then worked back through
the containment and the protective devices to the fuel at the core of the
process system. In the USA, the principle of defence-in-depth was also
adopted, but the regulatory body set out to achieve it by means of elaborate
codes, procedures and regulations, which specified the operating components
in the reactor systems and then estimated what radiation limits would be
present at the boundary as the result of a malfunction (28). The Canadian
approach may be characterized as going from the outside-in and the American
approach from the inside-out.
There was, and still is, little enthusiasm in Canada for the American
approach because it was felt that by specifying in detail the design rules for
the reactor, the designer would have restricted latitude to apply his skills and
also that there would be limited incentive for those skills to be applied to
producing safe designs. In Canada, the designer was provided with a set of
boundary requirements and it was up to him to develop a design proposal
which would meet them to the Board's satisfaction. This proposal would be
presented to the RSAC and the Board staff who would then assess it, point out
deficiencies in it and discuss with the designer what modifications would be
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required. The whole process was a learning process both for the designers and
the regulators, and the close interaction which resulted yielded benefits for
both sides. The lead-time of design over construction was sometimes quite
short and, as a result, much of the detailed design was done while the plant
was under construction. This resulted in a number of difficulties and the
current trend is to require more design and safety analysis before construction
starts.
While the safety philosophy of the Board was evolving, so was the
procedural methodology by which a licence could be provided. The first
comprehensive account of the licensing procedure was published by Boyd in
1966 (29) in which a three stage procedure was described to ensure that all
safety factors would be examined before a reactor owner received an
operating licence (30).
The first licensing stage is a request by the applicant for approval of the
proposed site for the reactor. This request must be accompanied by a general
description of the proposed nuclear plant and specific information on the
proposed site. In the early years, if this information showed the site to be a
suitable one, a "site approval" was issued by the Board. Today, responding
to a different social and political climate, two important further steps must be
taken by the applicant before a final site approval is issued. He must satisfy
the federal and provincial environmental authorities that the anticipated
environmental impact of the proposed nuclear plant is acceptable, and he must
institute a public information program, including at least one public meeting,
to ensure that the expected environmental, social and economic impacts of the
new plant are adequately explained to the local population.
After site approval has been obtained the utility's next step is to submit
an application for construction approval. A major feature of this application is
a preliminary safety report which consists of an evaluation of the factors
involved in ensuring that the health and safety of the public and the operating
staff would be protected during normal operation, and in the event of certain
postulated accident conditions. The safety analysis and review of plant design
are key activities in the licensing process, and the applicant must show the
AECB that the failure of one or more systems in the operation of the plant will
not place the reactor operators or the general public at undue risk.
When the construction of the power station nears completion, the utility
applies for the issuance of an operating licence. At this time it submits a final
safety report to document the "as-built" design of the station and provides
update analyses of possible accidents and the capability of safety systems to
prevent or limit the consequences of such accidents. Prior to commissioning,
at least one staff member of the Board is located at the station to observe and
report on the commissioning and start-up processes. A provisional licence is
issued which allows the operator to start up the reactor for the first time, to
operate it at low power levels and then to increase power in stages to full
power. An operating licence is issued after the AECB is satisfied with the
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review of full-power operation. Licences are issued for a limited period of
time and before the end of the period the licensee must apply for renewal.
Current AECB practice is for two or more AECB project officers to be
stationed at each plant as full-time resident inspectors. All unusual occurrences in the operation must still be reported by the owner and other
information can be called for by the Board as and when required.
With its safety philosophy in place and with the procedure for issuing
licences established, it is now necessary to see how the Board related in
practical terms to the power reactor industry.
It should first be noted that for most of the period during which power
reactors have been built in Canada, the President of the AECB was also the
Chairman of the RSAC. The first RSAC was set up in 1956 under the
chairmanship of Dr. Laurence and when he was made President of the Board
(1961-70) he retained his Chairmanship of the RSAC. Dr. Laurence was
succeeded by Dr. Hurst who, like his predecessor, was a reactor expert from
AECL and Dr. Hurst also assumed the Chairmanship of the RSAC at the time
he became President of the Board (1970-74). When Dr. Hurst retired as
President of the Board in 1974, he continued as Chairman of the Ontario
RSAC until it was disbanded on April 1, 1979.
Other members of the Board, while knowledgeable on nuclear reactors,
would not have been as expert on the subject as either of these two Presidents,
so that what have been characterized as "Board" decisions on reactor
licensing during this period were usually decisions of the RSAC which were
passed on to the Board by the President. As the President decided, so did the
Board.
Both Board Presidents were influential committee men. They worked on
developing a consensus within the RSAC and this consensus would then be
the Committee's decision and hence the Board's decision also.
At a typical meeting of the Committee the representatives of the
owner/designer of the station (usually Ontario Hydro/AECL) would discuss
their written proposals which they usually presented to the Committee at the
meeting. They would be questioned on these proposals by the Committee
members and also by members of the Board staff. In the early days of the
RSAC the members of the Board staff who were engaged in reactor
assessment were in effect acting as staff members of the RSAC supplying
commentary, analysis and criticism of the proposals put forward by the
owner/designer representatives. As one staff member of that era put it, the
reactor staff in the early days were the "leg men" of the RSAC.
As the staff increased in size and expertise during the late 1960s and
early 1970s, they became increasingly critical of some of the proposals put
forward by the owner/designer representatives. This placed the RSAC in a
dilemma. It should be remembered that all Committee members (except the
President) were part-time appointees (or what one writer has more accurately
described as "overtime" appointees (31) ), so that the amount of time they
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could spend on understanding the increasingly sophisticated proposals presented by the applicants and the equally sophisticated objections to these
proposals presented by the staff, was limited. Also, many of the more crucial
aspects of a design proposal involved evaluations of esoteric subdisciplines of
engineering such as stress analysis, fluid flow and heat transfer calculations,
and these topics were outside the grasp of those appointees who were health
physicists and environmentalists. Finally, the infrequency with which the
Committee met to consider each reactor station ensured that an enormous
amount of groundwork would have to be covered during any one meeting, so
that time could not be spent on providing detailed explanations for Committee
members who felt themselves technically at sea.
The structure of the early Committee meetings gradually changed. As the
Board staff increased in size it increased its own expertise and grasp of the
problems. The tacit assumption made in earlier days that the applicant's
representatives could be relied upon "to get the arithmetic right" became less
readily accepted. The Board staff grew more critical of the proposals and
more assertive as to what should be the remedies. The Committee increasingly received opposing viewpoints, one from the applicants and one from the
staff. The staff, naturally, taking their cue from their position as advisers to
the Committee, expected the Committee to support them when irreconcilable
differences arose. The Co'nmittee, on the other hand, weighing factors other
than purely technical ones, factors which could be influenced by politics,
economics, prestige, etc., did not always seem to be wholeheartedly behind
the staff. A certain degree of tension began to develop between the staff and
the RSAC.
As already noted, part of the difficulty lay in the increasing volume of
work the Committee was being asked to undertake. By the early 1970s the
RSAC was undertaking the surveillance of the operations of NPD, Douglas
Point, Gentilly-1 and Pickering. In addition, reviews were required of the
Bruce, GentilIy-2 and Lepreau designs and construction as they proceeded. In
1971 the Board President, Dr. Hurst, proposed to Committee members a
series of measures to lighten their load. These measures would entail the
Board staff looking after the details of the applicant's proposals and the
Committee looking at more generic issues. These proposals were discussed at
the Committee meeting of June 3, 1971 and although they received general
approval no specific conclusions were reached. The Committee in general
agreed that they were being asked to consider too much detail outside of their
own competence, but the individual members of the Committee also wished
to reserve the right to go into detail wiii.in their own areas of competence and
not leave these questions entirely to the staff.
The operations of the Committee by this time were not only generating
difficulties for the staff, they were also becoming a source of exasperation to
the applicant's representatives. They sometimes felt that the questioning by
the Committee members was uninformed and naive and that much of the
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detail being questioned was nitpicking; as a result too much time was being
wasted by the Committee on details, and decisions were not being made in a
timely fashion. Moreover, in order to supply the increasing detail the
Committee and the Board staff appeared to require, the size of the applicant's
representation at the meetings increased and this too tended to raise the
frustration level at meetings.
From the point of view of the AECB the most worrying potential source
of frustration was not between the applicants and the Committee but between
the staff and the Committee. This had started with the operation of the
Douglas Point reactor in 1968. This reactor underwent considerable teething
problems after start-up, many of them having serious safety implications.
Board staff had strong views on what corrective action should be taken but
found that the Committee was not meeting often enough to provide current
and timely consideration of the problems of Douglas Point (with NPD,
Gentilly and Pickering occupying its attention, at one point there was a gap of
one year between Douglas Point meetings), and when they did meet the action
they would take was not considered forceful enough. This feeling grew
stronger in the early 1970s when the licensing of the Bruce reactor was under
discussion, since again the Board staff wished to take a 'harder' line with the
applicants than the Committee considered appropriate, particularly with
regard to the degree of safety analysis to be done prior to the start of
construction of the plant. The Committee chairmen had to pursue a course
which would not dampen the zeal of the staff nor discourage the part-time
Committee members, but which would at the same time produce a consensus
among the conflicting viewpoints.
A description of the differences arising between the staff and the RSAC
is complicated by the fact that there was not always complete unanimity
within either group when discussing some issues, and when there was
apparent unanimity it would be found that some members held their views
more strongly than others.
The stance taken by each group is interesting. Although the Committee
members were specialists in their individual fields, they were generalists
when it came to considering problems outside their specialty. As a result the
Committee as a whole can be considered to have had a considerable generalist
orientation. As such it might place some weight on factors that were
non-technica! when forming opinions (factors such as the economic, political
or even social consequences of the decisions) even if it had no intention of
contravening the basic safety requirements. The Board staff on the other hand
were all technical specialists and when exercising their technical specialty
they would be less inclined to accept a compromise solution. Also they were
"opposed" on the applicant's side by specialists as expert as themselves, so
that inevitably, a degree of rigidity, which can be exacerbated by personality
traits, would sometimes arise. The staff had usually gained their technical
experience either through previous employment in the applicants' organiza128

tions, or in organizations closely related to them, so that a 'poacher — turned
— gamekeeper' syndrome may have been operating to some extent. Certainly, there does not appear to have existed between the Board staff members and
their former colleagues in the industry much of the professional 'cosiness'
which has been suggested as characterizing the relationship between them
(32).
The number of instances in which a disagreement occurred should not be
exaggerated. It would appear that at most there were only about 15 to 20
issues which proved contentious and this number is small when it is
remembered that, at each meeting, the RSAC considered at least a dozen
agenda items. It should also be emphasized that the issues generating tension
between staff members and the RSAC were not simple in character. They
involved subtleties in risk assessment which called for judgement to be
exercised, albeit a high level of technical judgement. They involved interpretation of data for which there was no precedent in experience and for which
there could often be no final solution until operational insight had been
gained, and judgements on postulated severe accident situations which could
not be verified either by experience or experiment.
For example, should a risk parameter, which had been derived by
extrapolation from data that was only partly relevant, be rejected outright until
better evidence had been derived or should the reactor be allowed to operate at
low power for a period to determine whether the possible risk was real or not?
Should a risk assessment by Board staff, which showed a very small chance of
any hazard to the public, be allowed to halt a construction project regardless
of economic factors (Bruce A Generating Station cost about $2 billion) or
political factors (a successfully operating Canadian nuclear industry is
essential to a Canadian export program, and successful CANDU exports
create great international prestige for Canada)? Should factors other than
purely scientific derivations of risk be taken into account, and if so, what type
of weighting should be applied to them?
None of these questions is amenable to simple answers and none of the
participants would have accepted simplistic answers; but the exposure and
discussion of the questions now showed up the basic organizational flaw in the
AECB's method of reactor safety assessment. Can a committee of disparate
experts assessing problems on a part-time basis supply better guidance to the
Board than a group of full-time dedicated experts? Can a committee of
part-time members, meeting infrequently, make timely decisions relating to a
reactor in process of construction?
With the advent of Dr. Prince as President of the Board in 1975 the
situation changed somewhat since Dr. Prince was not a reactor expert and he
did not chose to become Chairman of any of the regional RSACs which by
then had been established. By this time the Board was sometimes in receipt of
two separate sets of advice, one from the RSAC and one from the Board staff.
Now that the Board President was no longer Chairman of the RSAC it was
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more open to the staff to persuade the Board President to their own point of
view outside the meetings. With the President and staff in daily contact on
Board business this was an entirely natural development.
A number of issues developed during the 1970s, many of them
connected with the Bruce Generating Station, and two of them will be
mentioned as illustrative of the growing rift between the staff and the RSAC.
One issue occurred early in the construction phase and continued for many
years. The second became apparent just before Bruce was ready to receive an
operating licence.
The first arose when, as a result of discussions between the designers and
Board staff, it was proposed to the Committee that a 'matrix approach' be
taken towards setting up the safety analysis for Bruc_. This approach
separated and defined the various process systems in the reactor and also the
various safety systems. The 'matrix' was a tabular presentation of the single
and dual failures to be analyzed, but implicit in the approach was a more
detailed assessment of the plant design, particularly with respect to showing
that ali phases of each postulated accident had been analyzed with satisfactory
results. The Committee adopted the proposal and its secretary wrote to
Ontario Hydro on May 22, 1970, outlining the approach and the information
required by the Committee to assess its adequacy in the design of the Bruce
Station. Although information relating to this request was received by the
Committee, it was not considered adequate by the Board staff, who kept
pushing the Committee to obtain more. For the staff, it began to appear that
Ontario Hydro were dragging their feet in making a proper response; but it
was also the case that the staff requests to the Committee and the Committee's
transmission of these requests to Ontario Hydro, contained s^me ambiguities.
These would allow Ontario Hydro to fumish replies to requests which would
deepen rather than clarify the obfuscation. This situation continued over a
number of years, and resulted in increasing doubts by the staff that the
Committee was pushing Hydro hard enough to get the matter cleared up.
The second issue arose in 1976, when construction of Bruce was nearing
completion and consideration was being given to the issuance of an operating
licence. The Board staff prepared a report to the RSAC and the Board
outlining a number of criticisms, perceived inadequacies and unresolved
safety issues. The designers submitted an equally detaiisd rebuttal to the staff
report. The two documents created an information overload for the RSAC,
and the chairman of the Committee asked the Board President to indicate
which of the issues he wanted the RSAC to address. One of the most
important was the question of the effectiveness of the emergency core cooling
system (ECCS). If a reactor core loses its supply of coolant due to an
accident, the fuel in the core can become heated to a temperature at which the
fuel cladding will fail and the fuel will release large quantities of fission
products. To prevent this, an emergency core cooimg system is installed in all
power reactors to keep the fuel cool in the event of a loss of a coolant accident
130

(LOCA). A LOCA is regarded as one of the most severe accidents that can
happen to a power reactor, so it is important that the ECCS is effective in
supplying coolant should a LOCA occur.
During the construction approval phase of the Bruce reactors, the
designers had established a design requirement that in the event of a LOCA,
the operation of the ECCS would result in no significant fuel failures (NSFF).
This was a more stringent design specification than the Board might have
accepted at that time, and it was accepted by the RSAC and the staff. By
1976, it had become apparent to the staff that, based on information from the
designers' safety analysis, the ECCS at Bruce would not be completely
•Tective in ensuring NSFF. The applicants now wished to revert to the more
busic design specification but the staff insisted that the previously agreed
criterion of NSFF should be adhered to. The applicants protested this attitude
and presented results of calculations showing that even with considerable fuel
failures the design met the Board's requirements for release of fission
products. The assumptions on which the calculations were based, however,
were disputed by the Board staff. Unfortunately the first Bruce reactor was
now ready to go into service, and Ontario Hydro made it clear to the Board
that it would pay a heavy economic penalty if start-up were delayed, or if the
plant were not permitted to operate at the electrical design power level (33). It
should be noted that the electrical design power of the generator is 88% of the
projected design power of the reactor, since 12% of the capacity of Bruce is
intended to supply steam for the operation of the Bruce heavy water plants.
Since the extent of the possible fuel failure arising from such a postulated
accident is dependent on the power at which the reactor is operating, a
majority of the staff recommended that, in view of the limited effectiveness of
the ECCS, the reactor be restricted after start up to 63% of full design power.
The RSAC, on the other hand, recognized that although there coi'ld be some
fuel failures as a result of the partial effectiveness of the ECCS, an intact
containment would still prevent a serious release of fission products to the
environment. As a result, the Committee, by majority vote, decided that the
NSFF criteria was not a mandatory design requirement. However, the
Committee urged that experiments and analytical developments on the ECCS
should continue, and that consideration should be given to alternative ECCS
designs with the expectation that a change in the installed system would be
made if a major improvement would result. The Committee's view was
accepted by the Board, and a licence for the operation of Bruce at 88% of full
power was issued, while at the same time the Board demanded that Ontario
Hydro increase its research and development to improve the ECCS. W ih
these developments, the differences between the staff members and the RSAC
came to a head and the fission between the two was now almost complete.
The Committee held few meetings after 1976. Only two were recorded
as minutes, but by this time even minutes were not being printed and
distributed properly and there were a few meetings treated in this manner. In
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July 1978, the staff of the AECB recommended to the Board that the
Committee system, which had served the Board well in so many different
areas for so many years, and which by then had grown to 13 Committees
including three Reactor Safety Advisory Committees, had outlived its
usefulness and should be dismantled. The Board agreed and decided it should
be replaced by four new advisory groups covering the areas of radiological
protection, security, environmental protection and nuclear facility safety. To
these, the President added a fifth, intergovernmental relations, and the Board
concurred. On April 1, 1979, the committee system as it then existed was
disbanded, and the groundwork necessary to establish the new Committees
commenced. The Board staff during the 1970s had expanded to the point
where it was more competent than a panel of outside part-time experts to
advise the Board on technical issues of health and safety for licensing nuclear
facilities, and as a result, such work will now be done internally by staff
members (34). The new advisory groups will maintain a balance by providing
independent advice on broad topical areas but their role will be primarily in
technical policy rather than in the operational arena (35).
THE HEAVY WATER INDUSTRY
Introduction
If one material can be considered as providing direction to Canada's
nuclear program, that material would be the clear, colourless, odorless liquid
known as heavy water. It was seen earlier that during the Second World War
the entire world supply of this material was brought to Canada and that the
development of the unique character of the CANDU reactor system was based
on the nuclear properties of heavy water — its very good ability to slow down
neutrons without absorbing them.
Ordinary water has a molecular form consisting of two atoms of
hydrogen (H) joined to one atom of oxygen (O) to give (H-O-H). In heavy
water the hydrogen is replaced by deuterium (D) to give (D-O-D). Deuterium
is an isotope of hydrogen which means that the two substances are chemically
identical and thus cannot be separated by any chemical techniques. However,
the two isotopes possess slightly different physical properties due to the
differences in their nuclear structures. These allow physical methods to be
used in their separation, although even physical separation techniques pose
considerable difficulties. Related compounds of deuterium and hydrogen,
such as heavy water and ordinary water, have the same chemically identical
nature and slightly different physical properties as the isotopes.
All naturally occurring hydrogen compounds (e.g., water, oil and natural
gas) contain deuterium in very low concentrations. In ordinary water the
deuterium content results in a heavy water concentration which varies from
about 130 to 160 parts per million depending on the location of the water (36).
Assuming that all heavy water can be separated it will be necessary to process
about 700 tons of ordinary water to get one ton of heavy water. In practise
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only about 20% of the deuterium is extracted. In the CANDU reactor about
0.8 tons of heavy water are required for each megawatt of power so that a 750
megawatt reactor such as those installed at the Bruce Generating Station will
require about 600 tons of heavy water. Combining the difficulty of the
separation techniques with the low concentrations of deuterium in nature and
the large quantities of heavy water required in the CANDU program, it is not
surprising that the heavy water production industry in Canada has faced some
formidable problems.
The major process used to separate deuterium from hydrogen on a large
scale is the sulphide exchange process. In this process water is brought into
contact with hydrogen sulphide gas and it is found that the deuterium in the
water will exchange with the hydrogen in the hydrogen sulphide. This process
is reversible and at a low temperature the deuterium will tend to concentrate in
the water phase and at high temperatures the deuterium will concentrate in the
hydrogen sulphide. Advantage is taken of this fact by building large towers in
which feed water is contacted with a recirculating stream of hydrogen
sulphide gas. The top half of the tower is held at a low temperature (32°C) and
the bottom half at a high temperature (about 130°C). As a result, deuterium
concentrates at the mid-point of the tower and a deuterium enriched stream
goes on to the next tower where the whole process is repeated but with the
deuterium concentration increased. Several towers are needed to obtain
enrichments of about 20% deuterium. To obtain enrichment higher than 20%
a distillation process is usually employed because it is more efficient than the
sulphide process when the initial concentration is already fairly high. It can be
used at this stage because of the much smaller volumes of enriched water it
has to deal with. It would be prohibitively expensive to run the whole process
by distillation from start to finish.
To get some idea of the physical size of the plant, the main towers at the
Laprade plant are 325 feet high and 28 feet is diameter. There are six of these
large towers plus four smaller ones in the plant complex (37).
Apart from the size of the plants and the complications of the equipment
to run them, a major feature in their construction must be safety. Hydrogen
sulphide is lethal if inhaled in even small quantities and a plant producing 400
tons of heavy water per year will have an inventory of 600 tons of hydrogen
sulphide. The certainty of containment of hydrogen sulphide in a heavy water
plant poses problems which in some ways are more difficult than the certainty
of containment of radioactive material in a nuclear reactor (38).
It is against this background of technical difficulty, and the resulting high
cost of plants, that the AECB's involvement in heavy water programs must be
considered. No other country in the world has produced heavy water on the
scale that Canada is attempting. The USA program was fairly large in the
1950s and 1960s (39) but due to a lack of domestic demand the output has
now diminished to a comparative trickle.
This section will present first a brief history of Canada's involvement in
heavy water production which will be followed by discussion of the AECB's
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role in regulating and controlling the operation of Canada's heavy water
plants.
A History of Heavy Water Production in Canada
At the time of the Second World War, Norway had produced the only
significant quantity of heavy water in the world as the by-product from an
ammonia fertilizer plant. The Norwegians entire stock of heavy water, 180
kgs, was bought by the French government in early 1940 and when the Nazis
invaded France, the water was smuggled to safety and arrived at the
Cavendish Laboratory at Cambridge University in England.
As noted in Chapter 2 a joint collaborative agreement between Canada,
the USA and the UK in 1942 resulted in the heavy water being moved to a
laboratory in Montreal operating under the direction of the NRC. There the
water was used for extensive experiments into its chemical, physical and
nuclear properties, as part of the war-time effort to produce nuclear weapons.
The valuable properties of heavy water as a neutron moderator were
already known and the USA wished to obtain larger quantities of the material
for its own experimental purposes. In the summer of 1942 the US government
entered into a contract with Consolidated Mining and Smelting Corporation
(Cominco), a private Canadian company, to produce heavy water as a
by-product from its ammonia plant at Trail, B.C. The facility was added on to
an existing plant to take advantage of the electrolysis process used for
producing hydrogen for the ammonia used in the production of fertilizer (40).
Construction of the $2.5 million dollar plant began in September 1942 with
the expectation that production would begin in 1943. However, only small
quantities were available in 1943 and scheduled production of half a ton per
month was not realized until 1944.
The production at Trail was small and was soon eclipsed by two plants
built in the USA by the USAEC, one at Dana, Indiana, and the other at
Savannah River, South Carolina. Both plants were built jointly by the Dupont
Company and the Girdler Corporation, and were based on wartime patents on
a hydrogen sulphide-water dual temperature process developed in part by
Jerome S. Spevack (41). These two plants, which were in production by
1952, had production capacities of 200 tons/year. They supplied Canada's
requirements in the 1950s and 1960s. The Dana plant was closed in 1959. The
Savannah River plant is still in production, but much below the level of 200
tons/year (42).
Production at Trail continued but the price was high. In 1955 when the
USAEC contract expired and was not renewed, Cominco offered to sell its
heavy water to the Canadian Government for $34.50 per Ib. (43). The offer
was rejected because the price of heavy water from the USA was only $28.00
per lb. and the Government policy was that the purchase of heavy water
should be governed by the most favourable economic terms. Cominco closed
its plant at Trail in 1955.
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By the early 1960s AECL began to suspect that heavy water could be
produced in Canada for less than the $28.00 per lb. being charged by the
USAEC (44). When a request for proposals from Canadian companies
showed a price of about $20.00 per lb., the Government approved a call for
tenders for the purchase of the output from a plant producing 200 tons of
heavy water per year. A contract was awarded in December 1963 to
Deuterium of Canada Limited (DCL) which had submitted a proposal with the
lowest unit price (45). The Government guaranteed the purchase of 1000 tons
of heavy water over a five year period at a price of $20.50 per 1b. The plant
was to be built at Glace Bay, Nova Scotia.
Following the announcement by Ontario Hydro in 1964 of its decision to
construct the 1000 megawatt Pickering Nuclear Power Station, AECL
recommended to the Government that a second plant of 400 tons per year
capacity should be built (46). This recommendation was accepted, further
tenders were called for, and a contract was awarded to Canadian General
Electric Company (CGE) in December 1965 for a plant to be built at Port
Tupper, Nova Scotia (47).
In September 1966 the contract with DCL was amended to allow
production at Glace Bay to be doubled to 400 tons per year (48). The original
verision of this plant should have been in production by mid-1966. The
expanded version was officially opened in May 1967 but it was not operating
(49).
When Ontario Hydro announced its decision in 1968 to build a further
3000 megawatt nuclear power station at Bruce, another heavy water plant was
required. This time a private company could not be found to construct the
plant, so the Government provided $65 million in funds for AECL to
undertake its construction (50). This plant would produce 400 tons per year of
heavy water and it would be built adjacent to the proposed Bruce Generating
Station. In 1969, when it became apparent that Glace Bay would still not be
operational for some time, the proposed capacity of Bruce was doubled to 800
tons per year and the cost increased to $115 million. The first reactor grade
water was produced from this plant in April 1973 and later the same year
Ontario Hydro bought the plant from AECL (51).
In the early 1970s Ontario Hydro's demand for nuclear power increased
considerably. It was decided to double the size of the Pickering and Bruce
nuclear stations and to build a new 3400 megawatt station at Darlington. As a
result, Ontario Hydro planned construction of three more heavy water plants
at the Bruce site. One of these plants, (Bruce C), was subsequently cancelled,
but Bruce B has been completed and Bruce D, while under construction, has
recently been mothballed (52). These plants are being built by Ontario Hydro
without any federal Government financial involvement.
Meanwhile, the first heavy water plant at Glace Bay had still not
produced heavy water and in 1971 the federal Government stepped in and
provided funds to AECL to rehabilitate the plant (53). Although this work has
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taken considerably longer than planned, increasing quantities of heavy water
have been obtained from Glace Bay, and full production was achieved in
1979.
With the oil crisis of 1973, the price of energy increased rapidly and
since 60% of the cost of producing heavy water goes to providing heat for the
separation process the contract that CGE had negotiated with the Government
to produce heavy water at $18.00 per lb. became unrealistic. In 1975, the
federal Government bought the Port Tupper plant from CGE for $93 million
and it is now owned and operated by AECL (54).
Prior to this, in 1974, AECL had been given approval by the federal
Government to construct the 800 tons per year La Prade plant at Gentilly,
Quebec. The construction of this plant has been delayed due to lack of reactor
orders and a decision to mothball the plant was made in 1978.
Table 2 below outlines the chronology of Canadian heavy water plants.

TABLE 2
CANADIAN HEAVY WATER PLANTS

Construction
Started

In
Production

Annual
1Production
(tons/yr)

Trail B.C.
DCL

1942
1964

1944
1976

6
400

CGE

1966

1971

400

Bruce A
Bruce B
Bruce D
La Prade

1968
1974
1975
1974

1973
1979

800
800
800
800

Plant

?
?

Remarks
closed down in 1955
full production
in 1979
for some years at 60%
of design capacity.
Now working well.
working well
in production
Mothballed
Mothballed

The Role of the AECB
With the passage of the Atomic Energy Control Act in 1946, the AECB
became responsible for regulating the production and security of heavy water.
There appeared to be little doubt at the time that this was a proper function for
the Board. Although deuterium is not a radioactive material, it was an
essential ingredient in the operation of Canada's first experimental reactors so
that its inclusion as a 'prescribed substance' under the Act appeared
appropriate. Under Section 9(a) of the Act the Board had powers to make
Regulations (with the approval of the Governor-in-Council) " . . . .regulating
the production, import, export, transportation, refining, possession, owner136

ship, use or sale of prescribed substances." (55) The 1947 Regulations (as
amended in 1949) stated that " . . . .no person shall deal in any prescribed
substance or prescribed equipment except under and in accordance with the
provisions of these regualtions or of an order". (56) Since the definitiion of
"deal in" appearing in the Regulations included "produce" and "manufacture", the Board clearly established its jurisdiction over the production of
heavy water. Also "prescribed equipment" was defined as meaning
" . . . .any property, real or personal, . . . .that in the opinion of the Board
may be used for the production, use or application of atomic energy". Thus
the production of heavy water was additionally established as an activity
subject to Board Regulations and Orders.
Despite the clarity of the Act and the Regulations issued under it, some
members of the Board in later years felt uneasy concerning the regulation of
heavy water production mainly because the process could be viewed as just
another chemical plant operation with no 'atomic energy' significance until
after the heavy water had been produced. After Canada started its own heavy
water production program in the late 1960s, the Board had periodic discussions on whether it should regulate heavy water production plants or not (the
control of heavy water after it had been produced was never in dispute),
without any decision b«;ing made to alter its powers. The issue was finally
settled in the 1974 amendment to the Atomic Energy Control Regulations (57)
which for the first time defined a plant for the production of deuterium or
deuterium compounds as a "nuclear facility" and thus squarely placed it on
the same footing as nuclear reactors under the purview of the Board.
During the early years of the operation of the Board these doubt were not
evident. When the operator of the Trail B.C. plant, Cominco, applied to the
Board on June 6, 1947 for an export permit to ship some of its product to the
USA, the main concern of the Board was to maintain security concerning the
production of heavy water. The export order, when issued, referred only to
"chemical-NOIBIN-non-alcoholic" (58). The plant at Trail was referred to
cryptically as P-9 and, in correspondence, heavy water was sometimes
referred to as product P-9. The price of this 1947 shipment of heavy water was
$53.44 per lb. and later records show that by January 1955 the price had fallen
to $31.25 (59). The Board did not get around to licensing the Trail facility
until 1948, when Board Order H.2-48 dated July 8, 1948 authorized Cominco
to produce deuterium or heavy water and supply it to government departments
in Canada or the USA as designated by the NRC or the USAEC respectively.
The Board does not at any time appear to have been concerned with the
health and safety aspects of the Trail operation, and this is not surprising since
the plant was simply an add-on feature to an existing industrial plant, and the
electrolysis process which was used posed no unusual industrial hazard.
When Cominco closed its plant at TraiJ in 1955, Canada and the Board
were not involved in heavy water production for nearly another 10 years.
Then Deuterium of Canada Limited was awarded a contract by the Govern137

ment and early in 1964 the President of DCL, Jerome Spevack, contacted the
Board on its regulatory requirements for the plant. The Scientific Adviser to
the Board replied on February 27, 1964 that formal site approval was not
required for the Glace Bay facility but there would be requirements for Board
authorization, for operation of the plant. These would be conditional on DCL
satisfying the federal and provincial health authorities that the risks to
neighbouring populations from normal or accidental releases of H 2 S to the
atmoshpere, or from possible contamination of water supplies, were acceptable. The Board then proceeded to ask the federal Department of National
Health and Welfare (NH&W) and the Nova Scotia Department of Public
Health (NSDPH) for advice on the health and safety aspects of the proposed
plant. The departments provided assurances on these aspects and when DCL
applied for a construction permit a letter of approval was sent to the company
on August 20, 1964. The letter contained eight stipulations concerning
various items of health and safety and one stipulation concerning security
control of the product.
Construction problems delayed completion of the plant but on April 5,
1967 the Board issued Order No. 1-15-67 authorizing the start-up and
operation of the Glace Bay plant, again conditional on the federal and
provincial health departments requirements for safety being met. There were
still construction problems and plant start-up was not attempted until the
following year (60) but in November 1968 the process system was charged
with H 2 S and immediately problems began to appear. Emissions of H2S could
not be controlled below the level stated in the safety report and on December
29, 1968 a major H 2 S leak occurred. About 10,000 lbs of H 2 S was lost from
the plant and a serious incident was only averted because the wind direction
carried the gas cloud out to sea. The plant was shut down, and on February
12, 1969 the Scientific Adviser to the Board (Dr. Dewar) visited the plant and
noted problems with, (a) leaking connections, (b) sea water corrosion of heat
exchangers, (c) non-functioning of isolating valves, and (d) formation of
hydrogen sulphide hydrate in the process lines. It was evident that a major
rehabilitation of the plant would be required before it could operate again and
on March 7,1969 the Board revoked the plant's operating licence.
Meanwhile, a second heavy water plant of 400 tons per year capacity
was being built in Nova Scotia at Point Tupper by CGE. The plant had been
approved by the Government in December 1965 and was scheduled to go into
production in 1969 (61). Construction started in mid-1967 and by the end of
the year CGE had submitted a preliminary safety report to the AECB and the
federal Department of National Health and Welfare. In 1968 the Board
learned that it was proposed to build an oil refinery adjacent to the heavy
water plant and, in the middle of that year, a standing committee was
established with representation from the AECB, NH&W, and the Nova Scotia
Department of Public Health to coordinate working groups for assessing
safety problems in the whole Point Tupper industrial complex. As construc138

tion neared completion CGE applied for an operating licence and on the
recommendation of an ad hoc safety committee composed of representatives
of the AECB, NH&W and NSDPH an operating licence No. 1-69 was issued
on December 15,1969.
Various equipment and process failures occurred during start-up but the
first heavy water was finally produced from the Point Tupper plant in
September 1970, about one year behind schedule. Nonetheless operational
difficulties at the plant persisted, many of them having safety or pollution
implications. A Point Tupper Heavy Water Plant Safety Advisory Committee
was formed and met for the first time on March 29, 1972. It contained
representatives from the federal and provincial departments of health and
environment as well as a representative from the Board staff. As noted earlier
AECL bought the plant from CGE in 1975 and in September 1976 the plant
name was changed from Point Tupper to Port Hawkesbury. As operating
experience increased, problems diminished and for the last several years
production has approached design levels.
The third heavy water plant to be built in Canada was approved by the
Government in October 1968. It was an 800 ton per year plant built by AECL
adjacent to the Douglas Point nuclear reactor and the Bruce nuclear power
station, and it was by far the most successful plant to be built in Canada. A
major reason for this was that the same contractor was used in both plants. As
a result, some of the mistakes which had been made at Point Tupper were
avoided in the Bruce plant. Apart from some delays caused by labour
disputes, Bruce was built and run up to full capacity with not more than a
normal share of equipment and process problems.
It is also noteworthy that the health and safety requirements for Bruce
received attention from the outset of the project. The first meeting of the
Bruce Heavy Water Plant Safety Advisory Committee (BHWPSAC) was held
in March 1969 five months after the project had been approved and before
comparable safety committees for the two plants already being built by the
private sector had convened their first meeting. The Glace Bay plant had been
approved in December 1963 and its first Safety Advisory Committee meeting
was in March 1971 after the decision had been made to rehabilitate the plant.
Point Tupper had been approved in December 1965 and its Safety Advisory
Committee first met in March 1972, although as noted above an ad-hoc
committee had been formed earlier.
The advantages of an early involvement of the Safety Advisory Committee were soon apparent. After reviewing the preliminary safety report,
concern was expressed by the BHWPSAC over the safety of workers at the
Bruce Generating Station and of visitors to the nearby Inverhuron Provincial
Park. As a result, the proposed site of the generating station was moved about
1 mile to the north.
This did nothing to allay fears concerning visitors to Inverhuron Park
and, as a result of representations made by local citizens and the Ontario
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Ministry of Natural Resources (OMNR), land for a new park was purchased
by Ontario Hydro at a site about 15 miles north of Inverhuron Park. This land
has been made available to OMNR at a nominal rent and the new park
(McGregor Park), which is considerably larger than Inverhuron Park, is now
operated by the Ministry. Meanwhile Inverhuron Park was closed to visitors
following the start-up operations of the Bruce Heavy Water Plant, but shortly
afterwards emergency gas shelters were installed and the park was again
opened to the public, although no overnight camping was allowed.
The fourth and last heavy water facility constructed in Canada, the
Laprade plant at the Gentilly site in Quebec, was approved in late 1973 (62)
and, as with Bruce A, a safety advisory committee was rapidly assembled to
consider a preliminary safety report. The first meeting of the committee took
place in April 1974. This plant suffered a construction stretch-out at the end of
1975 due to a combination of government expenditure cut-backs and a lack of
immediate demand for the heavy water, and then in mid-1978 it was decided
to mothball the plant. There is unlikely to be any need for further major
involvement by the AECB in this facility until construction activity resumes,
possibly in the mid-1980s.
During the construction, start-up and early operation of heavy water
plants, the safety advisory committees played a valuable role in expressing
and ensuring the fulfillment of the federal and provincial interests of the
committee members. The committees advised the Board dh licensing decisions and the Board was also advised by the Board staff, but the conflict in
advice which appeared in the evaluation of reactor problems has not been
apparent when considering heavy water plants. Now that the industry has
matured and all three plants have many years of operational experience, the
need for the committees has declined considerably. It was probably a happy
coincidence in the case of the HWSACs that the committee system was
abolished in early 1979 since their role at that time was a rapidly diminishing
one.
The current allocation of Board staff to heavy water plants of two manyears is sufficient to cope with the regulatory needs for inspection, compliance and re-licensing. Assistance is obtained from provincial authorities in
this connection and licences issued by the Board routinely state that provincial
codes and regulations must be observed unless they conflict with AECB
directives. The requirements for regulatory supervision in a mature industry
are less than in an expanding or changing industry and this is reflected in the
current level of effort devoted by the Board to the heavy water industry.
THE RADIOACTIVE WASTE INDUSTRY
Introduction
Prior to the 1970s the major generation of radioactive wastes in the world
had occurred as a by-product of the production of nuclear weapons in those
countries having nuclear weapons programs. Since the management of these
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wastes was governed by national security considerations there was little
public concern with, or discussion of, the health and safety issues involved.
As the nuclear power programs of industrialized countries got under way
during the late 1960s and early 1970s, the problem of waste management
from non-military sources became a more visible public issue and increasing
attention was devoted to this phase of the nuclear fuel cycle. Today, the safe
management of radioactive wastes is one of the points of focus for anti-nuclear interest groups and it has become a major funded project in most countries
with substantial nuclear power development programs, including Canada.
Since wastes derived from military programs are almost unknown in
Canada, the radioactive wastes which will be considered in this section are
those arising from the peaceful uses of atomic energy. Most of these wastes
are generated by the operation of nuclear power reactors or research reactors
and result from the reaction of uranium with neutrons or from the reactions of
other materials with neutrons. A minor class of wastes which is generated by
the action of other atomic particles on materials (e.g., from the operation of
accelerators) will also be mentioned but these wastes do not pose any unusual
management problems. Wastes which arise from naturally occurring radioactive ores will not be considered. Although these wastes have a very low
concentration of radioactivity (typically in Canada they contain about 300 pCi
of radium-226 per gram) they can present management problems because of
the vast quantities being produced. For example, in the next 30-40 years it has
been estimated that in the Elliot Lake area alone, about one billion tons of
tailings will be generated (63), and as noted in Chapter 7 the management of
the large amount of radium present in these wastes will continue to present
problems.
Although the origins of the wastes which we are considering are limited,
the nature of the wastes is diverse. The level of radioactivity can range from
millions of curies in reactor fuel bundles to microcurie quantities used in some
biological experiments. The mixture of radioisotopes can vary from the small
quantity of a single isotope used in smoke detectors to the hundreds of
radioactive fission product isotopes which are found in spent fuel. The nature
of the radioactivity can be alpha, beta or gamma emissions or various
combinations of these three. The radiobiological toxicity of the waste can
vary from almost harmless to highly toxic (64).
To bring some order into the diversity of types of wastes, various
classification systems were proposed in the 1970s (65), some depending on
the origins of the waste such as the type of nuclear facility or process
generating it, some on the physical and chemical forms particularly the
subdivision into gases, liquids and solids which require very different
management techniques, and some which detailed the radionuclide composition and concentration levels in which the terms " l o w " , "intermediate" or
"high" level wastes were frequently used as operating terms but without any
generally agreed definitions. No formal classification system has been
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adopted in Canada, and so for descriptive purposes, in this chapter, the terms
" l o w " , "intermediate" and "high" will be used with appropriate definitions
for each category.
It should be noted further that waste management techniques can be
classified as methods either for the storage or for the disposal of radioactive
wastes. A storage facility is considered to provide an interim method of
managemep'. and permits retrieval of the waste for subsequent processing or
disposal. The concept of storage also entails continual monitoring and
surveillance of the management site. Disposal, on the other hand, refers to a
technique that will provide for permanent emplacement of the wastes without
continual surveillance being necessary to ensure its integrity. A disposal
method may or may not allow for subsequent retrieval depending on the
design of the facility.
The first category of wastes, low level wastes, arises from the use of
radioisotopes in industry, medicine and education, from the operation of
research reactor facilities and particle accelerators, from uranium refinery and
fuel fabrication operations and from some of the operations of power reactors.
The quantities of radioisotopes from these sources are usually small although
the physical bulk of the wastes can be large since they can arise from
contaminated equipment, from rags and paper used in decontamination
procedures and from volumes of dilute radioactive solutions. These wastes
may be chemically hazardous, but generally they require little shielding and
their heat generation properties are not significant (66).
In Table 3, which shows the July 1980 status of radioactive waste
management facility licensing in Canada, the first six sites fall within the
definition of low level waste management sites. Two low level waste
management sites not shown in Table 3 are those at the Whiteshell and Chalk
River establishments of AECL. These sites have not been licensed by the
AECB, although since June 1980, they have been included in the facility
licences issued by the Board to these two establishments (67). The older site
at Chalk River has been in use since 1947. In addition to receiving wastes
from the research activities at Chalk River, it is also the repository for wastes
originating from the commercial sales activities of Commercial Products of
AECL. After selling radioisotopes to a customer, Commercial Products
charges a fee for the disposal of waste material returned after use. The Chalk
River site is a well maintained and monitored facility which can handle a
variety of wastes, liquid or solids, in a combination of tile holes or concrete
trenches depending on the nature of the material. Measurements of radioactivity from the soil adjacent to the facility have provided a body of practical
information on the movement of radioisotopes through land pathways, and
regular sampling is carried out of a nearby lake and stream which collect the
surface waters from the site to monitor the small amounts radioactivity
escaping to the biosphere (68).
Medium level wastes in the Canadian context can be characterized as
reactor wastes not directly originating from the fuel. These wastes are
142

TABLE 3
RADIOACTIVE WASTE MANAGEMENT FACILITIES LICENSED IN
CANADA (JULY 1980)
LOCATION
(LICENSEE)

PURPOSE

Residue Area
PortGranby.Ont.
(Eldorado Nuclear Ltd.)

Wastes from Eldorado Refinery at
Port Hope, Ont.

Eldorado Nuclear Ltd.
Welcome Waste Management Facility

Inactive facility (not receiving new
waste) storage of wastes from previous
Port Hope operations and chemical
treatment for removal of contaminants
from run-off from the site.

Suffield.Alta.
(Dept. of National Defence)

Solid waste storage.

Edmonton, Alta.
(University of
Alberta)

Incinerator for low level liquid
wastes from University of Alberta.

Toronto, Ontario
(University of Toronto)

Temporary storage of recoverable
contaminated equipment from the decommissioning of the Linac Accelerator.

Port Hope, Ontario
(James F. MacLaren)

Storage of contaminated material from
the town of Port Hope.

Bruce Nuclear Power
Development, Tiverton
Ontario, Site 1
(Ontario Hydro)

Wastes from Bruce, Douglas Point and
other Ontario Hydro nuclear generating
stations.

Bruce Nuclear Power
Development, Tiverton
Ontario, Site 2
(Ontario Hydro)

Waste volume reduction facility with
waste compactor, radioactive and clean
waste incinerators. Waste storage
facilities such as concrete trenches,
tile holes and quadricells.

Gentilly 1 Nuclear
Power Station
Gentilly, Quebec
(Quebec Hydro)

Wastes from the reactor.

Point Lepreau
(N.B. Electric
Power Commission)

Waste from Point Lepreau reactor.
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generated from parts of the process equipment in power reactors such as
filters, ion exchange resins and sludges from water treatment systems. They
can be highly radioactive and therefore require shielding, but heat generation
is not normally a problem. Current practice is to store these wastes at the
reactor sites, and the last four entries in Table 3 show the status of this type of
facility in Canada in April 1980.
High level wastes will be considered as those arising directly from the
discharge of spent fuel elements from Canadian power reactors, and these
pose the most serious waste management issues in Canada, as they do in other
countries with power reactor programs.
When a spent fuel bundle is first discharged from a reactor it is intensely
radioactive, containing about 2 million curies of radioactivity. Much of this
activity is short lived; after a year about 16,000 curies are left and after 10
years only about 1,600 curies (69). The radioactive decay of the discharged
fuel also produces considerable quantities of heat and this too decreases with
time. A typical fuel bundle produces about 2,000 watts after it has been
removed from the reactor for a day, and this reduces to about 60 watts after a
year and 6 watts after 10 years.
In Canada, as in most other countries, the standard method of storing
spent fuel after it has been discharged from the reactor is in water bays
constructed adjacent to the reactor. The water provides both a cooling
medium for the fuel and an inexpensive method of shielding the radiation
emitted from the bundles.
The CANDU plants being built in Canada have water storage bays large
enough to accommodate the spent fuel generated for up to 10 years of normal
operation, and additional bays can be added to extend this period. After 10
years much of the radioactivity in the bundles will have decayed and the most
hazardous radioisotopes still remaining are those of cesium, strontium and the
transuranium elements (70). Cesium and strontium radioisotopes have half
lives of about 30 years, and neither is considered to provide a long term
hazard comparable to the transuranic radioisotope plutonium-239 which has a
half life of 24,000 years.
Reactor fuel wastes are being produced in Canada in increasing quantities as the nuclear power program in this country expands (71). The waste
management problem was not considered to be particularly serious when NPD
first started operation (1962) although some experimental work on waste
disposal had been undertaken since the early days of the Chalk River program
(72). It was not until the late 1960s, at about the time that the Douglas Point
reactor first went into operation (1968), that serious attention was given to the
issue. Since that time a number of options for long term storage and disposal
have been considered both in Canada and worldwide.
Theoretically, the most attractive method of management would be the
transmutation of long lived toxic nuclides by nuclear reactions to shorter
lived, less toxic nuclides, but the inefficiency of this approach combined with
high cost, and the risks associated with the handling involved have ruled it out
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from serious consideration (73). Disposal of wastes in outer space by means
of rockets has also been suggested but the potential unreliability of rocket
systems and the possibly disastrous consequences of a rocket failure near the
earth have tended to exclude this method also. A third option, disposal in the
earth, is now being almost exclusively considered. Three types of sites have
received attention, polar icecaps, the sea-bed and geologic disposal in rock
formations. Polar icecaps have received least attention because of uncertainties of ice movements over long periods of time. Sea-bed disposal is being
examined by several countries, particularly those in Europe which have
limited land areas suitable for geologic disposal (74). In most countries the
preferred solution is disposal in deep geologic formations which are known to
have been stable for long periods of time (75). Several types of rock are being
considered including salt and granite. Both offer two features which are
essential for permanent waste disposal sites. The first is the promise of a
geologically stable system which has remained unchanged for millions of
years and can be expected to remain unchanged for a similar period in the
future. The second is the possibility that only small amounts of ground water
will pass through the formation. The water, if present, would tend to leach
radioactive materials from the waste and carry them back to the surface where
they could provide a hazard to the biosphere. Broadly speaking, disposal in
salt has received more attention in the USA and disposal in granite has been
preferred in Canada, but each country has both types of geologic formation
available to it. There has been a free flow of information on experiments with
all types of waste management between the interested countries, since in most
of them developing an acceptable method of waste management is considered
essential to the continued expansion of their nuclear power programs.

The Role of the AECB
Before the advent of a nuclear power program in Canada, waste disposal
was not considered as a difficult issue, so that it is not surprising that the first
report by the AECB on waste management was issued as recently as 1969
(76). In the report, the Scientific Adviser to the Board discussed various types
of radioactive pollutants and also the methods currently being used to control
them and dispose of the waste. Ultimate disposal of fuel wastes, according to
the report, should be in government controlled waste areas which could be
maintained "in perpetuity" as waste disposal sites. In this connection the
procedures followed for the designation and maintenance of cemeteries were
cited as providing a useful guide. Proposals for private waste disposal sites
had not been approved because procedures for ensuring that such privately
owned land would be maintained in perpetuity were not developed.
The content of this report and the need for a national waste disposal
policy were discussed by the Board in July 1971 but no conclusion appears to
have been reached.
The authority of the AECB to deal with waste management was not an
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issue with the Board. The Atomic Energy Control Regulations of 1960 (77)
stated that no person should "deal in" (where "deal in" was defined among
other things as "dispose of") prescribed substances except in accordance with
the provisions of the Regulations or of an Order. The amended Regulations of
1974 (78) made AECB control of waste disposal more explicit by including
"a facility for the disposal of prescribed substances" under the definition of
"nuclear facility" and stating that no person could operate a nuclear facility
except in accordance with a licence issued by the Board.
Despite its clear regulatory authority, the Board in the early 1970s did
not have the technical expertise to generate standards for a waste facility, and
in 1972, during a further discussion of the waste disposal issue, the Board
agreed that AECL would have the technical responsibility for the development of retrievable waste storage sites for spent reactor fuel while the AECB
would maintain its regulatory responsibility.
The concept of a retrievable waste facility was a new one and it arose
largely from the uncertain future of the plutonium contained in spent CANDU
fuel. Plutonium could be recovered from the spent fuel and used as a valuable
fissionable material in its own right but there were no immediate plans for
building a reprocessing plant in Canada for this purpose. It seemed unwise
however to exclude such a plant from future plans and it was desirable to store
spent fuel, so that, if necessary, it could be retrieved and processed at some
future date. This conclusion had been arrived at by a radioactive waste
management committee set up by AECL in 1972. One of the recommendations of this committee was that a design study should be commissioned to
examine i.ie long term retrievable storage of spent fuel (79). The design study
was carried out by an AECL "Committee Assessing Fuel Storage" which
reported in December 1974 (80). This committee was asked to screen
promising retrievable storage methods and recommend which method (or
methods) should be studied in further detail. As a result of its studies the
committee recommended that work be initiated on above-ground, cannistertype sto r age as an interim waste management measure (up to a hundred
years). For permanent disposal, emplacement of wastes in geologic formations such as salt was recommended.
Th ;se twin concepts of above-ground interim storage in cannisters and
deep geologic emplacement for ultimate disposal have provided the direction
for further developments in waste management in Canada.
For the next few years progress was slow, but in April 1977, the
Government authorized the Department of Energy, Mines and Resources to
commission an independent expert grjup to examine the subject of nuclear
waste disposal. The terms of reference of the study limited it to radioactive
material emanating from nuclear power stations and did not cover other
aspects of the nuclear fuel cycle such as mining, milling and refining. The
study was completed in the short time of four months and the report, which
came to be known as the Hare report after the chairman of the task force, was
issued in August 1977 (81). Its major recommendation was that the AECL
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research and development program be accelerated to demonstrate the feasibility of the safe disposal of radioactive wastes in deep geologic formations. It
also provided a timetable for the production of such a repository. By the end
of the same year the Government had directed that AECL should accelerate its
waste management development program and had provided the necessary
funds. Initial funding was for a period of two years and it has since been
extended for three more.
The concept of interim storage of spent fuel also received further
attention. In June 1978 AECL and Ontario Hydro began a joint program of
development for an interim storage tacility with AECL accelerating its current
work on the development and testing of the concept of concrete canisters and
Ontario Hydro providing engineering and economic studies of the concept. A
further joint program of work on pool storage was also begun.
*
Meanwhile, the Board had been developing its own regulatory and
policy stance towards waste management facilities. The first step was the
publication in J 974 of a Guide for Licensing of Radioactive Waste Management Facilities (82). In the Guide, waste storage or management facilities
were divided into three categories.
Category A — facilities for the collection, packing and temporary storage of
radioactive wastes for periods up to two years.
Category B —facilities for storage of radioactive wastes for some intermediate j.eriod (up to fifty years).
Category C — facilities for very long term storage and management of
radioactive wastes.
The type of information required for licensing each of these categories of
facility was described and the conditions likely to be imposed if a licence were
granted were indicated.
The Guide was followed in July 1975 by an AECB report on Regulating
the Management of Radioactive Wastes in Canada (83). The three categories
of facilities just described were retained and it was emphasized that all three,
including long term storage, were intended to provide retrievable storage
since there had been no demonstration of the long term integrity of any
disposal facilities. No category A facilities had been licenced in Canada
although it was noted that low level wastes were being disposed of regularly
in sites at the AECL establishments at Chalk River and Whiteshell. Two
utility-operated Category B waste management facilities were being operated
under Board licences, one at the Bruce nuclear power site at Douglas Point
and the other at Gentilly, Quebec. In addition, a Department of National
Defence waste management site at Suffield, Alberta, was also licensed and
this site handled some civilian wastes by agreement with provincial
authorities. There were no Category C licences to date nor had any been
proposed.
In October 1978, a further report defined more dearly the regulatory
view of the Board on waste management (84), particularly with regard to
Category C facilities and specifically in relation to the disposal of waste in
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bedrock. Three important principles are to be found in this report. Firstly that
the concept of disposal involves a method of management which does not rely
for its integrity on the continual need for institutional controls. The concept of
perpetual care over waste disposal sites had been abandoned as being
impractical. Secondly, there should be no intention of retrieval. Once disposal
had been accomplished there was to be no provision in the design of the
facility for returning to the waste to extract valuable materials such as
plutonium. Thirdly, it was acknowledged that there could be no absolute
guarantee that waste emplaced in rock would forever be isolated from the
biosphere. On the contrary it was assumed that some material would
eventually be released and retvmed to the biosphere but this must be at an
acceptable rate.
An approach which was based on the concept that a waste disposal
facility cannot be expected to provide perfect isolation for an infinity of time
made the facility amenable to a normal type of safety analysis in which the
design features can be scientifically assessed by a combination of experiments
and predictive modelling. Once wastes have been embedded in rock, there are
a limited number of 'pathways' through the engineered barriers built into the
facility and through the natural barrier provided by the depth of emplacement
in the rock by which radioactivity can return to the biosphere. By studying
these pathways and the rate of movement of radioactive materials through
them, assessments could be made of the rate of release of radioactive material
and hence the extent of the hazard this imposes on man and his environment
(85).
It is interesting to note that this approach to the resolution of the
"permanent waste disposal problem" was the same as the philosophical
approach which had been developed more than ten years earlier in Canada to
resolve the problem of the safety of nuclear reactor systems. It was seen
earlier that reactor safety philosophy had been derived from an "outside-in"
approach in which absolute safety was considered to be unobtainable and
hence exposure limits had been set at a boundary which the design proposal
should ensure would not be exceeded. The permanent waste disposal problem
can be treated to a similar solution by first admitting that a guarantee of zero
release of radioactive waste to the biosphere for millenia is impracticable and
then specifying what levels of release rate would be acceptable. Once this has
been done it should be possible, by tracing pathways back from the boundary
(the biosphere) to the waste, to produce design proposals which would ensure
that these levels would not be exceeded. By adopting again an "outside-in"
approach, the way was open to provide a facility design for which safety
could be demonstrated experimentally.
The 1978 AECB report also spelled out in some detail the sequence of
events necessary to obtain a licence for a waste disposal site. These followed
the sequence for reactor licensing which has been mentioned earlier, with site
approval being obtained first and construction approval following, each with
its own environmental and safety assessments. These two steps would then be
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followed by licensing approval to emplace waste and then by an authorization
to effect closure of the facility. Again environmental and safety assessments
would accompany each stage.
It remains for the Board to produce guidelines setting out the conditions
under which each stage of the licencing process will be approved. The first set
of guidelines is being prepared for site selection, and according to the joint
AECL/Ontario Hydro program on nuclear waste management referred to
above, the initial site selection process is intended to take place between 1983
and 1987. Site selection guidelines will have to be ready before site selection
takes place and Board staff are currently working towards this deadline.
The Radioactive Waste Safety Advisory Committee
By the mid-1970s interest in the safe management of radioactive waste
was accelerating rapidly. Two waste management sites were in existence at
the Bruce Nuclear Plant Development (BNPD), and in addition, licensed
waste management facilities were in operation at the Defence Research
Establishment near Suffield, Alberta, and at the Gentilly Nuclear Power
Station in Quebec. During 1974 approval was granted to begin loading waste
into the storage trenches of BNPD Site no. 2 and applications were under
consideration for a radioactive waste incinerator and additional waste storage
facilities (86).
The Board did not have the staff to cope with this increasing activity in
waste management so it established a Radioactive Waste Safety Advisory
Committee (RWSAC) at the end of 1974, to advise it on technical policy
matters relating to radioactive waste management and to review applications
for the siting, construction and operation of specific radioactive waste
management facilities. Membership of the Committee of twelve included
nuclear health and safety experts, environmentalists and a representative from
AECL.
The inaugural meeting of the RWSAC was held on August 20, 1975, and
the second meeting was held the following month at the BNPD to assess the
safety of waste management Site no. 2. The Committee was generally
satisfied with the facility and as a result of its recommendation to the Board, a
waste management facility operating licence No. WFOL 1/75-1 dated
December 5,1975 was issued to Ontario Hydro by the Board.
In June 1976 the Committee turned its attention to Eldorado's waste site
at Port Granby as a result of Eldorado's application to extend the site
operating licence. The Committee members met with Eldorado staff and
visited the site and were scathing in their comments on both. Various
members commented that the site was "poorly designed and managed", "an
insult to the people of Ontario", and "not operated within the spirit of the
ICRP recommendation that releases from a nuclear facility should be as low
as reasonably achievable". The Committee agreed that Eldorado "deserves to
be severely criticized" for the way it had allowed the site to get into its
present state and that its poor attitude towards managing its wastes should be
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considered in formulating a licence recommendation. The Committee spent
considerable time debating the Port Granby situation but by the end of the
year it agreed to recommend to the Board that the licence for the site should be
extended for six months, although with certain conditions which would
provide immediate and longer term improvements.
The Eldorado site and other waste facilities continued to occupy the
Committee for the next year. In addition much useful work was performed in
assisting AECB staff to develop the principles of waste management, but
some of the members began to feel that the effectiveness of the RWSAC was
limited. As a result, a special meeting was held between members of the
RWSAC and the Board staff on March 15, 1978 to explore some of the
concerns the Committee members had about their role in the licensing
process. Members felt that the Committee was only being used for licensing
when the Board thought it was expedient to use it. It was not always asked to
participate in waste management issues, and in this respect particular attention
was drawn to the question of the assessment of uranium mill tailings facilities.
The members felt strongly that the RWSAC should be involved in this issue
which until then had been handled solely by the Mine Safety Advisory
Committee.
The Board staff's response to the Committee could not have been
reassuring. It was pointed out that the Board was trying to stop the
proliferation of safety advisory committees (13 of which had already been
formed), and to develop a staff capable of handling all licensing activities
internally. It was thought that safety advisory committees could best assist the
Board in dealing with generic questions rathsr than with licensing requirements, in the development of policy, and in the preparation of fundamental
licensing requirements, criteria and guidelines. The Board was trying to
establish two or three broadly based standing safety advisory committees to
cover the entire fuel cycle with an expanded Board staff handling the detailed
licensing requirements. It was hoped that the Board staff would work with
provincial agencies in licensing and compliance activities.
There were no further meetings of the RWSAC and the Board staff now
dealt with all radioactive waste management license applications. The
Committee was formally disbanded, together with all other safety advisory
committees, on April 1, 1979.
THE REACTOR FUEL INDUSTRY
Introduction
Uranium fuel is the heart of a reactor system. It is the site of energy
production, the source of radioactive wastes, the origin of safety concerns and
the reason for safeguards procedures. As we have already seen, all roads in
reactor design and waste facility projections must lead back to the fuel.
When the NRX and NRU research reactors first went into operation at
Chalk River the uranium fuel used in them was in the form of metal, metal
150

rods for the former and metal strips for the latter. In the light of existing
technology for fuel fabrication, and the performance requirements for
research reactors, uranium metal performed well. When it was decided to
proceed with the design of power reactors it was realized that uranium metal
would be unsuitable.
The AECL research reactors produce considerable quantities of heat, up
to 30 MW in the case of NRX and up to 200 MW in the case of NRU, but this
heat is at low temperature and it would be quite unsuitable for power
production. The temperature of the outlet water from NRX is only about
170°F but in order to drive an electrical turbine generating set, high
temperature steam is required. The lowest water outlet temperature that would
produce steam would be in excess of 212°F, and in order to produce steam
suitable for electrical power production, a temperature of 500-600°F is
desirable. Water can only be heated to these temperatures if it is under
pressure and a high temperature-high pressure system presented reactor
designers with two difficult problems.
Firstly a material would have to be developed which would contain the
pressurized water and also provide suitable cladding for the fuel elements to
keep the uranium out of contact with the water. The research reactors had
used aluminum for both these purposes, but at the temperatures required for
power reactors aluminum would corrode so rapidly that it would be useless.
Other materials with better corrosion resistance such as stainless steel could
be used but they would absorb so many neutrons that it would not be
practicable to maintain a sustained chain reaction in natural uranium. Shortly
after the design work had commenced on the NPD reactor, the material
problem was solved by the introduction of an alloy of zirconium (zircaloy)
which had been developed in the USA and tested in the NRX reactor. It had
the required properties of good corrosion resistance and good mechanical
strength combined with low neutron absorption, and has since been used in all
Canadian power reactors.
There remained a second problem in the utilization of high temperatures.
Uranium metal undergoes a change in its crystalline structure at about 1200°F
and temperatures above this cause the metal to swell so that it would rupture
the cladding which protects it from the water. In order to produce an outlet
water temperature of 500-600°F, the temperature inside the uranium fuel
would rise well above the phase change temperature. If the uranium swelled
and split its sheathing the water would react with the uranium and carry the
radioactive fission products with it to contaminate other parts of the reactor
system. An additional problem occurs within the uranium where, as a result of
the fissioning process, gases are evolved which could cause blisters on the
surface of the metal rod which in turn could rupture the sheathing and release
radioactivity into the cooling water. It was clear that a new form of uranium
fuel was required.
The answer to this problem was the use of uranium dioxide (UO 2 ) rather
than uranium metal. Uranium dioxide can be readily prepared as a fine
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powder from the yellowcake (U 3 O 8 ) produced in the uranium refining
process. The powder could be pressed into cylindrical pellets and then
sintered in hydrogen. The pellets could be ground to fine tolerances so that
they fitted snugly into a zircaloy sheath. Uranium dioxide does not melt until
it reaches a temperature of nearly 5000°F and although crystalline changes
occur at lower temperatures, they are not accompanied by the sudden swelling
which was found in uranium metal. If small leaks did develop in the sheath
material the uranium dioxide was much less reactive to water than uranium
metal since it was already oxidized and hence the release of fission products
would be much less serious. The sintered form was also found to hold the
gaseous products of the fission process much better than uranium metal and
did not show such a tendency to produce blisters. The first design of the oxide
pellets adopted for NPD and subsequent series of CANDU reactors had a
hollow ground surface on one face which accommodated axial thermal
expansion of the pellet at power (87).
The oxide pellets were sealed into a zircaloy tube about 20 inches long
and 19 of these tubes were assembled in a cluster to provide a fuel bundle for
NPD (88). The bundles were placed end to end in a horizontal zircaloy
pressure tube containing coolant running through the length of the reactor.
The experimental work leading to the development of sintered uranium
oxide pellets was carried out at the Mines Branch of the Department of Mines
and Technical Surveys in Ottawa under the direction of Dr. A.T. Prince who
was later to become President of the AECB (89). The subsequent development of the CANDU fuel bundles containing the sintered pellets was carried
out mainly by the Chalk River Laboratories of AECL (90), with some
assistance being given by the development laboratories of Canadian General
Electric, the designers of NPD. The first fuel bundles for NPD were
fabricated by CGE and, subsequently, manufacture was also carried out by
AMF Atomics Ltd.. Westinghouse Canada Ltd. took over the AMF operation
in the mid 1960s and in the mid 1970s Combustion Engineering Ltd. became
a third Canadian fuel fabricator. These three companies between them have
supplied all the fuel for the whole of Canada's domestic nuclear power
program and for much of its overseas program. A listing of fuel fabrication
facilities in Canada is provided in Table 4.
The fuel bundles have been remarkable for their simplicity, low cost and
extraordinary reliability. Very few failures have been reported in the hundreds
of thousands of bundles produced (91). The core material of Canada's nuclear
program has provided fewer problems for the AECB staff than any other
aspect of the nuclear cycle.

The Role of the AECB
Until the late 1950s the AECB took little interest in fuel fabrication, and
when its interest was aroused it was because of the potential hazards due to the
use of enriched fuel. Natural uranium fuel was, and still is, of much less
concern to the Board. It presents no problems of criticality and the
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TABLE4
FUEL FABRICATION FACILITIES LICENSED IN CANADA (JULY 1980)

LICENSEE

OPERATION

LICENSED
CAPACITY
(TONNES/YEAR)
OF URANIUM)

Canadian General
Electric Co. Ltd.
Toronto, Ontario

Fuel Pellet
manufacture

450

Canadian General
Electric Co. Ltd.
Peterborough, Ont.

Fuel bundle
manufacture

500

Westinghouse Canada
Limited
Port Hope, Ontario

Fuel pellet
and bundle
manufacture

750

Westinghouse Canada
Limited
Varennes, Quebec

Fuel bundle
manufacture

200

Westinghouse Canada
Limited
Hamilton, Ontario

Research and
Development

decommissioned

Line " A " production

20

Combustion EngineeringSuperheater Limited
Moncton, N.B.

manufacture of natural uranium fuel elements in low volumes can be
considered as just another manufacturing process. However, today's high
volume production does give some cause for radiological concern, and it is
increasingly necessary that strict measures of good housekeeping are applied
at all stages during the process.
Enriched uranium on the other hand presents continuing hazards since
every time part of it is moved, its spatial relationship to other enriched
uranium must be considered so that not enough is accumulated in one place to
cause a criticality incident. By the late 1950s, AECL began importing small
quantities of enriched uranium from the USA for experimental purposes. In
order to provide internal control over this material a Criticality Panel was set
up at Chalk River in late 1956 to develop procedures for the safe handling of
uranium enriched in uranium-235 (92). Although the Panel was intended to
regulate the internal operations of AECL in relation to enriched material, in
April 1957 the services of the Panel were offered to the AECB to evaluate any
criticality hazards involved in the transportation, use and storage of special
fissionable material. The Board had no expertise in this area so the offer was
accepted. The Board pointed out that the recently formed RSAC would
certainly want to consult with the Panel regarding the fuel for the McMaster
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University reactor. This was a light water pool reactor which would use
enriched uranium fuel obtained from the USA. The informal arrangement
between the Board and the Criticality Panel continued until early 1959 when
the Board formally requested the AECL Panel to assess hazards and
recommend precautions for potential problems which would normally come
under the jurisdiction of the Board. AECL agreed with this request, and by
August 1961 the arrangement was working so well that the Board asksd
AECL to also assume responsibility for the inspection of companies that were
fabricating its enriched fuel. AECL was requested to see to the instruction of
all personnel of its contractors who might be concerned with handling special
fissionable material and also to inspect the contractor's operations so far as
they related to criticality problems. Since AECL was the only body in Canada
using contractors to handle its special fissionable materials, effectively AECL
would be responsible for providing, through its Criticality Panel, for the safe
operation of all fuel fabrication facilities in this country (93). The Board
received the assessments and recommendations from AECL and used them in
its licensing decisions.
Some personnel in AECL were not too happy with this request,
particularly as the number of licences increased, and with it, the work load
placed on AECL staff. In view of these objections, the AECB agreed to do its
own inspections of fuel fabricating facilities and the first inspector's report
was filed in July 1962.
A year later AECL wished to reduce further the activities of its Criticality
Panel by withdrawing from the assessment of criticality applications outside
of AECL except for unusual cases. The Board agreed to this and since 1963
the Board staff has increasingly carried out criticality assessments, inspections and licence processing with decreasing inputs from the AECL Criticality
Panel. In this, they have been assisted by Criticality Committees set up by the
licensees at their own establishments. In 1970 the Board appointed th Irst
full-time staff member to deal with criticality hazards, but by the end oi the
decade the work had become so routine that only the part-time efforts of a
professional were required to run the operation.
Although reactor fuel lies at the core of many reactor related hazards, the
manufacture and use of the fuel has caused very few problems for the AECB.
Credit for this must go firstly to those at the Department of Mines and
Technical Surveys, AECL, and CGE for the excellent development work they
carried out which produced a highly reliable product. This credit must be
shared with the Canadian fuel fabricating companies who translated a
developed product into a manufactured item. There has obviously been an
excellent transfer of technology from AECL to the manufacturing companies.
The AECB took an early interest in the fuel fabricating companies to the
extent of providing inspection and licensing services assisted by recommendations from AECL's Criticality Panel. During subsequent growth of the
industry, a good working relationship between the Panel and the Board staff
has been maintained.
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CHAPTER9

AECB and the Radioisotope and
Transportation Industries
History of the Industry
The AECB became involved in regulating the production, distribution
and use of naturally occuring and artificially produced radioactive materials at
an early stage in its history. The control of naturally occurring radioactive
ores was an immediate concern of the Board after its creation in 1946 but
since the issues raised in this connection have been discussed previously they
will not receive further attention in this chapter.
Artificially produced radioisotopes have created a flourishing industry in
Canada and world-wide. Thanks to the early lead established by the
construction of the NRX reactor, this country was able to embark on a
program of providing radioisotopes and related equipment which has kept it
abreast of the major atomic energy countries, the USA and the UK, and ahead
of the rest of the world. Since these products have been mainly used for
medical purposes, Canada has played a major part in erasing the adverse
image of atomic energy created at Hiroshima. The fact that most of the
Canadian business in this area (about 90% of it) has been in the export market
has not only helped spread the message of the peaceful atom, it has done so in
a way that has been economically advantageous to this country. In this chapter
the rise of the Canadian radioisotope industry will be outlined together with
the relationship of the AECB to this industry and to the closely related
transportation industry which has been responsible for moving the products.
The major producer of radioactive isotopes in Canada has been AECL
with additional small quantities being produced by university research
reactors, such as the one at McMaster University, and by particle
accelerators. Most of the latter producers have provided material for internal
use in research experiments although occasionally small quantities have been
sold to customers outside the university. They have not approached either in
quantity or variety the number of radioisotopes produced by the NRX and
NRU reactors at Chalk River and our major interest will be artificially
produced radioisotopes from these two sources.
The NRX reactor began producing radioisotopes at a very early stage in
its history. During early operations when the reactor was still at fairly low
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power some experimental irradiations of materials were begun. In August
1947, while the reactor was still at only 100 watts, a quantity of sodium
carbonate was irradiated for 30 hours to provide a small quantity of
sodium-24. This was a historic first in the production of radioisotopes in
Canada (1).
By the following March, when the power was at 2 MW, the 200th
irradiation of materials to produce radioisotopes was reported and a cobalt-60
substandard had been sent to the National Physical Laboratory at Teddington,
England for intercomparison purposes (2). Offers of these radioisotopes were
made to universities, research laboratories and industry, and the response was
immediate and enthusiastic. Possibilities were seen for the use of
radioisotopes in many aspects of investigational work but the area which
promised the most beneficial use was in medicine.
In 1945, Dr. J.S. Mitchell, Professor of Radiotherapeutics at Cambridge
University, while spending a year in Canada, wrote a report for the Montreal
Laboratory of the NRC in which he described three valuable possibilities for
the use of radioisotopes in medicine.
1. Radioactive tracers for the study of normal and pathological
metabolic processes and for investigations in pharmacology and
therapeutics.
2. Radioactive sources for radio-therapy.
3. Methods taking advantage of the fact that certain radioisotopes tend
to accumulate and concentrate in particular cells and tissues. (3)
This forecast was remarkably accurate, describing as it does the three
major areas in which radioisotopes are currently used in medicine.
The early production of cobalt-60 mentioned above is noteworthy since it
was this isotope that was to be widely used for therapeutic purposes. As early
as March 1946, W.V. Mayneord, a British authority on the effects of
radiation who had worked with the Montreal group, had described what was
known of the radiation characteristics of cobalt-60 and had concluded that:
We see that the cobalt for therapeutic purposes may probably be regarded as
an emitter of fairly monochromatic radiation of mean energy 1.2 MeV and
a soft beta radiation — an almost ideal combination... .(it is) likely to
prove far less troublesome than the corresponding radium radiation. (4)
The "troublesome radium" which at that time was being used for
medical therapy had been supplied by another Canadian Crown Corporation,
Eldorado Mining and Refining Ltd. Eldorado had set up a commercial
products division in 1946 to process and sell radium products which were now
a by-product of its uranium refining activities at Port Hope. In 1948, as a
result of experience in selling radium in competition with the new isotopes
coming from Chalk River, it was recc . tended to the President of Eldorado
that a special organization was needeo : "Canada to produce and distribute
radioisotopes on a world-wide basis. It was already evident that the existence
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of the high flux NRX reactor would give Canada a strong competitive position
in the export of radioisotopes to other countries.
In 1950, two requests were received at Chalk River for cobalt sources to
be used in beam therapy units for cancer therapy. One was from the
Saskatchewan Cancer Commission (5) and the other was from the Ontario
Cancer Foundation (6). The unit for the latter was designed and built by
Eldorado Mining and Refining Ltd and installed in Victoria Hospital,
London, Ontario. Units for both organizations were installed in the autumn of
1951 and started treating patients within a few days of each other.
The cobalt teletherapy units were an almost immediate success and this,
together with the rapid demand for radioisotopes for other purposes and the
proven capacity of NRX to produce them, called for special arrangements to
be made at Chalk River to handle processing and sales. On August 1, 1952,
four months after the creation of AECL as a Crown Corporation, the
Commercial Products Division of Eldorado Mining and Refining Limited was
transferred to AECL where it became the new AECL Commercial Products
Division (7). The Division was established in Ottawa, a more central location
for transportation purposes than Chalk River, and a building to house the new
division was constructed in Tunney's Pasture, Ottawa, in 1953.
The stated purpose of Commercial Products was " t o market
radioisotopes for which there is current demand and to develop uses for
radioisotopes which were available but for which no current uses were
known" (8). To achieve these objectives Commercial Products of AECL (9)
was set up as a separate division within the parent Crown Corporation with its
own development, manufacturing and sales organization and with its own
accounting system to enable it to register a statement of operations showing a
profit or loss at the end of each year (10). Most years it has shown a profit
and, despite heavy losses during some years, a small aggregate profit has been
recorded by the division during the period 1952-79.
Traditionally, the products produced by Commercial Products have been
mainly directed towards the medical industry and this aspect of the operation
continues today. There are three major product lines; teletherapy units,
radiation processing equipment and radioisotopes, and all three groups serve
mainly the medical industry either directly or indirectly.
Teletherapy units, which are used in hospitals and clinics for treating
cancer, have the most direct connection. Since the first machines were
installed in Canada in 1951, hundreds of units have been produced by
Commercial Products for use in Canada and in mos> other countries in the
world. Starting in the early 1970s many cobalt therapy machines have been
replaced by accelerators which produce higher energy gamma beams. The
installation and use of medical accelerators has been one of the topics
considered by the Accelerator Safety Advisory Committee which was
originally set up by the Board in 1962 to provide advice on the licensing of
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research accelerators in universities. In March 1970, the Board instituted a
formal licensing system fcr these facilities by publishing a Particle
Accelerators Order in which particle accelerators were specified as prescribed
equipment under the Atomic Energy Control Regulations, and it was decreed
that no person shall deal in a particle accelerator except under and in
accordance with an Order of the Board (11). Subsequently, particle
accelerators were included in the definition of a "nuclear facility" in the 1974
revision of the Regulations. Cobalt-60 had been included in the definition of
prescribed substances since the 1947 Regulations, and cobalt-60 therapy
machines were defined as "prescribed equipment" so these units have always
been licensed by the Board.
The second product group, radiation machines, has largely consisted of
two types. First produced were a series of cobalt-60 irradiation facilities
which were self shielded, free-standing units designed for laboratories doing
experiments on the effect of radiation on materials or animals. Several
hundred of these units have been sold, some in Canada, but mainly overseas,
and the cobalt-60 sources in them have varied, according to design, up to
about 20,000 curies (12). In the mid 1960s another type of irradiation
machine was designed, this time for sterilizing medical disposables. Previously the normal method of sterilization had been by ethylene oxide gas but it
was found that there were cost advantages to using gamma radiation. The
medical items could be produced and packaged under clean, but not sterile,
conditions and then passed through a strong gamma radiation field which
would kill any bacteria inside the package. The package contents would then
remain sterile until opened in a hospital operating theatre (13). The designs
have been successful and there is now an expanding industry using radiation
sterilization for items such as sutures, hypodermic needles and other medical
disposables. The radiation units have capacities up to 3 million curies of
cobalt-60 (14) and they have been installed in Canada and other countries.
More cobalt-60 is now being sold for the sterilization of medical supplies than
for any other purpose including cobalt-60 therapy.
The third group of products is a series of processed radioisotopes and the
largest use of these is in the preparation of radiopharmaceuticals which are
used in the diagnosis of disease rather than in its treatment (therapy). It is
known that certain elements and compounds tend to concentrate in specific
parts of the body. If these elements or compounds are radioactive, or contain a
radioactive component, the emitted radiation can be used to obtain a picture of
the distribution of the radioactivity in that part of the body. Cancerous tissues,
which are proliferating faster than ordinary tissues, take up either more or less
of the radioactive material than the surrounding normal tissues, so that a map
of the distribution of radioactivity in an organ will often show whether
cancerous tissues are present, and, if they are, it will indicate their location. In
this way suspected tumors can be detected without surgery and, if surgery is
indicated, an incision can be made close to the tumor (IS).
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These techniques for using the wide range of artificially produced
radioactive isotopes available from the NRX reactor gave clinicians a
powerful new tool for medical diagnosis. One of the first medical
radioisotopes to find wide acceptance was iodine-131. It had long been known
that iodine in the body concentrates in the thyroid gland and radioactive iodine
in small quantities was early used to detect thyroid malfunctions. An
additional feature of iodine-131 was that the radiation emitted by much larger
quantities of the radioisotope could be used to treat certain thyroid conditions
(16).
However, most medical radioisotopes have been used solely for diagnostic purposes, for example, mercury-203 and later mercury-197 in chlormerodrin for brain scanning, selenium-75 in selenomethionine for liver
scanning and strontium-85 for bone scanning. In addition, various bodily
functions can be measured with radioisotopes such as chromium-51 for blood
volume measurements and xenon-133 for lung function studies.
During the late 1950s and 1960s, Commercial Products developed a
wide range of radioisotopes for use in medical diagnosis but during the 1970s
many of them were replaced by what has been described as the "almost
perfect" diagnostic radioisotope, technetium-99m (17). This radioisotope
emits a single gamma photon of the right energy for diagnostic work, it has a
short half-life so that after the radiation picture has been obtained it will decay
rapidly causing a minimum of unnecessary dose to the body, its high
radioactivity per unit mass means that only small quantities of technetium are
introduced into the body thus minimizing any toxic effects from the element,
and it can be formulated into several different compounds each of which is
fairly specific to a particular organ in the body. Technetium-99m is by far the
most widely used diagnostic radioisotope in the world today.
Commercial Products does not itself produce radioisotopes in formulations which are suitable for immediate medical use (18). The radioisotopes
prepared by irradiation in the NRX and the NRU reactors at Chalk River are
shipped to Ottawa for processing and the processed radioisotopes are then
shipped to radiopharmaceutical manufacturers for the preparation of sterile
formulations of the purity and type required for medical use in hospitals. The
largest producer of radiopharmaceuticals in Canada is the Charles E. Frosst
Company and this company was originally given a monopoly for the
preparation and distribution of medical radioisotopes in Canada. While still
the largest, Frosst is no longer the only Canadian radiopharmaceutical
company and additional competition is provided by USA companies exporting to Canada.
Commercial Products has not restricted its activities to the production of
radioisotopes for medial purposes. The use of radioisotopes is widespread
and various. Particular mention should be made of iridium-192 sources which
are used in the radiography of welds and castings. This is one of the most
important industrial applications of radioisotopes. Other radioisotopes,
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though usually in smaller quantities, have been used for a variety of purposes
from basic scientific investigations to the control of industrial processes.
There are probably few facets of modern life which have not been affected
directly, or indirectly, by radioisotopes. A discussion of the role of the AECB
in ensuring that they are used and transported safely will form the remainder
of this chapter.

The Role of the AECB
Nearly 5,000 licences for the use of radioisotopes are currently issued by
the Board. About 15 percent of these relate to users in the medical profession
while the rest are divided between commercial applications (such as sources),
research laboratories, universities, government establishments and miscellaneous users. Many of the licences are for the use of only small quantities of
radioactivity. In addition, a\e Board permits the use of radioisotopes without a
licence in some domestic products even though the amount of radioactivity in
each device exceeds the scheduled quantity for which an individual licence is
normally required. Devices such as smoke detectors, which typically contain
1-2 microcuries of americium-241 (scheduled quantity 0.1 microcuries), and
luminous ivrist watches, which contain 200 millicuries of tritium (scheduled
quantity 1 millicurie), are assessed on the basis of whether the benefits to the
public from their use are greater than the risks they may present.
Until mid-1980, as part of the Board's policy of allowing AECL to
regulate its own activities, the licensing process did not include either the
production of radioisotopes at Chalk River or their processing at Commercial
Products in Ottawa. Licensing started with a further recipient of the material
such as a radiopharmaceutical manufacturer or an end user. After mid-1980,
the Board's licensing activities were extended to embrace AECL's operations
including the production and processing of radioisotopes.
Transportation Regulations, however, have always applied to the shipment of bulk radioisotopes from Chalk River to Ottawa and then from Ottawa
to other users. It will be realized that at each stage in the distribution chain the
radioisotope is subdivided so that the quantity of the radioisotope in a single
package is decreasing. Shipments from Chalk River to Ottawa are often made
in large lead flasks weighing many hundreds of pounds. Shipments from
Commercial Products to a radio-riiarmaceutical manufacturer are typically
made in lead containers weighing about 100 pounds. Other shipments from
Commercial Products and most shipments from radiopharmaceutical manufacturers can be made by placing the bottle containing the radioisotope in a
tin can enclosed in a cardboard box. In some cases where the level of radiation
is higher, the bottle may be enclosed in a small lead pot. These latter types of
packaging have caused little difficulty in the licensing process but some of the
difficulties Commercial Products has experienced in getting licences for the
transportation of its large shipping containers will be described later in the
section. However, before looking at transportation issues, it will be necessary
to examine the role of the Board in the licensing of radioisotopes.
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Radioisotopes
During the Second World War the regulation of radioactive substances
had been included in an Order controlling all facets of the production and
supply of metals (19). Shortly after the end of the war this Order was amended
so that all metals except radioactive substances would be de-controlled and a
controller of radioactive substances was appointed solely to regulate these
materials (20). The Department of Munitions and Supply then issued an Order
(21) restricting the ownership and use of uranium and radium. Purchases of
over 2 pounds per month of uranium required a permit and possession of more
than 200 pounds of uranium also required a permit. The only company in
Canada at that time likely to be in possession of large quantities of uranium
was Eldorado Mining and Refining Limited and, at a Board meeting on
October 18, 1946, it was agreed that Eldorado should not enter into contracts
for the sale of its uranium without prior reference to the Board. The President
of Eldorado, W.J. Bennett, was informed of the Board's decision and agreed
to comply with it.
The Board's control over radioactive substances was further
strengthened at the end of 1946 when the Secretary to the Board (G.M. Jarvis)
was appointed Controller of radioactive substances.
On April 1, 1947, the Regulations made by the Board under Section 9 of
the Atomic Energy Control Act came into force and these Regulations
clarified the Board's control of radioactive substances. Radioactive isotopes
and substances containing them were included in the definition of prescribed
substances and no person was allowed to deal in prescribed substances except
in accordance with the provision of the Regulations or of an Order. Since the
definition of "deal in" included "ship", the transportation of radioactive
substances also became subject to Board regulation.
At the time the Regulations were passed, the major interest of the Board
was in uranium and radium but in the summer of 1947 the NRX reactor began
operation and a rapidly increasing number of artificially produced radioactive
substances came into use. Just nine months after NRX start-up, the Board's
annual report listed the shipment of nine different radioisotopes to eight
different Canadian universities. These isotopes were used for research
purposes and were distributed by the Isotopes Branch of the National
Research Council at Chalk River.
The employment of these isotopes in research institutions made it
necessary to establish health precautions for their handling and use. A
Medical Advisory Committee was established to considei all applications
from the point of view of the adequacy of the measures estai .shed by the
applicant to protect the user and to ensure that no injury could result from the
use of these materials. The Committee, assisted by the Health Radiation
Branch of the National Research Council, provided information and assistance to approved applicants in setting up and operating the necessary health
precautions (22). In addition, another committee was established to consider
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priorities of supply of the material taking into account the nature and
importance of the proposed research. In the early years the enthusiasm of
researchers for this new research tool was such that demand was greater than
supply.
The role of the Board was to issue licences to applicants based on the
recommendation of these committees. At the same time, arrangements were
made to tie in the procedures established in Canada for the safe handling of
radioisotopes with those established in the USA by the US Atomic Energy
Commission, so that isotopes from the USA could be imported into Canada
when the material required was not available from Chalk River. It was also
agreed by the Board that Canadian radioisotopes could be exported to other
countries, particularly the USA and the UK.
The health aspects of the use of radioisotopes continued to provide
problems for the Board as increasing numbers of universities, medical,
research and industrial laboratories across the country began using these
materials. The Dominion Council of Health was asked to look into the
situation and it produced a series of proposals which were agreed by the Board
as follows:
(a) The Board should continue to report sales of radioactive materials to
the provincial health authorities.
(b) Health regulations for the consideration of the provinces should be
drafted by the Dominion Department of Health.
(c) The Dominion Department of Health should provide a consultative
service to the provinces and also provide training courses for
provincial personnel.
Drafting health regulations was relatively easy but getting the provinces
to apply them in their own areas of jurisdiction proved to be a more difficult
task. As a result, the Dominion Council of Health reported in 1954 that the
provinces had declined to assume responsibility for health matters in
connection with radioisotopes. The provincial authorities had no organization
and no legislation which would allow them to act and they were satisfied to let
the federal authorities deal with the situation. The federal Department of
National Health and Welfare then agreed to assume this responsibility not
only with respect to the human application of radioisotopes but with respect to
research and industrial applications as well. The Radiation Protection Division, which had been set up by the federal Department to regulate the use of
x-rays, assumed these responsibilities. Health and safety .regulations were
drafted, and these were discussed by the Board in 1958, reviewed and
endorsed by the Dominion Council of Health and included in the revised
Atomic Energy Control Regulations issued in ft>60 (23).
The Radiation Protection Division of the Department of Health and
Welfare advised the Board on questions of licensing of facilities and also
performed compliance inspections, sometimes assisted by provincial health
officers. In addition, the federal Department formed an Advisory Committee
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on the Clinical Uses of Radioisotopes, which advised the Minister on clinical
uses of radioisotopes and also on the qualifications and experience of
physicians using radioisotopes in medical procedures.
In the mid-1970s, as the level of the Board's staff increased, the role of
the Department of Health and Welfare in licensing users of radioisotopes and
the establishments in which they worked was taken over by Board staff. By
mid-1977 the major task related to radioisotope licensing left with the
Department was the operation of a film dosimeter monitoring service (24).
The provision of advice on the competence of physicians to use radioisotopes
clinically also remains with the Department. All other facility licensing and
compliance work is now being done by the Board staff with some assistance
still being obtained from the provincial inspectors.
In 1976 the Board established a Radioisotope Advisory Committee
comprising federal and provincial government representatives, individual
experts and AECB staff to review and advise on all aspects of radioisotope
control including licensing policies, health and safety considerations, compliance assurance, accidents and incidents. The Committee first met on March
24, 1977, and there were three further meetings before the AECB Advisory
Committee system was disbanded on April 1, 1979. Some of the functions of
the Committee have been taken over by the new broader-based Advisory
Committee on Radiological Protection which was formed in May 1979, but
the bulk of the regulatory work will be handled by the expanded number of
staff personnel in the Radioisotope and Transportation Division of the Board.
The large number, diversity of use and geographical dispersion of
radioisotopes make it impossible for the Board staff to completely monitor all
the end uses of radioisotopes. Consequently there is a risk of improper use of
radioisotopes which may result in injury due to radiation over-exposure.
During 1979-80 twelve instances of real or apparent over-exposure were
reported and in six of these, investigations showed that over-exposure had
actually occurred. In one case a company had its license revoked because its
practices were found unacceptable. The Board regards this type of risk as a
normal industrial hazard which cannot be prevented but which, through the
imposition of standards and licences combined with compliance inspections,
can be minimized.
Transportation
The Atomic Energy Control Regulations of 1947 gave the AECB
authority to license or provide Orders for the shipment of radioactive
materials, but for many years the Board did not act aggressively in this
connection, preferring to allow other regulatory bodies in the transportation
field to develop their own Regulations for the safe transportation of these
materials. However, when Regulations were developed by other agencies, the
Board was consulted and made useful inputs into their formulation so that the
content of the Regulatio.ns had, in effect, been approved by the Board.
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In 1947, the Board of Transport Commissioners (BTC) (renamed the
Canadian Transport Commission in 1967) which, among other things,
regulated rail transportation, already had Regulations governing the transportation of dangerous materials. Radioactive materials were clearly in this
category and in 1947 General Orders were issued by the BTC amending their
Regulations for rail travel, by express and by freight, to include radioactive
materials. General Order No. 712 amended the Regulations for the transportation by express of acids, compressed gases, inflammables, oxidizing
substances, etc., and the specifications for shipping containers. General Order
713 amended the Regulations for the transportation of explosives and other
dangerous articles by freight, and specifications for shipping containers. Both
amendments were issued on April 5, 1948 after they had been approved by the
AECB and by Eldorado Mining and Refining Limited. It was appropriate that
rail transportation was the first to have its Regulations amended since the
major movement 3f radioactive substances at that time was the transportation
of radioactive ores by rail. It should be noted that amendments to the
Canadian Rail Regulations followed closely the amendments to the USA Rail
Regulations made by the US Interstate Commerce Commission also in 1947.
It was important for the transfer of uranium ore from one country to the other
that the transport Regulations should be similar.
In 1954 the Board of Steamship Inspection issued Regulations for the
carriage of dangerous goods in ships (25). These Regulations included
"Recommended Precautions to be Taken for Safety in the Carriage of
Radioactive Materials in Ships", which were similar to those issued for rail
transportation. The AECB was also consulted in the preparation of these
Regulations.
The first attempt to develop a comprehensive set of Regulations for the
packaging and shipment of radioactive materials was begun by tne International Atomic Energy Agency in 1959, and completed in 1961 (26). The
Regulations were written in such a form that a State could, if it wished, take
them over completely for its own purposes. If all national Regulations
conformed to the IAEA Regulations it would of course greatly facilitate the
international movement of radioactive substances and in fact most national
Regulations, including Canada's, have followed closely the IAEA proposals
for Regulations.
By the early 1960s the number of movements of radioactive isotopes in
Canada had grown considerably. In 1961-62 there were 7,027 shipments
made by Canadian suppliers and in addition there were 1,451 import and
1,391 export shipments (27). Most of these shipments were now being made
by road, yet there were no Regulations. To fill the gap, the AECB issued a
Shipping Containers Order in 1963 which prohibited the shipment of
radioactive prescribed substances unless the container met the requirements of
the relevant transportation authority. If that authority had made no requirements (as in the case of road transportation) then the container had to conform
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with the requirements of the Board of Transport Commissioners for rail
traffic. The increased work load brought about by the new Order, combined
with an ever increasing volume of radioactive shipments, led the Treasury
Board to allow one additional assistant scientific adviser to be appointed to the
Board staff in 1964 as transportation officer. This was the first staff
appointment not connected with the reactor program.
A year prior to the publication of the Shipping Containers Order, and in
response to the 1961 Regulations published by the IAEA, a Technical
Committee on Uniform Regulations for the Transportation of Radioactive
Materials was set up on January 8, 1962 by the Minister of Transport with a
view to framing uniform and comprehensive Canadian Regulations. A draft
report published by the Committee was discussed by the Board in 1963 but it
was considered that constitutional problems with the provinces could arise
over the jurisdiction of road transport if the report were adopted. Further work
was required and a final report to the Minister of Transport which was
acceptable to the Board was not issued until November 1, 1966. The
Committee recommended that the IAEA Regulations should be adopted as a
basis for Canadian Regulations for all modes of transport, but that road
transport be regulated intraprovincially by the provinces and interprovincially
by a federal agency. All applications for packaging design and shipment
approvals would be considered by the AECB which would then make
recommendations to the transport regulatory authorities concerned. The target
date for changeover to the IAEA based Regulations was to be .January 1,
1969.
The organization in Canada most affected by the new Regulations was
the Commercial Products Division of AECL which had about 20 different
types of shipping containers in regular service. All these containers had to be
assessed, modified if necessary and then tested for compliance with the
Regulations. The results then had to be forwarded to the Board, and, if
approved, a container licence would be issued. Commercial Products had had
a representative on the Technical Committee so they were in a good position
to know what was required, and their initial submission concerning some of
their containers was provided to the Boar-1 in September 1967, less than a year
after the Technical Committee had reported. This submission was judged by
the Board staff to be inadequate and more information was requested. A
meeting was held between Commercial Products management and Board staff
in January 1968 at which the qualification requirements for containers were
outlined. At this meeting it was pointed out again that the deadline for the
licences was December 31, 1968 and, to allow time for consideration by the
Board staff, submissions should be completed by September 1968.
By the time of the deadline some containers had been licensed but others
had not, particularly those concerned with the carriage of large quantities of
cobalt-60. At a meeting on December 31, 1968 Commercial Products pleaded
for an extension on the grounds that they would lose revenue if shipments
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could not be made, but the Board was adamant. As a result, disruption
occurred in Commercial Products' operations for the first few months of 1969
until all their containers were properly licenced. With the perspective of time,
this incident may appear fairly trivial, but it was an important issue at the time
for two reasons. It was the first occasion that the Board had refused a licence
to a reputable organization on its own initiative. Until this time most of the
licensing activities of the Board had been undertaken on receipt of advice
from sources outside the Board. In the case of container licensing the Board
staff made the decision and incidentally imposed the threat of a significant
economic penalty on the applicant by refusing to accept substandard licensing
documentation. It was also the first time that the Board had licensed an
operation of AECL. It was noted earlier that when the AECB issued its
Nuclear Reactors Order in 1957, the reactors operated by AECL at Chalk
River had been carefully excluded. No other attempt had been made to license
a facility or operation belonging to AECL until the Board began licensing the
shipping containers used by Commercial Products. It was apparent during the
licensing process that Commercial Products was taken aback by the firm
attitude adopted by the Board and an initial disbelief that the Board was
serious accounted for the dilatory way they responded to the Board's requests.
At the same time it must be recognized that the Division received no support
in their attitude from their parent AECL. No pressure on the Board to be
lenient was forthcoming either from AECL Head Office or from AECL
President J. Lome Gray in his position as member of the Board.
This shipping container licensing incident which occurred in the late
1960s was the first convincing example that the Board staff, on its own
initiative, was beginning to exercise the Board's regulatory authority.
In the mid-1970s the Board began a recertification program for Commercial Products' containers. The IAEA Transportation Regulations had been
revised in 1973 but recertification was undertaken not as a result of this
revision, but rather because of a growing AECB attitude toward a more
detailed technical review and a more rigorous enforcement which had been
developing since the late 1960s. Deficiencies were found in the design and
construction of some of the containers and the program of upgrading is still
underway (July 1980). During this program it has been found that the attitude
of Commercial Products towards the licensing process has changed since the
late 1960s and there is now less confrontation and more cooperation between
the regulator and the licensee.
Although there have been some problems with the transportation of
radioisotopes in bulk in large containers, the majority of radioactive shipments are made in much smaller quantities in simpler containers. Several
hundred thousand of all types of shipments are made every year and the
overall record is excellent. In 1979-80 only thirteen incidents were reported
involving containers which went astray, were damaged in transit or were
improperly packaged. None of these incidents led to persons receiving a dose
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of ionizing radiation in excess of the statutory limits. The recent consolidation
of the separate regulations for transportation by road, rail, sea and air under
the Transportation of Dangerous Goods Act should assist the Board's efforts
to maintain this record by simplifying the compliance procedures for the
transportation of radioactive materials.
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CHAPTER 10

AECB and Nuclear Proliferation
Introduction
The two major reasons for the introduction of the 1946 Atomic Energy
Control Act were to provide for the control and supervision of the domestic
development of atomic energy and to enable Canada to participate effectively
in measures of international control of atomic energy. So far, this history has
mainly examined the activities of the Atomic Energy Control Board in the
domestic arena and it is now necessary to turn to the role of the AECB in
international affairs. This role has been largely concerned with a contribution
to Canadian efforts to prevent the proliferation of nuclear weapons and has
involved Canada in an increasing number of international agreements and
treaties designed to safeguard Canadian materials, equipment and technology
from overt or covert use in the production of nuclear weapons.
At the end of the Second World War all the countries of the world were
appalled at the destruction visited upon Japan and expressed a desire to
prevent further use of nuclear weapons. This resulted in the creation by the
United Nations of an Atomic Energy Commission charged with finding a way
to accomplish this goal. The failure of the Commission has been described in
Chapter 3 and one of the consequences of this failure was that three additional
countries (UK, USSR and France) would soon join with the United States in
producing atomic weapons to protect what they conceived to be their national
interests.
As a member of the Allied group responsible for the wartime development of atomic weapons, Canada was in possession of much of the
information required to develop its own nuclear weapons capability, but alone
among the three Allied nations Canada decided to repudiate the bomb.
The Canadian Government's position was stated clearly just a few
months after the end of the Second World War when, in December, 1945, in
response to a question in the House of Commons, C D . Howe stated, "we
have not manufactured atomic bombs, we have no intention of manufacturing
atomic b o m b s . . . " (1). This decision has been maintained by successive
Canadian Governments ever since.
It was the Government's hope that other countries would follow
Canada's lead in renouncing nuclear weapons but the realities of the situation
were acknowledged by Prime Minister MacKenzie King, also in December,
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1945, when he stated, "the truth is that no system of safeguards that can be
devised will, of itself, provide an effective guarantee against production of
nuclear weapons by a nation bent on aggression.'' (2) Subsequent events have
demonstrated the truth of MacKenzie King's statement. It has been found that
the only effective barrier against the spread of nuclear weapons has been a
government's decision not to acquire them.
The international control of atomic energy has provided the United
Nations with one of its most immediate and yet one of its most intractable
problems. Although all nations have agreed that nuclear proliferation must be
arrested, and then reversed, it has proved difficult to obtain agreement on how
this should be done.
Two facets of nuclear proliferation have engaged the attention of the
United Nations. One has been termed "vertical proliferation", the increase in
the number of nuclear devices within the nuclear weapon countries. This
problem has been considered by the UN Disarmament Commission and as a
result of the Limited Test Ban Treaty and the Strategic Arms Limitation
Treaties some modest successes have been achieved. Vertical proliferation
will not be considered in this chapter since it has little relevance to the AECB
in view of Canada's non-nuclear weapon status.
The more important facet from the Canadian viewpoint is 'horizontal
proliferation' by which is meant the spread of nuclear weapons to other
countries and, a more recent concern, to non-national groups. The success of
the international community in preventing horizontal proliferation is arguable.
The Nuclear Weapons Club has expanded from one to six members since the
UN was formed but, on the other hand, international agreements are now in
place which might act as a restraint on a number of countries which would
wish to become future club members, by exposing the fact that they want to
keep a nuclear weapons option open.
Although Canada wanted to halt horizontal proliferation it has also tried
to spread the knowledge of atomic energy so it could be used for peaceful
purposes. These two goals are somewhat conflicting since the acquisition of
nuclear technology for peaceful purposes inevitably provides a recipient
nation with some of the basic information, and much of the equipment and
material needed to produce nuclear weapons. This internal inconsistency has
sometimes given Canadian policy a somewhat schizophrenic air as will be
seen later in this chapter, particularly when the issue of the CIRUS reactor is
discussed.
Canadian attempts to prevent the horizontal proliferation of nuclear
weapons will be divided into three activity areas, secrecy, security and
safeguards. Secrecy questions will be related to the dissemination of information concerning Canada's atomic program and of information acquired from
the USA and the UK concerning those countries'1 programs. Security will be
related to the inviolability of atomic plants and the prevention of theft of
nuclear materials such as uranium and plutonium. Both these areas have
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engaged the AECB to a lesser extent and will receive briefer treatments than
the third area of concern, safeguards. Nuclear safeguards, which are considered a major barrier against horizontal nuclear proliferation, have involved
the Canadian Government, and the AECB as one of its principle advisers in
this matter, in international attempts to ensure that nuclear reactors and their
uranium fuel are only used for peaceful purposes. Plutonium is an inevitable
by-product of the operation of a uranium fuelled reactor and the Canadian
Government has tried to ensure that the plutonium produced in reactors
provided by Canada was not diverted to weapons manufacture regardless of
whether the uranium fuel originated from Canada or from another country. In
addition, the Government has tried to ensure that Canadian uranium, even if it
was not used in a Canadian reactor, has also not been used in weapons
manufacture. A description of these twin problems of Canadian safeguards
efforts will provide the larger part of this chapter.
SECRECY
The first attempts by the Canadian Government to prevent the proliferation of nuclear weapons revolved around the secrecy of information.
Although Canada had eschewed nuclear weapons it had been privy to some of
the information generated by the USA weapons program. In addition, it had
received information concerning the smaller nuclear weapons program being
conducted by the UK. At the end of the war there were under construction in
Canada a nuclear reactor designed to produce weapons-grade plutonium for
the USA and two small plants to separate plutonium from irradiated uranium
and uranium-233 from irradiated thorium (3). The passage of the Atomic
Energy Control Act gave the Board powers, subject to the approval of the
Governor-in-Council, to make regulations:
. . . .for the purpose of keeping secret information respecting the production, use and application of, and research and investigations with respect to,
atomic energy, as in the opinion of the Board, the public interest may
require. (4)

The Regulations, issued as a result of the Act, prohibited the disclosure
of any "document, drawing, photograph, plan or model" which "discloses,
describes, represents or illustrates" any information concerning a long list of
atomic energy activities including uranium and deuterium production, equipment and processes for atomic reactors, the physical properties of fissionable
substances and military applications of atomic weapons.
Despite these restrictions it was realized that much of the nuclear
information held by the three Western powers should be declassified in order
to assist programs for the development of peaceful uses of atomic energy in
other countries. Canada could not act alone in this respect but fortunately
there was a mechanism at hand by which the three Western powers could
coordinate the release of their atomic energy information. During the war, as
a result of the Quebec Agreement between Churchill and Roosevelt, a
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Combined Policy Committee had been set up to coordinate the nuclear efforts
of the UK, the USA and Canada. Although the Quebec Agreement expired
with the cessation of hostilities, the Combined Policy Committee continued to
operate. It was recognized by the Committee that without a common
declassification policy among the three nations, one nation might declassify
information that another thought should still be classified. In order to forestall
this eventuality the USAEC hosted the first Declassification Conference
involving the USA, the UK and Canada in Washington on November 14-16,
1947 (5). The objective of the meeting was to draft a joint declassification
guide which would uniformly control the release of information by each of the
three countries. The first "Declassification Guide for General Application",
was implemented simultaneously by the three countries on March 15, 1948.
This guide itself was classified but later an "Unclassified Guide for the
Security Classification of Atomic Energy Project Information'' was approved
by the Atomic Energy Control Board for general use. At subsequent tri-partite
conferences, the joint Declassification Guide was updated and revised. At
each meeting the broad field of atomic energy was examined and consideration was given to a number of issues before a revision of the classification
policy was adopted. Included in these were: the published state of the art; the
effect that the information might have in assisting other countries to develop a
nuclear weapons capability; the extent to which classification would interfere
with progress in the fields under consideration; and the extent of the effort
required in developing the information. Nine conferences were held from
1947 through 1958 but since then only one further conference has taken place,
in 1974. The Canadian technical representative to most of these conferences
was AECB President, Dr. C.J. Mackenzie. At the last conference Mr. R.W.
Blackburn, Secretary of the AECB, was the Canadian delegate.
The amount of material declassified increased with each meeting,
particularly at the Seventh International Declassification Conference held in
October, 1954, when much information relating to raw material production,
reactor design and construction, health precautions and medical and biological research was declassified in time for publication at the First Conference on
the Peaceful Uses of Atomic Energy held at Geneva in 1955 (6).
After the Geneva conference, the security of information became a much
smaller concern to the Board. Some information and patents had to be kept
restricted but "Release of Information" ceased to be a topic mentioned in the
Board's Annual Reports. By the mid-1950s there were other and more
pressing problems engaging the Board's attention.
There is very little secret work being done in Canada at the present.
Certain processes for the separation of fissile isotopes which are being worked
on by AECL and some universities are still secret but the topic of secrecy of
information is no longer one of the Board's prime concerns.
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SECURITY
Security is concerned with the protection within a country of its nuclear
plants and nuclear materials. In the period after the Second World War
security was closely related to secrecy since theft of information could be an
objective of persons wishing to breach security precautions.
The Atomic Energy Regulations of 1947 gave the Board powers to
designate "protected places" which could not be entered without permission
(7). These places could be establishments where research was being carried
out, such as Chalk River, or places dealing in prescribed substances such as
the Port Hope refinery. Unauthorized persons entering a protected place could
be detained or removed by any person authorized in that capacity by the Board
or the occupier of the premises.
At first there was considerable security consciousness concerning Canadian atomic energy establishments as the following two incidents will
illustrate. In early 1947 a picture of part of the Chalk River plant appeared in
the London, England newspaper, the Daily Express, and this caused considerable concern in Canada (8). The matter was discussed by the Board and the
Board's Secretary was instructed to protest to the National Film Board against
its laxity in handling the photograph and to arrange for satisfactory security
arrangements in the future. During the same year, 1947, the Chalk River
project was made a protected place in accordance with the Atomic Energy
Control Regulations and a few months later the Board formally agreed that
Dr. Mackenzie should obtain clearance for the Canadian Chiefs of Staff to
visit the site.
This type of security awareness continued for about 10 years but as
secrecy diminished with the release of information so did the stringency of
security measures at protected places. Visitors became a more accepted fact of
life and although passes were required for entry they were provided routinely
to visitors without investigation.
During the late 1960s, with the rapid increase in the use of nuclear
energy for power production, the amount of weapons material potentially
available from power reactors began to increase rapidly. The IAEA responded
to this situation by convening a panel of experts in 1972 to make recommendations for the physical protection of nuclear materials, particularly those
produced in power reactors. Their report, which was published by the Agency
in the same year (9), was duly noted by the member countries but it did not
create much public interest. This had to wait until the publication two years
later of a book entitled "Nuclear Theft: Risks and Safeguards" (10). The
authors of this book pointed out that within the USA there were now available
considerable quantities of weapons material from uranium enrichment plants
and from uranium reprocessing plants, and that by the end of the century
many hundreds of tons of weapons grade uranium-235 and plutonium would
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be circulating in the USA. Since only a few kilograms of either material were
necessary to make an atomic bomb the possibilities of theft or diversion of
sufficient material to manufacture a crude home-made atomic weapon were
considerable.
The security arrangements for fissile material, particularly when it was in
transit, were not very effective and the authors argued that the possibility of
theft by individuals or organized groups should be taken more seriously.
Coming at a time when many countries, including some of the industrialized
countries in Europe, were suffering from terrorist activities perpetrated by
radical groups, and when the highjacking of aircraft by similar groups or by
discontented individuals was an almost daily occurrence, the danger of
nuclear theft took on an ominous aspect. One result of the debate engendered
by the book was an increase in the security measures for special nuclear
material in the USA, and a similar awakening of awareness elsewhere.
The IAEA meanwhile was assisting its member nations by recommending methods of improved security over nuclear material. The recommendations made in 1972 were revised and republished in 1975 by a group of
experts in cooperation with the IAEA Secretariat (11), and revised again in
1977(12).
The AECB had been following these developments with interest and in
1974 the Board hired its first full time Security Adviser to examine the
security arrangements surrounding Canada's nuclear program. This country
did not have the same problems as the USA because Canada had no
enrichment plants for uranium and the only fuel reprocessing that had been
carried out was in the small pilot plant at Chalk River which had ceased
operations many years earlier. Nonetheless, security protection of all nuclear
facilities in Canada was examined and in most cases upgraded.
In early 1980 the Board published for public comment some proposed
revisions to the Atomic Energy Control Regulations which provided in greater
detail the physical security requirements for nuclear reactors and other
facilities in which strategic fissile nuclear materials were used, processed and
stored. The proposed Regulations provided for the definition and protection of
security areas and the requirements for allowing entry to and exit from such
areas, physical barriers and security devices, and guard services. They also
provided for security control rooms, arrangements with police forces,
verification of security systems and procedures, and security reports. The
existing provisions in the Regulations concerning the protection of strategic
information and for the designation of protected places were incorporated in
the proposed amendments, with minor modifications. After comments have
been received the draft Regulations will be finalized and submitted to the
Governor-in-Council for approval and promulgation. The Board will then
arrange for the new Regulations to be implemented.
The AECB's provisions for security, unlike those for secrecy, have been
increasing in recent years, but they are still minimal compared with those
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countries which possess enrichment and reprocessing facilities. The security
arrangements in force in Canada are mainly designed to foil the theft of
strategic nuclear materials from the few facilities that have them. For other
facilities, arrangements are more akin to the prudent precautions taken to
protect industrial property rather than the harbinger of a police state as some
special interest groups have claimed.

SAFEGUARDS
Evolution of International Safeguards
It was noted in Chapter 3 that the first resolution passed by the newly
formed United Nations General Assembly recommended the creation of a
United Nations Atomic Energy Commission (UNAEC) which was directed by
the General Assembly to prepare specific proposals for extending the
knowledge of atomic energy while at the same time controlling its use for
peaceful purposes by means of safeguard techniques such as inspection. The
conflicting nature of these two tasks has already been mentioned. A second
difficulty facing the Commission was to determine how international controls
of national activities could be enforced without infringing national
sovereignty.
The Baruch plan which the US proposed to the UNAEC, and which was
eventually approved by a majority of that body, proposed a frontal attack on
these problems. All national atomic energy activities were to be placed under
the control of the United Nations, and in order for the Security Council to be
able to take effective action against violations and evasions of UN directives,
the veto provision of the great powers in the Security Council would, in these
instances, be abolished. The Russian delegation opposed this approach as
being an unwarranted infringement of its national sovereignty, and the
language of its objection presaged the beginning of the "cold war":
The Soviet Union does not intend to make the fate of its national economy
dependent on the US financiers, industrialists and their underlings who seek
to bind other countries and in particular the Soviet Union hand and
foot. (13)

The opposing views of the USA and the USSR continued through the
years of the "cold war" but meanwhile events were accumulating which
would eventually help bring the two opposing camps together. In 1949 Russia
exploded its first fission bomb to draw level with the US in the nuclear
weapons technology race. In 1952 the US drew ahead again when it exploded
its first fusion bomb, but the next year Russia again closed the gap with its
own fusion explosion. Meanwhile, the UK had become a nuclear weapons
power in 1952 and it was known that France was likely to follow suit. Nuclear
proliferation was underway and a new approach was needed to control the
'' horizontal'' spread of nuclear weapons.
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On December 8, 1953, four months after the USSR had exploded its
fusion bomb, President Eisenhower delivered to the UN General Assembly
his "Atoms For Peace" address. In it Eisenhower acknowledged the nuclear
impasse and proposed an international program to develop peaceful uses for
atomic energy and for the reduction in nuclear armaments. A year after
Eisenhower's address the UN General Assembly unanimously adopted a
resolution calling for the establishment of an International Atomic Energy
Agency (IAEA) and after two years of negotiations the statute of the IAEA
was unanimously approved and signed in October 1956. The statute came into
force on July 2, 1957.
The objectives of the IAEA are set out in Article II of the statute as
follows:
. . . .the Agency shall seek to accelerate and enlarge the contribution of
Atomic Energy to peace, health and prosperity throughout the world. It
shall ensure, as far as it is able, that assistance provided by it or at its
request or under its supervision or control is not used in such a way as to
further any military purpose. (14)
The most important provision in the statute as far as safeguards is
concerned is Article III A.5 by which the Agency is authorized:
. . . .to establish and administer safeguards designed to ensure that special
fissionable and other materials, devices, equipment, facilities and information made available by the Agency or at its request or under its supervision
or control are not used in such a way as to further any military purpose; and
to apply safeguards, at the request of the parties, to any bilateral or
multilateral arrangement, or at the request of a state, to any of that state's
activities in the field of atomic energy. (15).
Under this article the IAEA began administering safeguards on materials
provided by or through the Agency and also for any national nuclear activities
for which safeguards had been requested on a voluntary basis by its member
states. A staff of inspectors was set up under Article XII B of the statute and
by 1968 the Agency was administering safeguards agreements with approximately 28 states.
During the late 1950s and early 1960s it appeared that the production of
weapons grade material from civilian nuclear programs involving primarily
research reactors would remain quite small in relation to the amount of
military material contained in the nuclear weapons stockpiles of the nucleararmed countries. Then in the mid-1960s the use of nuclear energy for power
production increasingly appeared to be economical and a worldwide demand
for nuclear power began to grow. The production of irradiated reactor fuel
from which weapons-useable plutonium could be extracted was now considerable and the unlimited proliferation of nuclear weapons to hitherto nonnuclear countries became a major concern. These fears were underlined by
two new members joining the nuclear weapons club, France in 1960 and the
Peoples' Republic of China in 1964.
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The situation was considered so grave that the two leading nuclear
powers, the USA and the USSR, put aside part of their cold war hostility and
collaborated to produce identical drafts of a Non-Proliferation Treaty (NPT)
which they presented to the Eighteen Nation Committee on Disarmament on
January 18, 1968. These drafts were discussed in the United Nations and the
General Assembly adopted a resolution commending the Treaty on June 12,
1968. The Treaty was open for signature on July 1, 1968 and by 1970, 40
countries (including the USA, the UK, the USSR and Canada) had ratified the
Treaty and it entered into force on March 5, 1970. The major objection to the
Treaty in the UN discussions was a discriminatory provision that only states
without nuclear weapons would be required to submit all their peaceful
nuclear facilities to IAEA inspection, while the nuclear facilities of states
already in possession of nuclear weapons remained free of international
safeguards. To meet this objection the USA promised to put all its peaceful
facilities under IAEA safeguards when the Treaty was put into force and the
UK offered to do the same. The USSR made no such promise.
In Article I of the NPT, the nuclear weapons states (NWS) party to the
Treaty undertake not to transfer to any recipient nation nuclear weapons or
other nuclear explosive devices, and not to assist or encourage non-weapon
states to manufacture nuclear weapons. In Article II the non-nuclear weapon
states (NNWS) similarly promise not to receive nuclear weapons or other
nuclear explosive devices, noi to manufacture them and not to seek or receive
assistance in their manufacture. Article III. 1.1 commits NNWS to accept
safeguards on all nuclear materials in all peaceful nuclear activities carried out
within the state and Artic'e IV.2 recognizes the right of NNWS to participate
in the fullest possible exchange of equipment, materials and scientific and
technological information for the peaceful uses of nuclear energy. Article XI
allows a party to the Treaty to withdraw from it by giving three months notice
if it decides that extraordinary events have jeopardized its supreme interests.
The principles embodied in the NPT have been widely but not completely adopted by the international community. By the end of 1978, three
nuclear weapon states and 103 non-nuclear weapon states had become parties
to the Treaty, including 31 non-nuclear weapon states with significant nuclear
activities. However, 10 non-nuclear weapon states which had substantial
nuclear activities were not parties to the NPT. These were Argentina, Brazil,
Chile, the Republic of Korea, India, Israel, Pakistan, South Africa, Spain and
Turkey. Of these, four countries, India, Israel, South Africa and Spain have
unsafeguarded nuclear facilities in operation.
With the entry into force of the NPT in 1970 the work originally begun
by the UN Atomic Energy Commission in 1946 was partially completed. The
twin concepts of increasing the utilization of nuclear energy for peaceful
purposes while at the same time preventing the proliferation of nuclear
weapons to other countries were now accomplished by treaty, but it was a
Baruch plan without teeth. Any nation can withdraw from the NPT on three
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months notice and, as is the case with all international agreements, the only
enforcement power that the international community can muster against a
violator of the NPT is the fragile power of public opinion backed by the
uncertain and unspecified imposition of sanctions.
The world must continue to live with the reality of Mackenzie King's
statement of 1945 quoted earlier that, " . . . no system of safeguards that can
be devised will, of itself, provide an effective guarantee against the production of nuclear weapons by a nation bent on aggression''.
Evolution of Canadian Safeguards
The Canadian Government's policies on safeguards have passed through
a lengthy period of evolution with a major change occurring after 1974. In this
section the policies will be considered in two time frames, 1945-1974 and
1974-present. These two periods will be separated in this section by a
description of the event which made 1974 such a significant year in the
development of Canada's safeguards policy, the explosion by India of what it
called a "peaceful nuclear device" in May 1974.
1945-1974
The major thrust of Canada's safeguards policy in the early years of this
period was to ensure that its exports of uranium to those non-nuclear weapon
states which wished to develop nuclear programs were not used for producing
nuclear weapons.
During the 1940s and much of the 1950s Canada had a ready-made
market for its uranium in supplying the needs of the USA and to a lesser
extent of the UK (16) for raw materials for their weapons programs, but by
early 1957 it was becoming apparent that the uranium contracts with the USA
might not be extended indefinitely into the future and the Government thought
it advisable to take steps to widen the market for Canadian uranium sales. The
provision of uranium to other countries would be consistent with a general
desire on the part of Canada to spread the use of nuclear technology for
peaceful purposes, but since the Government was aware of the perils of
proliferation it would be necessary to ensure that this Canadian uranium was
not used for weapons production. The statute of the IAEA had been approved
and signed in October 1956 and was due to come into force in July 1957, but
it was apparent that this embryonic organization would be unable to provide
an effective safeguards service for its member nations for several years to
come. The Canadian Government decided not to wait for international
safeguards arrangements to be put into effect by the IAEA and it announced
on February 18, 1957, that it would be prepared to negotiate bilateral
agreements with countries wishing to acquire Canadian nuclear equipment
and materials (17).
The next few months were spent preparing the draft of an agreement
which Canada would be prepared to sign with other friendly countries wishing
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to acquire Canadian nuclear equipment and materials. The draft was approved
by Cabinet on August 15, 1957. It contained safeguards clauses which
permitted inspection by Canadian representatives to verify that Canadian
equipment and materials were being used solely for peaceful purposes. The
draft agreement was at first held secret and only offered to certain friendly
countries who had already expressed some interest in buying Canadian
uranium. The first country to sign the agreement was West Germany in
December 1957, and in the next ten years several other countries followed suit
(18).
In early 1958, the US Government announced that it would allow the
export of up to one ton of uranium oxide without any bilateral agreements on
safeguards. This lead was promptly followed by the Canadian Government on
May 7, 1958 when it announced that sales by individual Canadian uranium
companies of up to 250 lbs. of uranium oxide for use in testing and research
would be allowed with not more than 2,500 lbs. going to any one country.
Larger quantities than this would still require a bilateral agreement between
Canada and the recipient country.
It should be noted that up to this point Eldorado Mining and Refining
Limited had been the sole buyer and seller on behalf of the Government of all
uranium produced in Canada. As a result of the potential surpluses being
developed by the privately owned uranium companies, the Government
would now allow them to make their own arrangements for the sale of
uranium provided that Eldorado was satisfied the amount would not jeopardise current contracts, and subject to the condition that export permits be
obtained from the AECB and the Department of Trade and Commerce.
Canadian nuclear exports policy at this time had the schizophrenic air
mentioned earlier. Exports of uranium for the overt production of nuclear
weapons were being permitted to the two friendly countries which already
possessed nuclear weapons, the USA and the UK, whereas sales to friendly
countries without nuclear weapons were only allowed under a safeguards
regime. Prior to the February 1957 announcement France, which at that time
had not yet exploded its first nuclear device, had made overtures to Canada to
purchase uranium. These approaches were terminated by the French Government after the Canadian Government's announcement that uranium sales
would require bilateral safeguards agreements.
France exploded its first atomic weapon in 1960 and, as noted in Chapter
7, in 1964 it approached the Denison Mining Company to purchase a large
quantity of uranium partly for its nuclear power program but also possibly for
use in its nuclear weapons program. Since France was now a nuclear weapon
state it could claim similar treatment from Canada as the other two friendly
nuclear weapon states, the USA and the UK, and expect to receive
unsafeguarded uranium. As noted before, the commercial and the moral
aspects of the proposed French deal with Denison were both objectionable to
the Canadian Government and these aspects, in part, contributed to the
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announcement of a new Government policy on uranium exports in June 1965.
Part of the Government's statement said:
. . . .as one part of its policy to promote the use of Canadian uranium for
peaceful purposes, the government has decided that export permits will be
granted, or commitments to issue export permits will be given, with respect
to sales covered by contracts entered intofrom now on, only if the uranium
is to be used for peaceful purposes. Before such sales to any destination are
authorized the government will require an agreement with the government
of the importing country to ensure, with appropriate verification and
control, that the uranium is to be used for peaceful purposes only. (19) (my
emphasis)

The statement also referred to Canada's membership in the International
Atomic Energy Agency and reiterated its "vigorous support" of the principle
of safeguards on uranium sales.
The dichotomy which had previously existed in the Government's policy
was now resolved. Not only were non-nuclear weapon states to be denied
Canadian uranium without safeguards but the friendly nuclear weapon states
would also require bilateral safeguards agreements with Canada. At the time
the statement was made, Canadian deliveries to the US weapons stockpile
under stretched-out agreements negotiated in 1959 were due to be completed
in 1966, and that country had developed its own considerable uranium
resources and was already becoming a significant uranium exporter. However, uranium shipments continued to the UK, but now new contracts would
be under a bilateral safeguards agreement and the utilization of these further
shipments of Canadian uranium in the UK would be subject to inspection by
Canadian representatives. All other uranium sales would be under bilateral
agreements between Canada and the importing country or, in one case, a
trilateral agreement with the IAEA as the third member (20).
After the passage of the Non-Proliferation Treaty in 1968, Canada
increasingly relied on the effectiveness of that Treaty to ensure that its
signatories would use Canadian uranium and other nuclear supplies for
peaceful purposes, and during the next decade the IAEA took over the role of
inspection and verification that Canada had assumed under its bilateral
agreements. Today there is very little direct safeguards inspection of
Canadian materials and facilities abroad being carried out by AECB inspectors.
Uranium was not the only object of safeguards agreements between the
Canadian Government and other states. Nuclear equipment was also provided
under safeguards. An agreement was made under the Colombo Plan to
provide an NRX-type reactor to India in 1956 and two further agreements
were made with that country concerning the provision of nuclear power
reactors of the Douglas Point type. The first of these, signed in December
1963, related to a reactor for the Rajasthan Atomic Power Station (RAPP-I)

188

f
'

and under the safeguards section of this agreement India committed itself to
use the fissionable material from this reactor only for peaceful purposes and
agreed that Canadian technical representatives might verify this undertaking
(21). The sale of a second reactor (RAPP-II) three years later led to a further
similar agreement in December of 1966 (22).
In December 1971 the bilateral Canada-India agreements concerning
RAPP-I and RAPP-II were renegotiated to trilateral Canada-India-IAEA
agreements under which responsibility for the verification of safeguards on
the two reactors was assumed by the IAEA.
Shortly after the conclusion of the first power reactor sale to India,
negotiations began between the Government of Pakistan and Canadian
General Electric for the sale of a 132 megawatt reactor of Canadian design to
be located near Karachi (23). A bilateral agreement safeguarding this reactor
was signed in December of 1965 and then superseded in 1969 by a trilateral
agreement between Canada-Pakistan-IAEA, with the IAEA again taking over
responsibility for the verification of safeguards. This reactor commenced
commercial operation in 1972.
In 1969 Canada sold to Taiwan a 40 megawatt NRX-type nuclear
research reactor. The sale was conditional on Taiwan concluding a safeguards
agreement with the IAEA and although Canada has since broken off
diplomatic relations with Taiwan, and Taiwan has been expelled from the
IAEA, this reactor still remains under IAEA safeguards.
Up to May 1974 the Canadian Government had been very active in
promoting the transfer of nuclear equipment and materials to other countries
and it had been at all stages deeply concerned that appropriate safeguards
measures should be taken to ensure that its nuclear exports should only be
used for peaceful purposes. The explosion by India of its "peaceful" nuclear
device left the Canadian Government embarrassed and the Canadian public
indignant. Although Canada had been in the forefront during the development
of most international safeguards initiatives since the Second World War, this
new and unwelcome member of the nuclear weapons club had gained
admittance using a nuclear facility provided by Canada in good faith. It was
evident that more explicit and comprehensive non-proliferation commitments
were required and during the remainder of 1974 the nature of these additional
provisions were the subject of vigorous debate within the Canadian Government.
Before describing the additional safeguards measures Canada would
adopt as a result of this debate it will be useful to describe the events leading
up to the "peaceful" nuclear explosion conducted by India. They will
illustrate once again the truth of Mackenzie King's statement of 1945 that the
only effective deterrent against the acquisition of nuclear weapons is a
nation's will not to acquire them, and that expressions or good faith are as
temporary as the individuals and governments that make them.
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The CIRUS Reactor
The :~sue of the CIRUS reactor (24) was a crucial one in the development of Canada's safeguards program because it represented a loss of
innocence on the part of the Canadian Government in its handling of
international safeguards regimes.
In the mid-1950s the Prime Minister of India was Jawaharlal Nehru, a
respected stateman on the world scene who, after India gained its independence, had assumed the cloak of Ghandi and the non-violent image that went
with it. Nehru had no intention of manufacturing nuclear weapons (25) and
his statements to that effect were completely credible in Western countries.
The head of the Indian Atomic Energy Agency at that time was Dr. H.J.
Bhabha and his major interest was to create a flourishing atomic energy
program in India which would be self-sufficient to the maximum extent.
The Indian Government was convinced that the road to national
prosperity depended on industrialization of the Indian economy and to achieve
this objective large sources of energy would be required. India had considerable reserves of unexploited hydro power and coal, but they were both in areas
of the country remote from some of the major industrializing centers. The
promise of nuclear power which could be sited anywhere looked very
attractive. India could provide its own fuel for nuclear reactors. Its reserves of
uranium were modest, but there existed extremely large deposits of thorium in
its Monazite sands and these, if they could be utilized in a thorium/U-233
cycle, would eventually make an Indian nuclear power program self-sufficient. Meanwhile a nuclear program, once started, would have to make
maximum use of its indigenous uranium resources and this would involve
recycling the plutonium produced in uranium reactors (26).
The Canadian Government was sympathetic to India's needs and
aspirations, and it was against this background that, in early 1955, it was
recommended to the Government that, as part of Canada's assistance to India
under the Colombo Plan, an NRX-type reactor should be offered to that
country together with training facilities in Canada for Indian reactor
operators. The Cabinet accepted the proposal and on March 30, 1955, the
Canadian High Commissioner in India was instructed to make the offer to the
Indian Government. The cost of the reactor was estimated to be between $5
and 10 million spread over a construction period of 2 years (the cost was later
revised to $14 million), with half of it being paid for by the Canadian
Government.
Up to this point safeguards were not a consideration in the plans. It was
pointed out in a letter in support of the proposal from W.J. Bennett, the
President of AECL, to the Department of External Affairs that the design of
the NRX reactor was declassified, and consequently there should be no
security problem. Bennett had also suggested that Canada supply the uranium
metal fuel for the reactor since there was a strong possibility that Canada
would be in production at such time as India would have a requirement. No
mention was made of safeguarding the fuel.
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During the summer of 1955 a realization grew in Ottawa that the offer to
India could lead to problems with the prospective Agency being formed by the
United Nations. Since Eisenhower's "Atoms for Peace" declaration at the
end of 1953, negotiations had been proceeding at the UN for the formation of
an International Atomic Energy Agency and one of its major roles would be to
ensure that nuclear materials made available by one country to another for
peaceful purposes would not be diverted for the production of nuclear
weapons. All the great powers, including the Soviet Union, were concerned
about the possibility that smaller countries might come into possession of
atomic weapons and the use of the IAEA as a control mechanism was seen as
one of its most useful features.
At a Six-Nation meeting in Geneva in the summer of 1955, shortly after
the offer of an NRX reactor to India had been made, it was proposed that an
international nuclear regulatory system be instituted which would require
acceptance of strict control and accounting procedures for irradiated fuel
elements, with fuel processing being carried out by the agency itself or the
donor country. Until the nature of international controls had been decided, the
Canadian Government realized it would be unwise to establish a bilateral
agreement with India which might compromise some future basic concept of
IAEA control over fissionable materials. The High Commissioner to India
was accordingly instructed to seek an interim agreement whereby Canada
would lend the fuel for the reactor to India and in due course would extract the
plutonium and return it to India for its research program. When the
international Agency was functioning effectively, the interim agreement
would then be re-cast and made firm in accordance with the principles
established by the Agency.
The response of Bhabha to the Canadian request was to insist that no
nation or group of nations should have a privileged position with regard to the
IAEA and that the sovereignty of nations must be respected except insofar as
they are prepared to surrender it willingly. Bhabha pointed out that control of
natural uranium was not feasible since its occurrence was too widespread, and
since fissile material can be made from natural uranium it would be
impossible to devise a perfect security system. Although it would be possible
to produce atomic weapons clandestinely, they could not be tested without
detection and it was at this point that international police action could be
taken. In addition, Bhabha informed the Canadian High Commissioner tha<
India was about to set up its own fuel fabricating plant so India could provide
its own fuel elements for the reactor from its own uranium. This would make
it unnecessary for a Canada-India agreement to mention the provision of fuel.
In any event, the fuel would not be needed until the reactor was nearly
completed in two years time and by then the views of the new Agency would
be known.
The Canadian Government was disturbed by the unrealistic attitude of
India which expected that the Great Powers which already possessed nuclear
weapons should be treated the same as the countries not possessing them. It
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was also aware of the position it would be in if it proceeded to spend $7
million on the reactor without an agreement on the fuel.
In December, 1955, India announced an agreen ent with the UK for
cooperation and mutual assistance in promoting and developing peaceful uses
for atomic energy. As part of the agreement the UK would supply India with
enriched fuel for a "swimming pool" reactor under construction at Bombay
and design assistance for a high flux reactor to be built at a later date. At this
time there was an element of competitiveness between the major nuclear
powers such as the UK, USA, Canada and even Russia to supply nuclear
equipment and materials to India since nuclear exports would add prestige to
the domestic nuclear programs of these countries. For its part, India was in the
pleasurable position of being pursued by these countries and was also in a
position to make the best deals for itself that it could. It is impossible to say
how much of this competitive/prestige factor influenced the Canadian
Government's decision but shortly after the agreement with the UK was
signed the Canadian Government, despite its misgivings about the project,
went ahead with its plans to provide an NRX reactor to India and an
intergovernmental agreement between the two countries was signed on April
28,1956.
The two key safeguards clauses in the agreement were Articles III and
XI.
Article III:
The Government of India will ensure that the reactor and
any products resulting from its use will be employed for
peaceful purposes only.
Article XI:
It is the intention of both governments that the fuel
elements for the initial fuel charge and for the continuing
requirements of the reactor will be supplied from Canada
save to the extent that India provides them from sources
within India. Arrangements for the provision of the fuel
elements to India from Canada will be agreed upon by
the two governments before the reactor is ready to
operate; if an international agency acceptable to both
parties has come into being or is proposed at that time,
the terms of such agreement will be in keeping with the
principles of that agency.
The first article satisfied the Canadian Government's wish to ensure that
the nuclear equipment it provided to India would only be used for peaceful
purposes, and the second article established that any Canadian fuel used in the
reactor would be subject to future safeguards arrangements.
The Indian Government, however, wished to obtain maximum authority
over its fuel cycle and it proceeded with the highest priority to set up a plant
for the production of uranium metal from indigenous uranium ore in the hope
that the provision of Canadian fuel would not be necessary even for the initial
fuel charge.
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As the CIRUS reactor neared completion it became apparent that Indian
fuel would not be ready in time. In addition there were grave doubts
concerning its quality, and Canada insisted that for technical reasons the
initial charge in CIRUS must be Canadian-made fuel. A minimum of 100 rods
would be required for start-up and two alternatives were presented to India:
(1) outright sale of the rods to India by Canada, or (2) retention by Canada of
the ownership of the rods and a charge for their use which would include
interest on the investment plus the difference between the cost and the value
after irradiation. Under both options Canada would have the right of audit of
the material until the safeguards question was resolved. India agreed to accept
the first alternative and agreed to accept safeguards on the rods while they
were in storage or in the reactor, but not when they reached the separation
plant. Canada agreed to this since once the rods had reached the separation
plant an audit would find it impossible to distinguish between fissile material
derived from Canadian and Indian fuel.
The substance of this agreement was contained in an intergovernmental
exchange of letters between H.J. Bhabha and the Canadian High Commissioner on February 6, 1960. The letters contained the following points
(numbers in original):
(3) It is the intention of Canada and India that the fuel elements provided by
Canada and any plutonium produced therefrom shall be used for peaceful
purposes;
(4) The Indian Atomic Energy Commission will carry out a physical audit
once a year of the Canadian fuel elements;
(5) A joint Canada/India audit will be conducted at any time requested by
Canada;
(6) After reprocessing, only plutonium produced from Canadian fuel will be
subject to audit. The quantity will be settled by negotiation and arrived at
by calculation. The plutonium will be shown to the Canadian representative but it is recognized that it will be impossible to distinguish Canadian
and Indian plutonium after reprocessing.
The CIRUS reactor came into operation in 1960 and on April 12, 1962,
during the course of a visit to India, J. Lome Gray, the President of AECL,
took the opportunity to perform the first audit of the Canadian fuel. He
reported that the Indian officials and staff were most cooperative in assisting
him in carrying out the inspection procedures and he had no feeling
whatsoever that they were trying to withhold any information. At that point no
Canadian fuel had been reprocessed so all the rods were accountable. A
further inspection took place in August, 1965 by the President of the Board
who confirmed that sufficient plutonium to make a bomb had not been
recovered from the CIRUS fuel. At a later inspection in January 1969 the
Canadian representative (again J. Lome Gray) was shown an aluminum
container said to contain 250 grams of plutonium. Other containers were
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evident in the storage vau!t but information on them was not forthcoming
(27).
In 1964 the AECB received intelligence reports from India that the
burn-up of fuel in CIRUS was being limited to 450 to 600 MWD/tonne, a
figure much less than the 1500-2000 MWD/tonne typically being used in
NRX. The significance of the low figure is that the plutonium produced at
these levels is suitable for weapons, although it was also suitable for re-use as
enriched fuel in CIRUS. AECL technical staff had good relationships with
CIRUS staff at this time and they were asked to monitor the situation as far as
possible. In the same year an article appeared in the Indian journal
"Statesman" claiming that India could now make atomic weapons from the
10 kilograms per year of plutonium being produced from its nearly completed
reprocessing plant.
Despite this apparent capability to produce nuclear weapons, India went
out of its way to deny that it had any intention of doing so. At the
Disarmament Conference in Geneva in 1964, Mr. Nehru twice referred to the
Indian attitude towards nuclear weapons. On August 27, he stated:
Although we are making rapid progress in the field of nuclear science and
technology, the Government of India has taken a firm decision that in no
circumstances will our nuclear capabilities be used for non-peaceful
purposes. We have no intention of producing or acquiring nuclear weapons
irrespective of any action that any other country may take. We have always
opposed and we continue to be totally opposed to the use of nuclear
weapons.
A few days later, on September 1 at the same conference he repeated this
position:
We have taken a firm decision that our nuclear capabilities shall be used
only for peaceful purposes. We have always been opposed and continue to
be opposed to the manufacture, use or possession of nuclear weapons. We
consider that the use of nuclear weapons is a violation of the charter and is
contrary to the rule of international law.
These statements by Nehru were welcomed by the American delegate,
Mr. Foster Dulles, and were publicized widely throughout the world by the
US Information Agency in order to make it more difficult for India to retreat
from this stand later on.
They were followed by another clear statement of India's position by
Prime Minister Shastri on September 22, 1964:
I want to make it absolutely clear that India does not think in terms of
manufacturing nuclear weapons. All our activities are with a view to
helping in the development of nuclear energy for peaceful purposes.
The following month, October 1964, China exploded its first nuclear
device and immediately domestic pressures from opposition parties and the
press began to mount for India to develop its own nuclear weapons. One of
the advocates of Indian nuclear weapons was Dr. Bhabha and by November,
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1964, the Canadian High Commissioner's office in Delhi was already
speculating on the possibility that for political and prestige reasons India
might find it necersary to create an underground nuclear explosion for
peaceful purposes which would demonstrate competence in the nuclear field
and which India believed would not be a direct violation of the CIRUS
agreement or the partial test ban agreement.
On June 22, 1965, a plutonium extraction plant was formally inaugurated in India. The plant had been operating since the previous June 1, using
technology supplied to India by the USA and the UK. For the rest of the
decade the Canadian Government was uneasily aware that India was producing plutonium from its own uranium irradiated in a Canadian reactor under
conditions which were unsafeguarded. The quantities of plutonium produced
were not enough to make any significant contribution to a future power
reactor fuel cycle even if the Indian power reactor program expanded at the
highly unrealistic rate which was being projected (28). Much larger reprocessing facilities with a much higher throughput would be required before the
process could be considered anywhere near cost effective. A deteriorating
political climate between India and both China and Pakistan could however
prompt a nuclear adventure on the part of India. Although the warning signs
were ominous, official reaction from India was reassuring. In a February 16,
1970 memo from the Canadian High Commissioner in India to the Department of External Affairs, it was noted that Dr. Sethna, head of the Bhabha
Atomic Research Centre had stated:
. . . with every evidence of conviction, that there were of course no plans
for India to go nuclear in the weapons sense and he personally was
convinced that she never would.
The Canadian Government remained unconvinced and its doubts were
reinforced when in 1971, the President of AECL informed a Government
committee that India had produced in its own plutonium separation plant
sufficient plutonium to develop an explosive device if it so wished. On
October 1, 1971, Prime Minister Trudeau wrote to Prime Minister Ghandi
advising that "the use of Canadian supplied material, equipment and facilities
in India, that is at CIRUS, RAPP-I and RAPP-II, or fissile material from these
reactors, for development of a nuclear explosive device would inevitably call
on our part for a reassessment of our nuclear cooperation arrangements with
India . . . "
Prime Minister Indira Ghandi replied to Mr. Trudeau on October 12,
1971:
My government reiterates its commitment to the provisions contained in the
nuclear cooperation agreements between India and Canada to which your
government is also committed... The obligations undertaken by our two
governments are mutual and they cannot be unilaterally varied. In these
circumstances it should not be necessary now in our view to interpret these
arrangements in a particular way based on the development of a hypothetical contingency.
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This elliptical reply could not have reassured the Canadian Government
so it must have been with a feeling of inevitability that they heard the news on
May 18, 1974 that India had exploded a nuclear device underground for
'' peaceful purposes''.
The Canadian Government quickly decided to embargo all further
nuclear aid to India, while seeking to revise its nuclear export policy. An
attempt was made to reach an agreement with India which would apply
safeguards to the CIRUS reactor, but without success. In May 1976, the
Canadian Government announced there would be no further nuclear cooperation with India (29).
1974-present
The Indian nuclear explosion of May 1974 followed closely the OPEC
oil embargo at the end of 1973 which had provided a dramatic increase in the
price of that commodity, and this event caused several industrial countries to
re-examine their national policies for energy self-sufficiency. This resulted in
a considerably greater interest in the use of nuclear power to assist these
countries to obtain a degree of independence from oil supplies and this, in
turn, generated an increased demand for Canadian uranium to help fuel their
expanded nuclear programs. The Canadian Government again faced its
dilemma of 1965 of weighing the morality of a possible contribution to
nuclear proliferation against the commercial benefits to be obtained as a
nuclear exporter. Having just emerged from a period when uranium sales
were so difficult to obtain that an international marketing arrangement had
been instituted (see Chapter 7), the temptation to relax safeguards on uranium
sales would have been strong. On the other hand, the Indian nuclear explosion
had demonstrated the perils of inadequate safeguards arrangements and
relying too much on expressions of good faith by nuclear customers. The
stringent safeguards terms announced by the Government's policy statement
of December 20, 1974 left no doubt that safeguards were of paramount
concern to the Canadian Government (30).
The Canadian Government would allow nuclear exports only if it
obtained binding assurances from the importing country:
(1) that the Canadian-origin nuclear items would be used exclusively for
peaceful non-explosive purposes;
(2) that Canadian-origin items would be covered by international (i.e.,
IAEA or bilateral) safeguards for their lifetimes;
(3) that any nuclear material produced by, with, or through the use of
Canadian-supplied items would be subject to conditions (1) and (2);
(4) of Canada's right of prior consent over the retransfer beyond the
recipient's jurisdiction of any Canadian-origin items or of any nuclear
material used with or produced by these items;
(5) of Canada's right of prior consent over the reprocessing oi Canadianorigin nuclear material or of materials irradiated in a Canadian-origin
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facility as well as over the subsequent storage of any plutonium
produced;
(6) of Canada's right of prior consent over the enrichment beyond 20% and
the subsequent storage of Canadian-origin uranir.m;
(7) of Canada's right to apply fallback safeguards should IAEA safeguards
cease to be applied for any reason;
(8) that adequate physical protection measures would be applied.
The conditions established by the new Government policy were to be
applied to all contracts for nuclear exports including those already approved
by the Government, but shipments under existing contracts would be allowed
to go ahead for a period of one year pending the renegotiation of Canada's
nuclear cooperation agreements. This time interval was subsequently
extended for two periods of six months taking the renegotiation period up to
the end of 1976. The policy applied equally to nuclear weapons states and
non-nuclear weapons states.
During this period the Canadian nuclear export policy underwent further
evaluation and in December 1976 the Government announced additional
safeguards measures (31). In the future, new agreements on nuclear cooperation with non-nuclear weapons states would only be made with those which
had ratified the NPT and thereby accepted IAEA safeguards on all their
nuclear activities both current and future (this was known as full-scope
safeguards, FSS), or had made an equally binding commitment to non-proliferation and accepted NPT-type full-scope safeguards. In addition, the
Government made it clear that it would terminate nuclear cooperation with
any non-nuclear weapons states which exploded a nuclear device. The effect
of this policy for full-scope safeguards would bring a recipient country's
entire nuclear program under safeguards and not just those facilities and
materials supplied by Canada. It was a logical next step in the development of
Canada's non-proliferation regime and gave this country a much stricter
regime than any other country. It was also more stringent than the safeguards
requirements of the NPT. There would obviously be economic penalties due
to lost sales resulting from the policy, but the Canadian Government stated it
was prepared to accept the commercial consequences of its actions.
By January 1, 1977, agreements in accordance with the provisions of the
1974 policy h^d been negotiated with Argentina, Finland, the Republic of
Korea, Spain, Sweden and the USA, but no agreement had been reached with
Japan and the nine countries of the Euratom Community. As a result,
shipments of uranium to these two customers were halted. The embargo on
shipments in both cases lasted about one year before agreements satisfactory
to the Canadian Government could be concluded. The agreement with Japan
was a permanent one, but one part of the agreement with Euratom, dealing
with prior consent rights over reprocessing material subject to the agreement,
was an interim one for two years pending the recommendations of an
International Fuel Cycle Evaluation Committee (INFCE), which had been
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formed in 1977 to study the whole question of the nuclear fuel cycle and its
implications. Negotiations towards a permanent agreement will begin after
INFCE has submitted its final report. Because some of the provisions of the
1974 and 1976 policy statements were not included in the interim agreement
with Euratom • has attracted some criticism (32), but a final verdict will not
be possible until post-INFCE negotiations with Euratom are completed.
The Role of the AECB
It was noted at the beginning of this Chapter that one of the major
reasons for the creation of the Atomic Energy Control Board was to assist the
Government in developing policies for the international control of atomic
energy. This was consistent with the general policy advisory role which the
Government wished the Board to play in all aspects of atomic energy (see
Chapter 3) and, in international affairs, policy development has been one area
in which the Board has always made a consistent and significant contribution.
The Board has also played a major role in the implementation of, and more
particularly ensuring compliance with, the Government's international atomic
energy policies. Due to the technical nature of several aspects of the
international agreements involving atomic energy it would be expected that
the AECB would mainly provide a technical input into their formulation and
implementation, but from the outset the Board was not confined to the narrow
role of technical adviser. Until the 1970s it played a much wider role which
frequently involved taking the lead in the drafting and negotiating of
international agreements, an activity which one would normally expect to be
carried out by other Government agencies such as the Department of External
Affairs. It should be noted here that when referring to th: "Board" in this
section the part-time Board members have played a very small role in these
international activities. Most of the load has been carried by the Board's
Presidents and members of the staff.
The principal object of the AECB's involvement in international affairs
has been in connection with safeguards, but in describing the Board's
activities in this area it has been very difficult in many instances to delineate
the precise role played by the Board. In the formulation of draft agreements,
in the negotiation of these agreements with other countries, in the input by
Canada to the deliberations of intei national organizations such as the UN and
IAEA, the Board's Presidents and staff have had a considerable and often
major influence, but disentangling their role from that of other contributors in
the inter-departmental process has proved to be an almost impossible task.
Government policy statements and national and international agreements,
being the end product of many preliminary drafts and negotiations between
different parties, provide the historian with a difficult task in detecting major
sources of influence. As a result, much of this section on the role of the Board
in Canada's safeguards activities will be general in nature and statements of
the significance of the Board's contribution will be subjective since they are
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based on verbal interviews and will be ill-supported by documentary
evidence.
The earliest involvement of the Board in international safeguards began
with the first President of the Board, General A.G.L. MacNaughton. His role
in the work of the United Nations Atomic Energy Commission has already
been described in Chapter 3 and will not be considered further in this section.
By 1947, cooperative agreements with the USA and the UK had been
concluded which allowed for the transfer of uranium and information
(including arrangements for the classification of information mentioned
earlier in this Chapter) between the three countries.
There was little further international activity until the mid-1950s when,
as a result of the Eisenhower proposals of 1953, negotiations began in the
United Nations to set up an International Atomic Energy Agency. In early
1957, a few months before the statute cf the IAEA came into force, the
Government announced its intention to negotiate bilateral agreements with
countries wishing to acquire Canadian nuclear equipment and materials. A
draft of the type of agreement which would be acceptable to the Government
was prepared by G.M. Jarvis the Secretary and Legal Adviser to the Board,
and this was circulated for comment and amendment to other interested
Government departments and agencies. A modification of the original draft
was approved by Cabinet in August of the same year and was offered to a
number of friendly countries. As noted earlier, several bilateral agreements
were entered into by Canada as a result of negotiations based on this draft
agreement and Board staff (of which there were only two at the time, G.M.
Jarvis and Dr. D.J. Dewar) were heavily involved in inese negotiations. The
other major participant on behalf of the Canadian Government was the
Department of External Affairs, but during the 1950s and 1960s Board staff
could frequently be seen as lead negotiators in discussions with foreign
governments. One reason for this was that the Board, through its staff, had a
continuity of experience in these negotiations that was lacking in the
Department of External Affairs. Rotation of staff in that Department ensured
that a "nuclear" specialist did not evolve as a permanent staff position until
the 1970s so that for many years External usually relied on the Board's
superior experience in this type of negotiation to provide a leadership role. In
the 1970s External Affairs has increasingly concentrated on nuclear policy
and now takes the lead in international negotiations involving nuclear policy.
The Board still participates but concentrates on the administrative and
technical aspects of negotiations, and the implementation of agreements. The
Department of Industry, Trade and Commerce is also involved because its
Minister is one of the three responsible to the Government for the implementation of Canada's nuclear export policy.
The bilateral agreements concluded by Canada in the late 1950s and
through the 1960s and early 1970s included a provision for the inspection of
Canadian materials and equipment in the recipient country by AECB
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inspectors, and AECB staff made many journeys overseas during this period
to ensure compliance with the agreements. A routine safeguards inspection
would normally consist of an evaluation of the material control system, an
audit of the material records, a review of the operation of the facility since the
last inspection, and most importantly a physical inventory, on a statistical
basis, of those materials subject to safeguards. This last would consist of
tracking uranium through any pre-irradiation processing procedures and
through the reactor and into the storage or reprocessing facility where
estimates of fissile material production would be made and the material
accounted for.
The deportment of AECB staff during these periods of international
exposure provided favourable recognition of the importance of Canada's role
in international nuclear affairs and also provided individual recognition to the
staff members involved. By the 1970s many of the bilateral agreements had
been renegotiated to trilateral agreements with the IAEA as the third party and
increasingly the IAEA took over inspection responsibilities for Canadian
nuclear equipment and supplies, until by the end of the 1970s overseas
safeguards inspections had become only a minor facet of the AECB's
operations.
As a result of its experience in operating international safeguards
inspection regimes, the AECB staff has always strongly believed in the
superior efficacy of inspectors rather than in the use of instruments for
detecting safeguards violations. Instruments, however, are less obtrusive than
inspectors and are therefore less offensive to the national sovereignty
susceptibilities of some recipient nations. The capabilities of instrumental
safeguards techniques as a replacement for physical inspection had never been
adequately evaluated, so in the summer of 1968 the Governments of the USA
and Canada agreed to direct special attention to methods of detecting the
movement of source and special fissionable materials by the use of instruments and other techniques. At about that time, in the late 1960s, there had
been some international criticism of the CANDU reactor system which was
claimed to be particularly difficult to subject to effective safeguards since the
on-load fueling procedure allowed fuel shuffling at any time, creating
diversion possibilities that would be very difficult to detect and account for.
Partly in response to this criticism, it was decided that a suitable reactor to use
for the first round of the instrumental development phase would be the NPD
reactor at Rolphton. Discussions between the USA and Canadian Governments led to the initiation of a research and development program to provide
Tamper-Resistent Unattended Safeguards Techniques (TRUST) for the
CANDU reactor. The cooperating agencies in the two countries were the
United States Atomic Energy Commission and the United States Arms
Control and Disarmament Agency in the USA, and the Atomic Energy
Control Board and Atomic Energy of Canada Limited in Canada (33).
The stated objectives of the program were: (1) to develop and evaluate
prototype instrumentation (unattended and secure) which may be applicable to
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the safeguarding of power reactors and other nuclear facilities, (2) to test
tamper-resistent/tamper-indicating techniques and devices in the severe
environment of an operating power reactor.
The approach adopted was to monitor the refueling operations of the
reactor, the route to the spent fuel bay and the fuel bay itself. In this way all
fuel used in the reactor could be accounted for. Independent measurements of
reactor power and the plutonium content of the fuel in the spent fuel bay
would provide data to cross check the movement of fuel bundles. The most
important factor in the design of the data acquisition, transmission and storage
system was to render it secure from tampering by the operator. The TRUST
program produced some useful results but it also demonstrated the difficulty
of producing a system which was both tamper-resistant and unattended. The
program was transferred from NPD to Pickering in 1971, and was eventually
terminated in mid-1973.
In 1976 another program to develop a comprehensive safeguards system
for CANDU reactors, especially the 600 MW CANDU reactor, was begun in
collaboration with the IAEA. This time a systems approach was tried which
was hardware-oriented but also relied on inspectors to examine the integrity of
the hardware and carry out measurements. This program is nearing completion (1980) and the funding for it has been mentioned in Chapter 6.
Canada, as a party to the NPT, has a safeguards agreement with the
IAEA covering nuclear facilities and material in Canada (35). The Board is
responsible for Canada's part in implementing this agreement and for
maintaining a state system of accounting for, and control of, nuclear
materials. The role of the IAEA in its inspection activities is to verify the
records and reports of the state system. Thus, in addition to health, safety and
security, the Board in its licensing process for nuclear facilities imposes a
safeguards regime on the licensee. IAEA safeguards do not discriminate
among countries, and the extensive Canadian nuclear program is subjected to
equally extensive inspection by the IAEA.
Safeguarding CANDU has been a preoccupation of the Board for the last
decade. Although progress has been made, and is continuing, the Board's
original concept that inspectors are a key part of any safeguards regime is still
justified. However, it has also become evident that inspection alone is not
enough and some instrumentation is required to assist the inspector when he is
at the facility as well as to gather data for him when he is absent.
Unfortunately, increasingly sophisticated safeguards techniques will always
lead to increasingly sophisticated methods of thwarting those techniques, and
these will require continual vigilance on the part of inspectors and continual
ingenuity on the part of instrument designers.
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CHAPTER 11

Some Current Problems and
Legislative Reform
Introduction
The evolution of the Atomic Energy Control Board from a small
governmental policy advisory group to the regulator of a multi-billion dollar
nuclear industry, and some of the strains this change in role has put on the
AECB have been described in the preceding chapters. Throughout, a focus
has been maintained on the legislative mandate conferred on the AECB by the
Atomic Energy Control Act passed in 1946 and amended in 1954. For over 30
years this Act has served the AECB well.
In this chapter an attempt will be made to summarize some of the current
problems facing the AECB and again the focus will be on legislation, this
time a proposal to reform the AECB's constituent legislation. In 1977 the
Government introduced the proposed Nuclear Control and Administration
Act, which was tabled in Parliament as Bill C-14. This Bill, however, did not
progress beyond first reading and died on the order paper when that session of
Parliament ended.
The reasons this Bill was introduced, the nature of the changes it
proposed, and some of the consequences which the Bill would have generated
had it been enacted into law will be examined. It will be found that many of
the current problems of concern to the AECB will be captured in an appraisal
of the Bill.
It has been mentioned in previous chapters that a number of the nascent
problems which were being harboured by the nuclear industry in Canada came
into prominence in the years 1974-1976. This series of events started with the
explosion of India's 'peaceful' nuclear device in May 1974 which awakened
the Government, the media and the general public to the fact that the
Canadian nuclear industry and its regulatory mentor deserved more thought
and attention than they had received hitherto. The following year, 1975, the
contamination problems at Port Hope were uncovered and the Board realized
that it not only had a dubious legal basis for tackling some aspects of these
problems effectively but it also had insufficient staff and resources to respond
adequately to the situation. The following year again, the Ham Commission
published its report on the health and safety of workers in mines which
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provided implied criticism of the Board's activities in the areas of health and
safety in the uranium mining industry and made suggestions for a stronger
attitude towards the problem by the Board.
Meanwhile a study of the Atomic Energy Control Board, conducted by
Professor G.B. Doern at the request of the Law Reform Commission, was
carried out at the end of 1975 and the report, which was available to the Board
in draft form in 1976, was finally published in 1977 (1).
The study commented favourably on the quality and abilities of the
Board staff but it identified a number of areas where changes were desirable in
the AECB's operations. One suggestion was that the number of members of
the Board should be increased from five to seven and three of these should be
full-time members. The report noted the undesirability of the AECB and the
nuclear promotional agencies such as Eldorado Nuclear Limited and AECL
all reporting to the same Minister. The recommendation was made that, in the
interests of receiving impartial advice, AECB research contracts should not be
awarded to the nuclear industry but to disinterested bodies such as the NRC or
universities (2). The largest number of recommendations, however, concerned the AECB's relationships with the public. It was proposed that the
AECB provide a public information service on nuclear matters, that the
licensing procedures for nuclear facilities should include provisions for public
hearings, and that hearings for the revocation or suspension of licences should
be held in public. All these activities would require an increase in staff and the
report made it quite clear that the existing AECB staffing level was inadequate
to enable it to carry out even its current regulatory responsibilities.
With its increasing level of public visibility acting as a spur the Board
and its staff, in the mid 1970s, also began a more intensive consideration of
their role as regulators. This process was encouraged by the President of the
Board. Dr. Prince had arrived at the AECB in February 1975, and he was an
appropriate choice as President. He had spent most of his working life as a
senior official in Government departments and therefore had a good understanding of how the bureaucratic process worked. It took him very few
months to realize that the Board's mandate required re-defining and that any
form of re-definition would almost certainly require increases in staff and
resources. By early 1976 discussions were being held at AECB Management
Committee meetings concerning possible amendments to the Atomic Energy
Control Act which would enable the AECB to operate more efficiently and
effectively and, in April of that year, AECB staff managers were asked to
commit their ideas on the subject to paper. These ideas were consolidated in
the form of a draft "Memorandum to Cabinet on Revisions to the Atomic
Energy Control Act" and this draft was circulated to interested Government
departments on June 16, 1976. A few days later, on June 22, 1976, a meeting
was held with departmental representatives to discuss the draft and, as
expected, strong opposition to some sections was recorded particularly by the
Departments of Health and Welfare, and Environment.
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The draft was subsequently considered at a meeting of the Atomic
Energy Advisory Panel (3) and many of the same departmental objections
were raised again. However, at this point the task of resolving these issues
was taken over by the Privy Council Office which established an ad hoc Task
Force under the direction of Dr. Maurice LeClair, then the Secretary to the
Ministry of State for Science and Technology, to review the situation and
make recommendations. This difficult task was completed in less than one
month and it appears that the main impetus to this remarkable rate of progress
resulted from an intervention by the Privy Council Office to eliminate
interdepartmental squabbling.
Most of the recommendations of the LeClair Task Force were to end up
in the Bill, including a proposal that the new Bill should contain two parts.
The first part would deal with control of the health, safety, security and
environmental aspects of atomic energy and the second part would deal with
the commercial and promotional aspects. It was intended that the two parts of
the new Act (if passed) would not be the responsibility of the same Minister.
In October a memorandum on the revision to the AEC Act was referred
by the Government to Treasury Board for resource consideration and to the
Department of Justice for the preparation of draft legislation. Between
October 1976 and May 1977 numerous meetings were held on the subject of
draft legislation between federal departmental officials and between federal
and provincial officials. The draft Bill was finally approved by Cabinet on
May 26, 1977 and was tabled for first reading as Bill C-14 on November 24,
1977. Before the Bill was called for second reading, Parliament was
prorogued on October 10, 1978 and the Bill died on the order paper.
The Provisions of Bill C-14
Bill C-14, which was "to provide for the regulation, control and
supervision of the development, production, use and application of nuclear
energy and matters related thereto" (long title) (4) would have provided a
more comprehensive Act than its predecessor. Simply in size it was larger,
containing 84 sections on 31 pages compared with 21 sections on eight pages
for the 1946 Act, but more importantly it would have provided the AECB (to
be re-named the Nuclear Control Board — NCB) with the explicit and
detailed mandate lacking in the existing Act that it needed to deal with the
emerging issues in the field of nuclear energy which could not have been
foreseen when the original Act was prepared 30 years earlier.
The first substantive section of the Bill contain two declarations. The
first was that all works and undertakings for the production, application and
use of nuclear energy, for research and investigation with respect to nuclear
energy, and for the exploration, mining, refining and disposal of prescribed
substances were declared to be works for the general advantage of Canada
(s.3). This declaration was almost identical to the one in the existing Act
(s. 18). It confirmed the supremacy of the federal authority over the provincial
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authority in the field of nuclear energy and this was particularly important in
the contentious area of uranium mining. At a federal-provincial conference of
Mines Ministers held in November 1978, the use of this declaration to transfer
control of all aspects of the management of uranium resources to the federal
Government was strongly opposed by some provincial representatives since it
cast serious doubts as to the powers of the provinces to manage their
resources. Provincial governments have always jealously insisted on control
of their natural resources and a renewed declaration that uranium should be
under federal rather than provincial jurisdiction threatened their absolute
authority in this area and was seen by some as a possible precursor of further
federal initiatives to control other energy resources such as coal, oil and
natural gas. Several provincial governments continued to be unimpressed by
arguments that the special hazards of uranium made uniform standards of
health, safety and environmental protection necessary across the country, or
that the unique properties of uranium as a potential weapons material made it
necessary for the federal authority to control this resource. The dispute
between the two levels of government over uranium has not been resolved and
it will certainly be raised as an issue at future conferences on federal-provincial relations (5).
The second declaration (s.4) made the Act binding on the Crown and the
provinces, thus bringing federal agencies such as AECL and Eldorado
Nuclear Limited under the provisions of the Act. This provision did not
appear in the existing Act, and it was noted earlier that the AECB has not
attempted to regulate the activities of AECL within its own research
establishments, (with the exception of the transportation problems of AECL
Commercial Products Division noted in Chapter 9). This approach was
perhaps justified when AECL had a staff of safety experts which vastly
outnumbered the technical staff of the AECB. With the increasing strength
and expertise of the Board staff, the historical relationship no longer obtained
and the Bill recognized that the supremacy of the AECB in regulating matters
concerning nuclear energy should not be compromised by exceptions.
The remainder of the Bill was in three parts. The first related to the
control of health, safety, security and environmental aspects of nuclear
energy, the second related to the control of commercial and promotional
activities, and the third dealt with general issues common to the other two
parts. The Board would be responsible for the administration of only the first
part of the Act so that it would, in the future, have no responsibility for the
commercial and promotional aspects of nuclear energy. As noted previously
the first two parts of the Act would preferably be administered by separate
Ministers, and it was suggested by the LeClair Task Force that the Minister of
State for Science and Technology be responsible for Part I of the Act and the
Minister of Energy, Mines and Resources be responsible for Part II.
The first part of the Bill included a number of features which met some
of the recommendations made in the Law Reform Commission study. The
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first substantive clause in Part I (s.6) enlarged the representation of the newlynamed Nuclear Control 3oard to not less than five, and not more than nine,
members of whom not less than two and not more than five would be
appointed on a full-time basis (s.6) (6). This would increase the size and
effectiveness of the Board considerably from its present membership of one
full-time President assisted by four part-time members. When the original Act
was passed, the Government viewed the activities of the Board primarily in a
policy advisory role with administrative responsibility for research (which at
that time was only the Chalk River project) and uranium mining (Eldorado
Mining and Refining Limited owned the only uranium mine in Canada). Since
that time the range of problems and issues dealt with by the Board had
expanded considerably to include topics such as the health and safety of the
public, uranium miners and atomic energy workers, the protection of the
environment from radioactive contamination, and the safeguarding of nuclear
materials, equipment and technology. The areas of expertise now required
from Board members run the whole gamut of the nuclear fuel cycle and could
be contained in a small Board only with increasing difficulty. In addition, a
small Board did not allow for a diversity of membership which could relate to
the many constituencies now impinging on the Board's operations.
The Bill also made provision for the establishment of divisions of the
Board each consisting of one or more members (s.13). If the divisions
contained three or more Board members they could exercise all the powers
conferred on the Board by the Act. This provision would enable the Board
members to control selected aspects of the AECB's activities more directly
and effectively. The increased familiarity of the Board members with the
work in their divisions would mean that the decisions of the Board would not
be so dependent as they had been in the past on advice from the staff or the
Advisory Committees.
The provision by which the Government could control the activities of
the Board by issuing policy directives was retained (s. 19), but whereas under
the existing Act the directives were issued by the Minister to whom the Board
reported, they were now to be issued by the Governor-in-Council. These
directives were to be tabled in Parliament and published in the Canada
Gazette, a departure from the previous Act in which the Government's
directives to the Board were kept secret (7).
The Objects of the Board were more clearly defined in the Bill than in the
existing Act. Previously the Objects of the Board could only be inferred from
the preamble to the Act in which reference was made to "provision for the
control and supervision of the development, application and use of atomic
energy, and to enable Canada to participate effectively in measures of
international control of atomic energy..." The only other reference to
Objects in the 1946 Act occurred in section 7 where, in addition to complying
with directions from the Government, the Board was instructed to " . . .advise
the Committee (of the Privy Council on Scientific and Industrial Research) on
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all matters relating to atomic energy that in the opinion of the Board, may
affect the public interest." However, this statement was deleted when the Act
was amended in 1954.
The proposed Objects of the Board under the Bill were twofold. The first
was to regulate all aspects of nuclear energy in order to ensure the health and
safety of persons and the environment, to maintain national security, to ensure
that nuclear energy was only used for peaceful purposes and to ensure
compliance with measures of international control undertaken by Canada
(s.20(a)). This first Object, with the exception of environmental protection,
reflects to a large degree the intent of the existing Act but states that intent
more explicitly, particularly with respect to health and safety matters.
The second Object charges the Board "to act as a source of information
for the public on health, safety and environmental matters related to nuclear
energy" (s.20(b)). This Object was viewed by many as one of the most
important innovations in the Bill and gave expression to a view which had
been growing within the AECB during the mid-1970s that a more open policy
with respect to public information was required. As noted above, this view
was supported by the conclusions of the Law Reform Commission's study.
The only reference to public information in the 1946 Act was a statement
that the Board may " . . . disseminate or provide for the dissemination of
information relating to atomic energy to such an extent and in such a manner
as the Board may deem in the public interest . . . " (s.8(g)). For many years
this permission to disseminate information was interpreted cautiously as a
result of the secrecy surrounding atomic energy which was prevalent at that
time. Inquiries from the public were received and replied to by the Scientific
Adviser to the Board but there was little attempt to take positive action in this
respect by initiating any public information programs.
The first positive action taken by the AECB in this connection was a
decision that as part of its site approval requirements for a nuclear facility a
public information program should be instituted by the applicant which would
include at least one public meeting. An early facility to undergo this form of
public scrutiny was the Point Lepreau nuclear reactor and during 1975 the
AECB found itself under pressure from the public and the media to provide
information on this facility. The pressure was particularly strong from
anti-nuclear special interest groups who opposed granting a licence and who
wanted the Board to provide them with information which would help them
prepare their arguments. The resulting process generated a considerable
dialogue and correspondence with the public and the media which produced a
substantially increased work load for the Board staff.
Also in 1975, with the discovery of low-level radioactive contamination
at Port Hope, the Board staff again became involved in providing information
to the public and the media. As a result of these two experiences the Board
hired its first full-time information officer in mid-1976 and with the
continuing expansion of this role established an "Office of Public Information" with a staff of three on January 1, 1978. This office now handles all
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aspects of media and public relations but with a small staff it is only able to
handle information requests and does not undertake initiatives to actively
promote public understanding of nuclear energy.
The mandate conferred on the AECB by the existing Act in the area of
information dissemination did not really limit the scope of the policies and
programs which the Board could pursue, but successive Boards interpreted
their mandate conservatively until outside pressures began to force a change.
The Bill emphasised the extent of the required change by not only stating as
an Object that the Board should act as a source of information but also
defining two specific areas in which the Board should take action.
The first occurred in a section on "Hearings" which allowed the Board
to hold public hearings on any matter within its jurisdiction which it deemed
desirable (s.20(l)), and also directed it to hold public hearings in connection
with the issue of a licence to construct any major nuclear facilities such as
mines, reactors and heavy water plants (s.20(2)). For the purpose of this part
of the Bill the Board was to be given the powers of a Commissioner under Part
One of the Inquiries Act (s.34), which would allow the Board to summon
witnesses to give evidence under oath and to demand the production of
documents and things required for a full investigation (8).
In addition, the Board was required to publish notices of the receipt of
applications for a licence for a major nuclear facility, of the issue, refusal to
issue, the amendment, suspension or revocation of such a licence, and also a
notice of a public hearing (s.35(l)). These notices were to be published in the
local newspaper(s) of the area concerned and in the Canada Gazette (s.35(2».
The second reference to a more open policy towards public information
occurred in the section headed "Disclosure of Information". The Board was
directed to make available for inspection by the public all documents in
possession of the Board which did not contain information within a category
which was exempted from disclosure by the Regulations. Any person
providing the Board with information concerning the application for a licence
or related to prescribed substances, equipment or technology could request the
Board in writing not to disclose such information, but the Board must satisfy
itself that the information was either not required in the public interest or that
it would unduly impair the competitive position of the applicant before the
requsst for nondisclosure was granted (s.36).
The provisions in the Bill for the AECB to provide an information
service to the public went a long way towards satisfying the desire of the
Board, the Government and the public for a more open information policy.
The AECB was provided with a selection of discretionary and compulsory
powers concerning implementation of the policy which would be exercised
through its Regulations. One group of Regulations which the Board could
make with the approval of the Governor-in-Council allowed it to prescribe
" . . . classes of information that are exempt from disclosure . . . "
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Since the attitude of the AECB towards public information has not
changed since the Bill was prepared it is expected that similar provisions will
be included in any future draft legislation.
A new concept in the Bill, one which had not been considered in the
existing Act, was a proposal to establish a Radioactive Decontamination Fund
(s.51). The revenues for the fund were to be obtained from licensees by
levying a certain amount per unit of prescribed substance (s.53(l)), and
expenditures from the fund were to be used to cover the costs and expenses of
decontamination procedures where there was no person from whom the cost
could be recovered directly or where the recovery of costs appeared
impractical (s.54(l)). The provision for this fund in the Bill related to the
prior experience of the AECB in the Port Hope cleanup and also to the
concerns expressed over environmental contamination from abandoned
uranium mine and mill waste sites (see Chapter 7).
Both the existing Act and the Bill allowed the Board to make Regulations
with the approval of the Governor-in-Council. However, the increasing
complexity of the nuclear industry in Canada was reflected in the number of
specified areas in which the Board was allowed to make Regulations
(s.56(l)). There were 26 such paragraphs in the Bill where there were only
seven in the 1946 Act. In both cases the last paragraph enabled the Board to
make any Regulations deemed necessary for carrying out the purposes and
provisions of the Act, so that any omissions which became apparent in the
future could be dealt with. One interesting difference in the Bill relating to
Regulations was the provision that they should be published in the Canada
Gazette 60 days before their proposed effective date (s.56(2)). This follows
the current Government practice of pre-publication of Regulations in the
Canada Gazette unless specific exemption is granted.
There was also provision in the Bill for an appeal by an affected person
from any order or decision made by the Board (s.57). The appeal could be
made within one month to the Governor-in-Council who could confirm, vary
or rescind in whole or in part the order or decision. An appeal could also be
made to the Federal Court of Appeal on a question of law or a question of
jurisdiction. There is no provision for appeal in the existing Act.
A further major section of the Bill concerned the use of inspectors by the
Board (s.37-45). There was no comparable section in the existing Act
although the authority of inspectors was described briefly in the 1947
Regulations (s.305) and more fully in the 1974 Regulations (s. 12). In the Bill,
inspectors could be appointed by the Board to ensure compliance with the Act
and for purposes related to any international treaty obligations. They were
empowered to enter and inspect any nuclear facility, vehicle or premises in
which prescribed substances were located and could require reports and direct
that action be taken in cases of theft or loss of prescribed substances.
However, inspectors could not enter any place used as a dwelling without the
consent of the occupant unless under the authority of a search warrant. During
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inspections, an inspector could make tests or take samples as he considered
necessary and examine and make copies of any books or records containing
information relevant to the inspection. Persons obstructing inspectors by
failing to comply with reasonable directions or making false or misleading
statements would be subject to penalties (see below). Inspectors could also
seize any prescribed materials, equipment or technology which was illegally
in the possession of any person and if that person was subsequently convicted
of an offense against the Act the material, equipment or technology could be
forfeited. Although the powers given to inspectors under the Bill were
considerable, they were comparable with the powers conferred on inspectors
in other regulatory agencies by their respective Acts.
Part II of the Bill which was concerned with controlling the commercial
and promotional activities related to nuclear energy, and which would not be
administered by the AECB, contained several of the major provisions of the
existing Act. For example, the Minister could undertake research into nuclear
energy, could undertake the production and marketing of prescribed substances and nuclear facilities and could expropriate land, nuclear facilities or
prescribed substances and procure the incorporation of companies. It should
be noted that some of the powers conferred on the Government in the existing
Act which were considered inimical to the democratic condition (see Chapter
3) were retained in Part II of the Bill. It is interesting to speculate whether
these powers would be as readily accepted by the legislature now as they were
when the previous Act was passed.
Part II of the Bill contained several provisions which were objected to by
provincial government representatives, particularly in the provincial mines
ministries. The federal Minister for example was allowed to "explore for
prescribed substances" (s.63(a)) and could take or acquire any land under the
Expropriation Act (s.64(l)). These two provisions were seen by the provinces
as perpetuating the infringement on their exclusive rights to manage their
resources and were hence said to be in direct contravention of the British
North America Act. Another objectionable section stated that "no person
shall unless exempted . . . by regulation, explore for, extract, mine, mill,
produce, import, export, refine, possess, own, use, sell or otherwise dispose
of prescribed substances unless he holds a licence . . . " (s.66). This section
would effectively invalidate any parallel licences issued by the provinces and
together with the other sections in Part II would appear to remove all
discretionary powers of resource management for prescribed substances from
the provincial domain. The problems that the provinces have with Part II of
the Bill will not be resolved without some considerable difficulty.
The substantive content of Part III of the Bill dealt with offenses and
punishments for contravention of the proposed Act. Whereas previously a
summary conviction could lead to a fine of $5,000 and imprisonment for two
years or both, the new Bill proposed a fine of $100,000 and a two-year term
of imprisonment or both. Even allowing for inflation the fine was now more
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severe. Similarly, for a conviction on indictment the prison term was the same
at five years but the fine was increased from $10,000 under the existing Act to
between $100,000 and $250,000 proposed in the Bill.
The most interesting addition to this section was a new provision in the
Bill for a person found guilty on indictment of the illegal possession of any
fissionable substance to be liable for a term of imprisonment up to ten years.
This section was obviously aimed at deterring the activities of nuclear terrorist
groups.
Bill C-14 promised to provide a better foundation from which the AECB
could attempt to resolve most of its immediate problems, but its publication
aroused the provinces once again to express their opposition to federal control
of uranium and thorium. Other federal/provincial issues, related to occupational health and safety, and environmental concerns, seemed to be of less
importance to the provinces. Perhaps anxiety on these issues was partly
assuaged by giving the Board the responsibility for "taking into account
health, safety, security and environmental standards established by or on the
recommendation of other departments or agencies of government" (s.21).
This statement was intended to apply to both provincial and federal governments. The Board has usually managed to develop good working relationships
with most of the departments in both levels of government and there was no
reason to suppose that this cooperative attitude would change.
Strictly speaking, the objections by the provinces to Part II of the Bill
were not a concern of the AECB since the agency would not be administering
this part of the Act. Much of the content of Part I was found unobjectionable
by the provinces. However, if any future Bill remains divided into two parts
to cover the two separate aspects of regulation and promotion, the fate of Part
I, which vitally concerns the AECB, may well founder due to opposition
engendered by the provinces to some of the provisions in Part II.
The next move is up to the federal Government. It is desirable that the
AECB be provided with a revised legislative mandate, but legislative reform
is not essential since the AECB appears able to operate within the existing
Act. Whether the Government decides to reintroduce Bill C-14 or a modified
version of it, or whether it decides to maintain the status quo, will depend on a
number of factors. One of the most influential, and yet mundane, considerations is the degree of parliamentary congestion likely to be provided by other
governmental legislation. The parliamentary calendar is always full and new
legislation must be subjected to a system of priorities which will be
determined by the Government's view of the importance of any given piece of
legislation compared with others. A government's priorities in this regard
often depend on its perception of the public mood. If the public demands, or
even expects, new legislation in a particular area the required bill will often
move towards the top of the priority list. With little public demand or interest
there is less incentive for action. During the latter part of the 1970s the nuclear
industry was subjected to considerable media scrutiny but, despite this, public
knowledge of the industry and the issues involved in the operation of the
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nuclear fuel cycle remained low (9). The short-lived Clark Government
promised a joint Commons-Senate inquiry into nuclear energy but the present
Trudeau Government has indicated its preference for an internal review of the
nuclear industry. It is possible that if there are no media-attracting events in
the 1980s, the public's concern over nuclear energy will continue at a low
level and this could be paralleled by a lack of government interest in
legislative reform.
With or without a change in its constituent legislation the AECB will
have to continue regulating the activities of a still changing and growing
nuclear industry. The progress made in the nuclear industry during the forty
years between Dr. Laurence's graphite/uranium "pile" at Sussex Drive and
the planned 3,400 megawatt nuclear power station at Darlington has been
phenomenal, and it would be unwise to discount similar progress in the
future. Whatever changes occur in the industry during the rest of the twentieth
century, the AECB is now in a much better position to provide an adequate
regulatory response than it was in 1946. It will be the responsibility of the
staff of the AECB to continue to merit the reputation, recently bestowed on
them by an investigating committee, for being "competent and independent"
(10).
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Sept/46

—March/61

V.W.T. SCULLY,

Deputy Minister, Department
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Sept/46

— March/52

Dr. C.J. MACKENZIE,
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Council.

Sept/46

— March/48

W.J. BENNETT,

President, Eldorado Mining
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March/48 —Aug/58

Dr. E.W.R. STEACIE,
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Council.

April/52

— Aug/62
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Aug/58

—Jan/73
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Aug/58
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— March/70
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APPENDIX n
FINANCIAL DEVELOPMENT OF THE AECB

Year

Administrative Research
Expenses
Grants Year

1946/7
1947/8
1948/9
1949/50
1950/1
1951/2
1952/3
1953/4
1954/5
1955/6
1956/7
1957/8
1958/9
1959/60
1960/1
1961/2
1962/3

($000)

12
30
31
35
31
34
35
40
39
31
37
49
52
56
64
79
135

150
150
150
150
206
300
300
300
300
300
400
400
650
650
700
770

1963/4
1964/5
1965/6
1966/7
1967/8
1968/9
1969/70
1970/1
1971/2
1972/3
1973/4
1974/5
1975/6
1976/7
1977/8
1978/9
1979/80

($000)

($000)

131

900
1,250
1,600
2,000
2,500
2,620
2,500
2,500
2,595
2,468
2,421
2,593
3,809

157

184
245
302
374
486
597
648
906
1,132
1,500
2,512
5,157
11,308(1)
14,392(2)
11,306(3)

Total Administrative Expenses ($000)
Total Research Grants ($000)
Total Mission Oriented ($000)

52,182
35,619
6,091

Total AECB Expenditures ($000)

93,892

(1)
(2)
(3)
(4)
(5)
(6)
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($000)

Administrative Research
Expenses
Grants

Includes $5,143,000 for decontamination
Includes $6,543,000 for decontamination
Includes $4,471,000 for decontamination
Includes $500,000 for special safeguards program.
Includes $977,000 for special safeguards program.
Includes $1,247,000 for special safeguards program.

Mission
Oriented

($000)

127
174
132
376
386
1,217(4)
1,773(5)
1,906(6)

APPENDIX ID
GLOSSARY
alpha-particle

A positively charged particle emitted by a radionuclide which
is composed of two protons and two neutrons. It is the same as
the nucleus of a helium atom.

atom

The smallest basic unit of an element. Each atom has a
positively charged nucleus surrounded by electrons of equal
negative charge.

atomic nucleus

The central positively charged portion of an atom. It consists of
protons and neutrons bound together by strong nuclear forces
(except for hydrogen which has one proton and no neutron in
the nucleus).

beta-particle

An electron emitted by the decay of a radionuclide or by the
decay of a neutron to a proton.

burn-up

A measure of the quantity of energy obtained from a sample of
nuclear fuel. Usually expressed in units of megawatt-days per
tonne of fuel.

calandria

The containing vessel for the core of a CANDU reactor.

CANDU

The Canadian nuclear power reactor system. Derived from
Canada, Deuterium, f/ranium.

chain reaction

A reaction which initiates its own repetition. In a nuclear chain
reaction a neutron induces fission which produces neutrons
which initiate further fissions.

control rod

A rod containing an element of high neutron absorption
capability which may be extracted from, or inserted into, a
reactor core to speed up or slow down the nuclear reaction.

coolant

A liquid or gas circulated through a reactor core to remove the
heat generated by the fission process.

core

The heart of a nuclear reactor containing the fuel, moderator,
control rods and coolant.

critical mass

The mass of fissionable material that is just sufficient to sustain
a chain reaction.

curie(Ci)

A unit of radioactivity. Defined as the quantity of a radioactive
nuclide which produces 3.7 x 1010 disintegrations per second.
A millicurie is 10~3 Ci, a microcurie is 10~~6 Ci, a picocurie is
l(T12Ci.

daughter isotope

The immediate product of the decay of a radioactive nuclide.

decay

The spontaneous decrease in activity in a radioactive material
accompanied by radioactive emission, and leading to the
formation of a daughter isotope.

dose

The amount of energy imparted by ionizing particles to a unit
mass of irradiated material.
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APPENDIX Ill(cont'd)
electron

An elementary particle which is the negatively charged constituent of matter.

element

A substance made up of atoms having the same atomic number.
There are 92 naturally occurring elements.

fission

The splitting of an atomic nucleus into two parts with the
release of large amounts of energy and two or more neutrons.

fission products

The mix of nuclides resulting from fission.

fuel reprocessing

The chemical separation of irradiated nuclear fuel into
uranium, plutonium, and radioactive waste.

gamma ray

A high energy radiation, especially as emitted by a radioactive
nucleus during decay.

half-life

The time taken for one half of any quantity of a radioactive
nuclide to decay. Can range from millionths of a second to
billions of years depending on the nuclide.

heavy water

A compound of deuterium and oxygen containing two atoms of
deuterium and one of oxygen.

ion

An atom or molecule which by the loss or gain of one or more
electrons has acquired a net electric charge.

ionization

A process whereby an ion is produced.

isotopes

Atoms which have the same atomic number but different mass
numbers, e.g. hydrogen-1 and hydrogen-2 (Deuterium),
uranium-235 and uranium-238.

man-rem

The total dose in rem received by the individuals in a given
population.

mass number

The total number of protons and neutrons in an atomic nucleus.

megawatt

A unit of the rate of production of electricity. One megawatt is
a million watts, a kilowatt is a thousand watts.

million electron
volts (MeV)

The energy acquired by an electron in passing through a
potential of one million volts.

moderator

The material used in a nuclear reactor to slow down neutrons
from the high velocities at which they are emitted in the fission
process, so they can become more likely to produce further
fissions.

molecule

A group of atoms held together by chemical forces. It is the
smallest unit of such a group which can exist by itself and still
retain all of its chemical properties.

neutron

An elementary particle with approximately the same mass as a
proton but without an electrical charge.

nuclear reactor

A device containing fissionable material which can produce a
controlled, self-sustaining nuclear fission chain reaction.
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APPENDIX HI (cont'd)
nucleus

The positively charged core of an atom which contains almost
the whole mass of the atom but only a minute part of its
volume.

nuclide

A species of atom characterized by the atomic number, mass
number and atomic mass.

photon

A quantum of electromagnetic radiation carrying energy,
momentum, and angular momentum.

plutonium

A radioactive man-made element with atomic number 94. Its
most important isotope is fissionable plutonium-239 used in
nuclear weapons and which may also be used as a reactor fuel.

proton

A positively charged elementary particle which together with
the uncharged neutron is the building block of all atomic
nuclei.

rad

The standard unit of absorbed radiation dose, equal to the
absorption of 0.01 joule of radiation per kilogram, (radiation
absorbed dose)

radioactivity

The spontaneous decay of an unstable atomic nucleus into one
or more different isotopes or elements. It involves the emission
of particles or spontaneous fission which continues through
successive radionuclides until a stable state is reached.

radioisotope

A radioactive isotope of an element.

radionuclide

A nuclide that exhibits radioactivity.

radiotherapy

The use of ionizing radiation to treat disease.

rem

The product of the radiation absorbed dose and the relative
biological effectiveness of the radiation. (Roentgen equivalent
man).

uranium milling

The process by which uranium is separated from an ore and
converted to a highly concentrated form known as "yellow
cake".

uranium refining

The process by which yellow cake is purified and converted to
uranium metal, uranium dioxide (UO2) or uranium hexafluoride(UFs).

working level

The amount of decay products of radon-222 in one litre of air
that will emit 1.3 x 105 MeV of alpha-particle energy during
their decay to lead-210 (WL); equivalent to 100 picocuries per
litre.

working level
months

The product of the number of working levels in the inhaled air
and the number of working months exposure (where one
working month equals 170 working hours).

yellow cake

The final precipitate from the uranium milling process. It is
usually sodium or magnesium diuranate, a yellow powder.
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APPENDIX IV
A CHRONOLOGY OF SIGNIFICANT EVENTS
1945

Atomic bombs dropped on Hiroshima and Nagasaki.

1946

Atomic Energy Control Act proclaimed.

1946

General A. G.L. McNaughton appointed first President of the AECB.

1947

Atomic Energy Control Regulations published.

1947

NRX reactor at Chalk River in operation.

1947

First USA, UK, Canada declassification conference.

1948
1948

Dr. C.J. Mackenzie appointed President of the AECB.
Government encourages uranium exploration by setting a minimum price for
the ore.

195 2

AECL created as a Crown Corporation.

1952

Cobalt-60 first used for cancer therapy.

1952

NRX reactor accident.

1953

Design study for NPD started.

1953

Beaverlodge mine in operation, the first uranium mine in Canada.

1954

Amendment to the Atomic Energy Control Act.

1956

Reactor Safety Advisory Committee set up.

1956

Canada provides NRX-type reactor to India (CIRUS).

1957

Statute of the IAEA comes into force.

1957

NRU reactor at Chalk River in operation.

1959

Construction of the Douglas Point reactor authorized.

1959

US Government announces it will not renew its uranium contracts.

1960

Revised Atomic Energy Control Regulations.

1960

CIRUS reactor start-up.

1961

Dr. G.C. Laurence appointed President of the AECB.

1962

NPD reactor start-up.

1962

Board creates an Accelerator Safety Advisory Committee.

1963

Government contract awarded to Deuterium of Canada Limited for heavy
water production.

1963

First uranium stockpiling program begins.

1964

Ontario Water Resources Commission reports high levels of radium in
waters in the Elliot Lake region.

1964

Board issues construction approval for the Glace Bay Heavy Water plant.
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1966

Board creates a Nuclear Reactors Examination Committee.

1967

Board issues start-up and operation approval for the Glace Bay Heavy Water
plant.

1967

Board creates an AECB-NRC Visiting Committee to examine the use of
research funds.

1968

Douglas Point reactor start-up.

1968

TRUST program begins.

1969

First Heavy Water Safety Advisory Committee established, (for the Bruce
plant)

1969

Regulations for the transportation of radioactive materials adopted by the
Board.

1969
1969

Glace Bay Heavy Water plant operating license revoked by Board.

1970

Dr. D.G. Hurst appointed President of the AECB.

1970

UN Non-proliferation Treaty in force.

1972

Government announces arrangements with other producing countries for the
orderly marketing of uranium.

1972

Board agrees to fund mission-oriented research.

1974

India's 'peaceful' atomic explosion.

1974

Revised Atomic Energy Control Regulations issued.

1975

Dr. A T . Prince appointed President of the AECB.

1975

Mine Safety Advisory Committee established.

1975

Contamination at Port Hope discovered.

1975

Reactor Waste Safety Advisory Committee established.

1975

Uranium Suppliers Group disbanded.

1976

AECB university grants program transferred to NRC.

1976

Ham Commission report published.

First report by Board staff on Radioactive Waste Management.

1976

Board establishes a Radioisotopes Safety Advisory Committee.

gi

1977

Hare report on waste management issued.

1i

1977

Bill C-14 tabled in Parliament for first reading.

1978

Revised Atomic Energy Control Regulations issued.

1978

J.H.F. Jennekens appointed President of the AECB.

1979

Advisory Committee system abolished and replaced by generically oriented
advisory groups.
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