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CHAPTER FIVE

Nuclear Power
In September 1978, in response to Order-in-Council No. 3489/77, the Commission published its Interim
Report on Nuclear Power in Ontario. Because the Commission's public hearings were incomplete at the
time of publication, no specific recommendations were presented. During the last year, moreover, there
have been significant developments in the field of nuclear power, notably the Three Mile Island (TMI)
nuclear power station accident. The purpose of this chapter is twofold. First, to update the Interim
Report in the light of the TMI accident and other important developments in the field of nuclear power,
and, second, to present our general conclusions and recommendations that relate specifically to the
CANDU nuclear fuel cycle. With few exceptions, which will be identified subsequently, the major
findings of our earlier report (see Compendium of Major Findings) may be treated as final conclusions
and will not be reiterated in this Report. However, for the sake of continuity, there are unavoidable
overlaps between the two reports.

The Risks of Nuclear Power
All energy technologies involve risks, but the most serious of those associated with the nuclear fuel cycle
are unique and occur in all phases of that cycle, in particular, in the mining and milling of uranium, in
the operation of the reactor, and in the management and disposal of spent nuclear fuel. Each of these
topics has been treated in depth in the Interim Report and in Volume 6.
Society is faced with three basic questions. First, how can risk be assessed? Second, how much risk is
acceptable? And, third, how can risk be regulated? These questions have physical, psychological, and
social dimensions. They relate to the basic issue - how can society cope with uncertainty? Especially
when, as in the case of nuclear power, the interpretation of data frequently involves value judgements.
Decision-making has special significance in connection with nuclear power, not least because the view
appears to be widely held that nuclear power is a high-risk technology - indeed, it is a symbol for
technological dissent. To counter this view, the comparative risks of various activities, including "living at the boundary of a nuclear power station", have been described in the reports of several commissions, and the matter was raised during our public hearings. We have concluded that it is not meaningful to compare activities involving voluntary risks (e.g., cigarette-smoking, car-driving, scuba-diving)
with activities involving involuntary risks (e.g., exposure to pollution caused by thermal power generation, or exposure of the non-smoker to tobacco smoke). The basic reason is that such comparisons do not
take psychological factors into account. We agree with Otway, who recognizes... the futility of seeking
to reassure people that, for example, nuclear power is safe by comparing its low levels of risk with the
number of hours of skiing that would provide an equal risk - in a psychological^sense they are not
comparable.1
The risks of nuclear power, as manifest in the TMI accident, are related exclusively to the risk of
exposing people (directly and/or indirectly through the food chain) to the ionizing radiation that
results from the products of fission contained in the reactor core. People are also expcied to aboveverage (i.e., background) radiation in uranium mines, in the vicinity of mill-tailings ponds, in managing nuclear wastes, in living at high altitudes, and in flying at high altitudes, and there are many other
radiation risk situations, such as medical X-rays.2

Radiation Risks
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Although the association between man's exposure to ionizing radiation and the incidence of cancer and
genetic damage has been known and studied for more than 50 years, it was the advent of nuclear
weapons and, subsequently, nuclear power that accelerated the research work. To date it has been
estimated that "literally billionsof dollars" have been expended on these studies.3
The mechanism whereby cancer and genetic harm are induced is related to the damage caused to the
DN A molecule by radiation (similar damage may be caused by other toxic agents). The DNA is modified
in a way that can give rise to spontaneous and uncontrolled cell reproduction. During recent years it has
been assumed that the level of biological damage is proportional to the energy released within the
tissue. This is referred to as the linear hypothesis. However, by no means fully understood by the public
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is the scientifically accepted hypothesis that mankind and his forerunners have been exposed to ionizing radiation (from outer space, from terrestrial sources, and even from internal sources in the body)
for millions of years. This natural background radiation, in the order of 100 millirem (mrem) per
person per year, causes DNA damage in susceptible sub-groups of people, but the overall effects are
barely perceptible because of the many other potential carcinogenic agents in the environ ment. Consequently, human exposures of several times the natural background radiation have been assumed to be
acceptable. For thegeneral population, the acceptable level istaken to be 500 mrem per person per year.
A breakdown of radiation sources, including medical diagnostics, is given in Annex D of the Interim
lUport.
Under normal operating conditions the radiation resulting from the routine release of radioactive
isotopes from aCANDU power station is in the order of 1 to 2 per cent of the combined average level of
natural and medical radiation doses; this is generally assumed to be negligible.
Workers in nuclear power stations, as well as in other occupations that are "nuclear-related" (e.g.,
medical radiography), are exposed to higher levels of radiation than, for example, the public living in
the vicinity of a nuclear power station. For these workers radiation dose limits are at present set at 5
rem per person per year - all workers are continuously monitored and the exposure of each is aggregated. The dose limit is 10 times that set for the general public. Although few workers receive aggregated doses at these limits, there remains cause for concern.4 The problem of exposure of nuclear
reactor workers to comparatively high levels of radiation may become critical if a major programme of
"re-tubing" (i.e., replacing the pressure tubes that are subject to intense radiation) of CAN DU reactors
is undertaken. However, note that re-tubing is currently expected to be required only for the Pickering
A and Bruce A generating stations, because tube expansion was taken into account in the design of
later stations. This process will involve cadres of skilled workers each of whom will be subjected to
comparatively high doses; but these must not exceed the 5 rem annual dose limit per worker.
We recommend that:
5.1 Ontario Hydro should publish a report as soon as possible on the expected exposure levels
resulting from any reactor re-iubing operations, addressing, in particular, the following questions:
How many workers (Ontario Hydro employees and others) will be subjected to the 5 rem annual dose
limit in connection with the re-tubing of a single reactor?
Will workers be subject to high dose levels on a continuing basis when the re-tubing of the Pickering A
and Bruce A reactors begins on a sequential basis?
A worker could receive an aggregated dose of 50 rcms over, say. a 15-year period. Is this medically
acceptable? Should these exposures be age-dependent?
What is the total number of workers required, on a continuing basis, to undertake re-tubing operations? Are that many adequately skilled workers at present available?
To what extent can the re-tubing operation be undertaken by "remote control", thereby minimizing
the aggregated exposures of workers?
Will workers who may be subjected to higher-than-normal radiation doses, ana their unions, be fully
informed of the nature of the risk?

I

In respect of the above, we note especially that the problem of assessing radiation risks at comparatively low dosage levels is compounded by the long latency periods involved in the induction of cancer
(and the even longer periods required to assess genetic damage, if any). There is also the extremely
important question of the age of workers. It seems reasonable to suggest that annual radiation dose
levels should be related to specific age groups - the younger the worker, the lower the exposure dose.0
Central to this whole question is the so-called ALARA principle which states that the design and
operation of all facets of the nuclear fuel cycle should be predicated on radiation doses "as low as
reasonably achievable". In other words, the dose limits set by regulatory agencies should be regarded as
absolute maxima.
The most serious postulated nuclear accident is one that gives rise to the complete melting of the reactor
core, and the subsequent breaching of multiple containment systems. We stress, however, that the
probability of such an accident occurring is very small. In spite of major studies of the potential effects
of such an accident,6 there remains considerable diversity of scientific opinion concerning "radiationinduced human carcinogenesis". This is largely due to the inadequacy of the information base. For
example, one U.S. review group concluded in 1978: "The key difficulty with any realistic assessment of
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the effects of radiological exposure is the paucity of human data."7 A nd a related conclusion, in the same
report, is:
The data on radiation-induced human earcinogenesis are still too sparse and too contradictory to
provide a basis in themselves for these values. Asa result of the indefinite character of the data base,
there is a spectrum of opinion among radio-biologists as to the use of dose-reduction factors.
Notwithstanding these major uncertainties, it is important to put into perspective, on the basis of the
most recent scientific information available, the relative hazards of low-level radiation. 8 Assuming
that one million people are exposed over the whole body on a one-time basis to ionizing radiation of one
rem each(this is 10 times the average annual exposure of each one of us to a combination of natural
radiation and medical diagnostic and therapeutic radiation), the estimated number of cases of cancer
induced in males would be in the range 192 to 756, and in females 344 to 1,306. The probable number of
cancer deaths associated with this exposure would be in the range 70 to 353. Furthermore, if a population of parents were exposed to one rem of radiation each, there would be an expected increase in
serious genetic disorders in the range of 5 to 75 per million live births (in the first-generation
offspring).9
But these estimates must be viewed in terms of the incidence of all cancers in humans in North
America, which is in the order of 180,000 per million people on a lifetime basis. We note also that
naturally occurring genetic disorders may be in the order of 100,000 per million births. 10

The Safety of Nuclear Reactors
The Interim Report considered the categories of reactor malfunction to which the CANDU reactor may
be subject, and introduced various estimates of their frequency of occurrence and their possible consequences. However, since that report was published, additional material relating to reactor safety has
been brought to the attention of the Commission.1'
To date, the most comprehensive study of the risks of operating a nuclear reactor was undertaken by a
team headed by Norman Rasmussen, Prof essor of Nuclear Engineering at the Massachusetts Institute
of Technology, sponsored by the United States Nuclear Regulatory Commission. This team's report was
published in 1975. Not unexpectedly, because of the extreme complexity of the analysis (a nuclear
reactor is one of the most sophisticated technological achievements of man) and the novel approach, the
report was subjected to considerable criticism. Consequently, the U.S. Nuclear Regulatory Commission
established an independent group of scientists and engineers to assess it. Although the Rasmussen
study and the subsequent assessment by Professor H.W. Lewis relate exclusively to the operation of
light-water reactors, the basic findings of both studies are relevant to the safety of CANDU reactors.
The following points from the Lewis report conclusions have particular relevance to CANDU safety
studies.
• The methodology, based on fault-tree and event-tree analysis, represents art important advance
over earlier methodologies applied to reactor risks. However, one member of the study group as
well as a panel of radiological experts set up by the U.S. National Academy of Sciences concluded
that it is doubtful that the approach can be implemented "so as to give a high level of confidence
that the probability of core melt is well below the limit set by experience".
• The group was "unable to determine whether the absolute probabilities of accident sequences in
the Rasmussen study are high or low" - it expressed the belief that the error bounds are underestimated. The main reason given for this conclusion was the inadequate data base, as well as some
questionable statistical procedures.
• Although the Rasmussen report concluded that comparatively minor loss-of-coolant accidents
and human errors are important aspects of reactor safety, these were not adequately covered in the
analysis.
• Mathematical studies of highly complex systemssuch as nuclear reactors can never be complete they will always be subject to revision.
• The Rasmussen report was the first to assess the potential consequences of large releases of
radioactivity into the atmosphere. However, there is a continuing need for the associated biological
models to be updated in the light of new information.
• It is extremely difficult to incorporate human-error information into fault-tree analysis. Furthermore, the Lewis group concluded that the Rasmussen study had significantly "underrated the
role of operators and other employees in mitigating or controlling some potential accident
sequences".
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It is not widely known that the Whiteshell Nuclear Research Establishment, in co-operation with the
Sheridan Park Power Projects Division of AECL, has a comprehensive research programme concerned
with the safety of CANDU reactors. Although the primary purpose of these studies is to improve
analytical procedures, it is important to note that the programme is producing a better understanding
of the performance of the process and safety systems of existing reactors. Special attention is being
devoted to:
• the performance of process and safety systems in removing heat and maintaining a flow of
coolant, and fuel behaviour, during a postulated loss-of-coolant accident
• the fuel-to-moderator heat transfer, the hydrogen production, and the fission product release
during a postulated loss-of-coolant accident
• the performance of containment systems during a postulated loss-of-coolant accident
An important feature of the research is the validation of the reactor accident analysis computer codes,
at present under development; these are based on experiments involving a range of scales in space and
time. This research, we understand, will be completed in 1985.
Because it reviews current safety principles and criteria and recommends changes in existing standards, the controversial 1979 report of the Inter-Organizational Working Group to the AECB has
special relevance to CANDU reactor safety. Under an independent chairman, Dr. W. Paskievici of
L'Ecole Polytechnique, University of Montreal, this group consisted of representatives of AECB,
AECL, Hydro-Quebec, Ontario Hydro, and New Brunswick Power. The level of independence of the
working group has been challenged by several anti-nuclear public interest groups. In effect, the report
recommends that the allowable radiation releases for accidents of very low probability but high consequences should be increased, while the allowable dose levels to the population resulting from less serious
accidents with higher probability of occurrence should be decreased. Thus, the allowable radiation dose
level for an individual member of the public living in the vicinity of a nuclear power station would, in
fact, be increased (i.e., the standards would be relaxed) in the event of an admittedly very improbable
major reactor accident. It is important to note that the recommendations of this report had not, at the
time of writing (December 1979), been approved by the AECB.12

Three Mile Island — Some Lessons
No single incident relating to the commercial use of nuclear power has had a more profound impact on
the general public and on nuclear-power-oriented electricity utilities than the TMI accident.13 In the
view of the proponents of nuclear power, the accident demonstrated that, in spite of its serious nature,
and essentially because of the reliable operation of key control systems (i.e.. shut-down systems) and
effective "defence in depth", not a single fatality or injury occurred. Furthermore, they assert, the
lessons to be learned will facilitate the safe operation of nuclear power stations in the future and
improvements in reactor design. On the other hand, those opposed to nuclear power contend that the
accident proved that nuclear power stations are basically unsafe, that the situation at TMI was potentially extremely dangerous, that the regulatory procedures and licensing processes are inadequate, and
that the public is ill-informed with respect to the threats of nuclear power. Because of the obvious
lessons that have been learned as a result of the accident, and their implications for the safe operation
of the CANDU reactor, we summarize in this section the sequence of events that occurred on March 28,
1979, and the conclusions of the Presidential Commission of Inquiry (the Kemeny Commission) that
relate specifically to our inquiry, and we identify the key causes of the accident and comment with
special reference to CANDU.
The Accident. To put the accident that occurred at Reactor 2 of the TMI station in Pennsylvania into
perspective, we outline below the sequence of events that occurred:
• The accident was initiated essentially by an inadvertent shut-down of several f eedwater system
pumps supplying water to the steam generators. Within one second, this caused the steam turbine
to trip (as designed). Due to the loss of feed water supply, the reactor coolant system pressure began
to rise, causing electromagnetic pressure relief valves to open (as designed), and allowing coolant
to be released in order to lower pressure. Because of the pressure build-up, the reactor safety
systems responded automatically and the reactor was shut down (as designed). This sequence of
events happened within 10 seconds of the initial pump failure; reactor cool-down and reduction of
reactor coolant system pressure resulted. Up to this point everything worked according to design.
• As the reactor pressure began returning to normal levels, the electromagnetic relief valve should
have closed, thereby ending further loss of coolant. However, that valve failed to reclose (the
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control room indicators showed that the signal to close the valve had, in fact, been given, but there
was no indicator to show the actual status of the valve). This was the critical event in the entire
sequence. If the relief valve had closed, the accident could probably have been avoided. For example, if the operators had known the status of the "stuck open" valve, they could have stopped the
drain of coolant by closing a "block valve".
• In the meantime, the water level in the steam generators dropped to such a level that the auxiliary
feedwater valves opened automatically (as designed). However, feedwater did not flow because the
auxiliary feedwater block valves had been mistakenly left closed (following servicing) some time
duringthe previous 48 hours.
• As the reactor coolant system pressure continued to drop because of the open relief valve, the
high-pressure emergency core cooling system was automatically activated (as designed). But, and
this was another critical factor, some four and one-half minutes into the accident, the operators
mistakenly "throttled back" the emergency pumps. Shortly thereafter, the operators restored the
feedwater flow and consequently the reactor cooling system temperature and pressure were reduced. However, within minutes, because of the increasing pressure of the coolant under drainage
conditions, a protective disc on the drain tank ruptured. This resulted in radioactive coolant spewing into the reactor building sump and thence into the auxiliary building. Notable is the fact that
this disastrous sequence of events could have been avoided if the drain tank pressure indicator had
been examined. Unfortunately, this indicator is located on a panel behind the two-metre-high
primary control room panels on which all critical instruments were placed.
• Within one hour and three-quarters of the initiation of the accident, apparently because of
dropping reactor coolant flow and pressure, and because of increasing coolant pump vibration, the
operators shut down the coolant pumps. This was another critical step, and it seems to have sealed
the reactor's fate. The resulting loss-of-coolant circulation probably caused boiling in the vicinity
of the fuel rods, reduced heat transfer from the fuel, and gave rise to substantial fuel sheath
failure. This in turn resulted in the release of radioactive fission products contained in the fuel
matrix, and in the production of hydrogen gas.
• Because the top of the reactor core was no longer covered with water, temperatures as high a?
2,200"C ensued. At such temperatures, the zirconium that encases the fuel rods reacted with water
to produce zirconium oxide and free hydrogen. The expanding hydrogen began to accumulate a? a
"bubble" at the top of the reactor vessel. This was of concern because, as the "bubble" expanded, it
might force the level of cooling water down even further, thereby exposing the core to a greater
extent. Also, hydrogen and oxygen are an explosive mixture if the oxygen reaches a certain concentration. In retrospect, it is clear that there was never any real danger of a chemical explosion:
oxygen is known for its readiness to combine with zirconium, so that the "bubble" probably never
contained sufficient quantitiesof oxygen.
• Within approximately 16 hours of the initiation of the accident, the operators isolated the faulty
relief valve (which had stuck open), brought one reactor coolant pump into operation and restored
feedwater flow to the steam generators.
• There were very small releases of radioactivity into the atmosphere during the accident, mostly
from an auxiliary building that was outside containment and into which radioactive water had
been pumped.
The above summary of events is intended to demonstrate that the basic causes of the accident were
extremely simple. A relief valve failed to close; an indicator in the reactor control room showed that a
signal to close the relief valve had been given but there was nothing to indicate that the valve had not
closed. Two isolating valves that should have been open had been left closed for a considerable time
before the accident. Paradoxically, this resulted from a routine monitoring programme that was carried out periodically to check reactor safety systems and other operations.
Summary of the Presidential Commission's Conclusions. The report of the commission investigating the
TMI accident was published on October 30, 1979.li4 The main conclusions of the report are outlined
below:
• Fundamental changes to the organization, procedures, practices, and attitudes of government
agencies (especially the Nuclear Regulatory Commission) and the nuclear industry are essential.
• Neither the utility nor the regulatory body paid adequate attention to previous incident? at
nuclear plants: feedback from the plants seems to have been essentially ignored.
• Operator errors contributed significantly to the accident: so did defective and poorly designed
instruments.
Xuchar Potn r rif*

• The trainingof the nuclear reactor operators was deficient.
• The operator of the plant (i.e., the utility) "did not have sufficient knowledge, expertise and
personnel to operate the plant or maintain it adequately".
• The emergency response by the Nuclear Regulatory Commission, the state, and the federal
authorities "was dominated by an atmosphere of almost total confusion".
• Although the amount of radiation leaked to the atmosphere will probably have a negligible effect
on the physical health of people living in the vicinity of the plant, many of these people were
subjected to severe, albeit short-lived, mental stress.
• Much stricter safety requirements should be enforced for nuclear power stations operating in
the vicinity of heavily populated areas.
The Royal Commission's Com menis. The following comments are not based on first-hand knowledge of
the TMI accident, but rather on the detailed findings of our own inquiry, as they relate to nuclear power,
on the official report of the Ontario Government investigating team, and on several articles that have
been published in the scientific literature. These comments have special relevance to our conclusions
and recommendations, given in later sections of this chapter.
• The accident was caused by a combination of human error, equipment failure, and poor information display. Subsequently, the sequence of events that led to the ultimate serious accident was due
to a combination of instrument and mechanical failure, and the failure of human operators to
make the correct responses. The sophisticated automatic controls, predicated on computer operations, appear tohave worked perfectly. Indeed, this is the basic reason why a major accident of very
serious proportions did not occur.
• The failure of the Nuclear Regulatory Commission to ensure that operating rules were strictly
adhered to was a contributory cause. A resident inspector might, a priori, have identified the
specific fault conditions.
• Reactor 2 of the station appears to have been "dangerously out-of-control" for at least 24 hours,
and probably 48 hours, after the initiation of the accident. This suggests a lack of effective communication and co-ordination between utility, regulating agency, and government personnel.
• In a presentation to the Ontario Hydro Board of Directors (April 9, 1979), a senior member of
Ontario Hydro's staff stated:
This was an extremely serious accident in termsof the amount of radioactivity released from the fuel
pins. Also it was serious because it appears to have been caused mainly by operator action.
We concur with this view. Human operator performance was considered in the Interim Report. While
we are not in a position to comment meaningfully on TMI operator training programmes, we believe
nevertheless that it is simplistic to refer to "human errors". Brought into question is the selection of
personnel and their training. We have noted, in particular, a recent comment by a former chairman of
the General Advisory Committee to the U.S. Atomic Energy Commission:
We were concerned lest reactor operations be left in the hands of operators with insufficient depth of
knowledge and sense of responsibility and that unnecessary mistakes or carelessness might then
occur, as apparently they did at Three Mile Island.13
• The evidence to date suggests that the health impact of the released radiation at the station was
virtually negligible. Indeed, a United States Interageney Task Group has estimated that fewer
than two fatal cancers and two non-fatal cancers would arise on a lifetime basis as a result of the
accident, among the entire population residing within 50 miles of the TMI site (approximately
2,100,000 people). But note that the total number of deaths due to cancer that would normally occur
over the lifetime of this population would be in the order of 325,000.!t> The consensus is that,
although the release of radioactive material was extremely low, the public were given a distorted
picture and this gave rise to serious psychological problems.
• The U.S. Nuclear Regulatory Commission, and also the Canadian Atomic Energy Control Board,
rely to a great extent on computer analyses of postulated reactor accidents. It is obvious that the
TMI accident sequence, and its consequences, were not adequately simulated or taken into account
in the operation of existing plants. As a result, there were no specific guidelines for dealing with,
for example, the hydrogen bubble situation. The lesson is, if such phenomena are predictable, that
appropriate guidelines for dealing with a consequential accident should be developed and made
available.
• Perhaps the most disturbing aspect of the accident related to the lack of co-ordination of the
information released to the public. Indeed, the public relations aspects appeared to be in a chaotic
state. Press and media received conflicting reports from different sources, e.g.. the utility, the
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Nuclear Regulatory Commission, and the State Governor's office. This clearly exacerbated the
psychological impacts referred to above.
• Because of major differences in design philosophy between the light-water reactors of the TMI
type and CANDU reactors, an identical accident sequence would be unlikely at a CANDU station.
However, it is not inconceivable that a sequence of equipment, instrument and human malfunctions in the operation of a CANDU reactor could be postulated that would give rise to an accident of
the same level of severity as that at TMI. It is for this reason that the lessons learned as a result of
the accident are so important in the operation of nuclear reactors all over the world, regardless of
their specific nature.
CANDU and TMI. Since the accident, there has been much public discussion of the comparative levels of
safety of CANDU reactors and reactors of the TMI type (pressurized light-water reactors - PWR).
Although judgements of this kind, in so far as they involve human operator behaviour, cannot be
assessed quantitatively with confidence because the data are not available, Ontario Hydro has pointed
out that there are neve, iheless some unique characteristics of the CANDU reactor that appreciably
enhance safety. For example, according to Ontario Hydro, the following attributes of the CANDU
reactor would minimize, and probably prevent, an accident sequence such as occurred at TMI.
• The larger amount of water available in the "deaerator" and storage tank in the CANDU feedwater system w ould have prevented the flow of condensate from stopping suddenly as it did at TM I
- water would continue to flow to the boilers to provide cooling at full reactor power for five
minutes, or for 30 minutes after reactor shutdown.1'
• In the TMI accident, cooling of the reactor was restored about eight minutes after the failure of
the feedwater pumps to deliver water to the boilers. If a similar situation had occurred in a CANDU
station, there would have been no interruption of cooling (via the steam generators), because the
plants have a large reservoir of water available that would provide cooling for about 20 minutes.
This is because there is a larger inventory of water in the CANDU recirculating boiler than in the
PWR design.
• A high-pressure separate shut-down cooling system that can be directed into the reactor cooling
system provides a second line of defence for the removal of reactor heat under conditions that
applied to the accident.
• The "failed open" relief valve that caused a continuing loss of reactor cooling water, which wa>
deposited on the floor of the containment building, is a situation that could not arise with CAN D U.
The CANDU system is designed to withstand 10 times as much pressure. The corresponding relief
valve discharges the cooling water into a high-pressure vessel, which, when full, would terminate
the discharge.
The above CANDU characteristics, Ontario Hydro says, considerably reduce the possibility of a TM1type accident occurring, for example, at the Bruce or Pickering generating station. According to
Ontario Hydro, there are other features of the CANDU system that should also be taken into account in
any comparison between CANDU and PWR safety:
• The power density of the CAN DU reactor core, per unit volume, is only one-tenth that of the TM I
reactor.
• The heavy-water moderator, which has an independent cooling system, provides a massive heat
sink that appreciably enhances public safety.
• CANDU nuclear stations have a large vacuum building that automatically becomes part of the
reactor containment system when pressure builds up as it does in the event of an accident. The
combination of containment system and vacuum building causes the pressure inside the containment to drop to below the surrounding atmospheric pressure, thereby minimizing the risk of
leakage of radioactive gases to the environment.
The above information has been extracted from Ontario Hydro's presentation to the Select Committee
on Ontario Hydro Affairs.18 While accepting the utility's specific claims with respect to the CANDU
nuclear system and its operational advantages over the TMI nuclear system, from a safety point of
view, we have noted that several significant factors were not mentioned. First, there was no reference
in the presentation to the fact that the emergency core cooling (ECC) system of a pressurized lightwater reactor is essentially a high-pressure system, whereas the corresponding CANDU system relie.on lower-pressure gravity feed of the emergency core coolant. The former is markedly more effective.
Furthermore, questions have been justifiably raised concerning the efficacy of a potential CANDU
pressurized ECC because of the pressure-tube configuration. Second, in the light of several Bruce A
"significant event reports" (see below), we have concluded that, not only might certain aspects of the
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TMI accident occur in a CANDU system, but some have in fact already occurred. Accordingly, the
accident has more important lessons for Ontario Hydro, in the design and operation of CANDU reactors, than might be recognized on the basis of Hydro's presentation to the Select Committee. We have
noted in particular that:
• A loss of feedwater supply, in one or more units of the Bruce A station, has occurred on several
occasions.
• The auxiliary feedwater pumpshave failed to start when required.
• An operator error has resulted in over-pressurization of the "bleed condenser" (this is analogous
to the TMI "quenching tank"), with the loss of some heavy water to the vault.
• In connection with the above, there was operator failure to detect the leak age of heavy water.
• Excess concentrations of deuterium (heavy hydrogen) have occurred in CAN DU systems (cf. the
TMI "hydrogen bubble" phenomenon). Indeed, a deuterium explosion occurred at the Bruce Generating Station - fortunately at a time when the reactor concerned was shut down.
• Leaks have occurred in the steam generators of unit 2 at Bruce, and these have resulted in the
leakage of some radioactive water outside the containment building.
Noteworthy is the fact that each of the above events is identical, or analogous, to a corresponding event
in the TMI accident.
Reactor Operators. The TMI accident validated the view, expressed in the Interim Report, and supported independently by the Lewis Task Group, that operators in nuclear power stations have crucial
roles in assuring public safety.19 However, we have concluded that an acceptable level of risk in the
operation of a CANDU station cannot be achieved by exclusive reliance on the human element. For
example, all CANDU safety systems (excluding the containment system) are computer-controlled.
Consequently, the reactor is shut down automatically when a range of monitoring signals (notably
relating to neutron flux density in specific regions of the reactor core, pressure increases at various key
locations, indication of loss of regulation, etc.) shows that a condition exists that might pose a threat to
reactor personnel and to the public.
Operators may either make matters appreciably better during an accident situation or make them
appreciably worse. The TMI accident was aggravated by operator error and poor design of controlroom information display, both human errors. Accordingly, the question must be raised - how can the
risk of operator error, associated with the operation and maintenance of CANDU reactors, be reduced
to an absolute minimum, bearing in mind the special conditions that arise in the operation of a nuclear
power station? Even a cursory examination of some of the Bruce A significant event reports (see next
section) suggests that human error is still a significant factor in the operation of CANDU reactors, and
it is fortunate that ths results of human errors have been coped with effectively up to now.
A major conclusion of the Lewis study group was that there are insufficient relevant data relating to
reactor operator performance and that, until a systematic programme for developing and assessing
the data has been carried out, the uncertainties in the estimates of risk in nuclear reactor operation will
remain. We believe that the data contained in Ontario Hydro's significant event reports, if adequately
analysed by an independent group, would help appreciably in minimizing these uncertainties. Furthermore, such an analysis would provide an excellent basis for improving communications channels
and management practices and, not least, developing better quality control procedures to identify
defective components before they are installed. Each of these areas relates to the effectiveness of the
human factor.
There is no doubt that the TMI accident has put reactor operator selection, training, and performance
into better perspective, and that important changes in present practices will probably be made. For
example, and this point was made by the Presidential Commission on TMJ. prior to the TMI accident
operator performance was based primarily on the economic performance of the plant rather than on
safety. From this Commission's standpoint, we are gratified that the Interim Report was probably the
first of its kind to stress the significance of the human factor in nuclear reactor safety, and we recall
that there was considerable criticism of our findings in this regard prior to the TMI accident. Although
we do not reiterate here our specific findings relating to the training of reactor operators and the
purpose of reactor simulators, we stress their continuing significance.
The Bruce Generating Station Significant Event Reports. Asa direct consequence of the TMI accident.
several "unsolicited documents" in the form of Bruce A Significant Event Reports were forwarded to a
member of the Ontario Legislature and subsequently passed to the Select Committee of the Ontario
Legislature on Ontario H\ dro Affairs. Copies of these reports were made available to the public in April
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1979.20 Because of time constraints, we have not been able to examine these documents in the depth
they deserve. But it is clear that they offer a representative sample of abnormal events at th<- Bruce
generating station that have safety implications. The reports show that some events similar UJ those
that initiated the events at TMI have already occurred at the Bruce generating station. The f.M that
these events were handled effectively by the station staff, and that some subsequently gave rise to
design changes, is encouraging. Nevertheless, we draw attention below to certain related factors,
identified in the reports, which provide further evidence of the need for improved procedures and
operational research. Of the seven event reports we received,21 four (SER 79-9, 78-22, 77-50, 77-53)
provide evidence of inadequate communications between the shift supervisor, operators, the chemical
laboratory, etc. For instance, in connection with an event related to an increase of deuterium concentration in moderator cover gas (cf. the hydrogen bubble of TMI), we note that several errors contributed to the delay in taking action:
• A communications breakdown between operators and chemical technicians pointed out the need
for great care in relaying accurate and complete information, irrespective of the pressures of other
activities (SER 77-50).
• Human operator errors, some quite serious, were identified in three of the events (SER 77-50,784, 78-22). In connection with the "increase of deuterium concentration" event mentioned above,
for example, there was an error on the part of the Shift Supervisor in not investigating immediately a very high deuterium alarm (SER 77-50). In another event (SER 79-9) it is noted that
"subsequent operations bent the spindle", and the "limit switch coupling was found broken". In
this latter connection, the Station Manager commented: "The failure was compounded by the
decision to attempt to shut the valve 'more' when it had already over-travelled."
• The Shift Supervisor and/or First Operator were identified in five of the events (SER 77-47, 7750, 77-53, 78-22, 79-9). For example, in the situation that involved a "deuterium explosion", apparently triggered by a welder's torch, no sampling or purging of the cover gas had been undertaken
for more than a week prior to the incident (SER 78-22). Further, we noted that although the
explosion occurred at 11:20, the chemistry laboratory reported "a better follow-up could have been
done if we knew of the problem before 14:30" (SER 78-22). We noted, also, in the reports such
statements as "clear labelling needed" (SER 78-1), as well as "valve opened for no apparent reason" (SER 78-1).
• The Station Manager's comments recorded on the significant event forms in five of the seven
cases were quite inadequate (SER 77-47,77-53,78-4,78-22,79-9). Indeed, in some cases (SER 78-4,
78-22) the comments did not even mention the recommendations and comments of, presumably,
the Shift Supervisor; in other cases they appear to be irrelevant. It seems to the Commission
extremely important that the senior officer's remarks regarding a significant event should provide
management and design staff with cogent comments and recommendations. For example, there is
no excuse for the "logging and turn-over" of details of an incident from one shift to the next shift
not being undertaken (SER 79-9). A Shift Supervisor unaware of action^ taken during the previous shift could be in a difficult position. In this specific event the Station Manager's comments did
not even mention this seriouslack of communication.
• Our impression is that abnormal events at the station are handled very largely through strict
adherence to the "Operating Manual Procedures" (SER 78-4). And we regard this as good, and
indeed as essential, practice. However, it is clear from several of the significant event reports (SER
77-50, 78-22) that certain situations are not covered in the Operating Manual - as was the case at
TMI. This suggests the need for additional scientific and professional support in the operational
teams.
• There is no reference to the Resident Inspector of the AECB in any of the reports. We believe that
some indication of the awareness by the inspector of specific incidents and his comments would
significantly improve existing practices.

Conclusions and Recommendations with Respect to Reactor Safety

Fig. 5.1: p. 79

In reaching the following conclusions and recommendations relating to the safety of CANDU reactors,
we have been guided by the findings of the Interim Report, as well as by some of the Bruce significant
event reports, by the Lewis report, and by official reports on the TMI accident.22
• The p r e s e n t structure of the Design a n d Development Division of Ontario Hydro (see F i g u r e 5.1)
shows t h a t t h e nuclear safety section is only one of a large n u m b e r of sections, a n d t h e implication
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is that its importance is equivalent to such sections as "i dvanced nuclear concepts" and "nuclear
analysis".
We recommen d that:
5,2 A new division devoted exclusively lo nuclear power safety, reporting directly to the Executive
Vice-President (Operations) of Ontario Hydro should be established.
• This division, although independent of the group responsible for normal operational activities,
should co-operate closely with it. In particular, the new division should be interdisciplinary and
should include nuclear physicists, chemists, biologists, mechanical and electrical engineers, human
factors specialists, and metallurgists. The normal activities of the new division should include:
studies of the safety and performance of nuclear power stations and heavy-water plants, involving
in-depth analysis of significant event reports; the development of event-tree and fault-tree analyses; and the designing of simulator-trainers, and research on human factors that relate to reactor
safety.
We recommend that:
5.3 The new safety division recommended for Ontario Hydro should establish a small emergency
task force, available 24 hours a day on an "on call" basis. This force should be one that could be
transported expeditiously in an emergency, by road or helicopter or both, to an; nuclear generating
station in the province.
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5.4 A systematic attempt should be made by Ontario Hydro to look for patterns in operating and
accident experience available from both CANDU and other reactor systems. These patterns should be
fed back into the process of setting design, operating, and safety cri'eria.
In the light of the significant event reports, we recommend that:
5.5 Operational procedures and especially the reporting systems at CANDL" stations should be
critically assessed to improve communication.
5.6 The current CANDU control room and indicator design should be reviewed and assessed from a
human factors perspective to ensure that the equipment will display clear signals on reactor status to
the operator under both normal and accident conditions.
5.7 The educational requirements and training programmes for all nuclear supervisory, operational, and maintenance personnel should be critically reviewed.
• We believe t h a t at leasttwo senior membersof a shift should possess a university degree, preferably in e n g i n e e r i n g science (the nuclear power option) a n d should as well have u n d e r t a k e n an
appropriate " h a n d s o n " t r a i n i n g p r o g r a m m e , a n d should have at least two years of experience as
operators. These m e m b e r s of t h e team should be capable of assessing unexpected events a n d
t a k i n g appropriate action. It is clearly desirable to have personnel on site who u n d e r s t a n d t h e
dynamics of nuclear reactor behaviour in some depth. Senior nuclear station operator personnel
should be given salaries and status c o m m e n s u r a t e with their resoponsibilities. The skill a n d care
with which they do their job may play a significant role in e n s u r i n g the safety a n d \f ell-being of
very large n u m b e r s of people.
We recommend that:
5.8 Provision should be made for the continuous updating and monitoring of the performance of all
reactor operators and maintenance personnel; there should be much more imaginative use of simulators in this regard.
• To enhance the competence and, indeed, the vigilance of operating personnel, especially first
operators, "retreats" should be organized at frequent intervals. These might take the form of twoday workshops or seminars on various aspects of reactor operation. They might be attended by
several shift supervisors and reactor operators, members of the staff of the proposed safety division, and two or three academic persons.
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We recommend that:
5.9 The Atomic Energy Control Board should establish a human factors group to ensure that human
factors concepts and engineering become central elements in the safe design, construction, operation,
and maintenance of Ontario's nuclear stations. Further, human factors concepts should be reflected
in the licensing requirements for both nuclear stations and their key operating personnel.
• The importance of effective contingency planning to minimize the potential effects of a nuclear
accident was clearly demonstrated at TMI. Despite the low probability of a serious nuclear accident, contingency planning must be viewed as an integral and central part of nuclear safety and
the licensing of plants. While we are encouraged by the apparent effectiveness of the contingency
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planning at the railway accident in Mississauga (November 1979), it is uncertain whether the
public response to a nuclear incident would be so orderly.
We therefore recommend that:
5.10 All aspects of contingency planning should he assessed in the light of the experience at Three
Mile Island, and a comprehensive plan for each nuclear facility should he made publicly available. The
public must be aware of these plans, which must he rehearsed regularly if they are to be credible.
Special attention should be paid to preparing in advance for the sensitive and accurate handling of
information duringan accident.

• We do not endorse the recent recommendation of the Ontario Select Committee on Hydro Affairs
that an in-depth study be undertaken to analyse the likelihood and consequences of a catastrophic
accident such as a core melt-down at a nuclear power plant.24 Our reasons are:
• There is no evidence that a CANDU reactor safety study of this magnitude would be
successful. Indeed, evidence to date as provided by the Rasmussen report and the Lewis
report suggests that it would be virtually impossible for such a study to come up with a
definitive conclusion. A basic reason for this, and it will be clear from the previous discussion, is that it is impossible to include in such a study the vagaries of human operator
performance that affect nuclear safety. Note, in particular, the findings of the TMI
investigations.
• Even ignoringthe human factor, the methodologies involved in such investigation? are
extremely complex. Apart from mathematicians, scientists, engineers, and computer specialists within the "nuclear establishment" (i.e., Ontario Hydro and AECL), there is very
limited expertise in Canadian universities and industries in the methodology of "eventtree" and "fault-tree" analysis applied to reactor safety. How, therefore, could an independent task force be assembled?25
• In the light of the Rasmussen/Lewis studies, it is highly probable that the metuodc !< >gy
and results of such a CANDU study would be unacceptable to many Canadian scientists.
Far from enlightening the general public, such dissension would probably create even
more confusion than exists at present.
• We believe that, instead of embarking on a very costly mission that is virtually doomed
to failure, much higher priorities should be given to human operator studies, to the.- indepth analysis of significant event reports, and to the safety studies at present in hand at
the Whiteshell Nuclear Research Establishment and the Sheridan Park Power Projects
Division of AECL.
Because of the safety record of Ontario's nuclear power stations - more than 60 reactor-year* of
operating experience, during which no member of the public has been killed or injured as a result of a
nuclear accident - and because of the more than 1.600 reactor-years of experience, on a world-wide
basis, during which there has been no major release of radioactivity, we reaffirm our earlier finding to
the effect that CANDU reactors are safe within reasonable limits. Ho\vever,*in view of the additional
information made available to the Commission since publication of the Interim Report, especially
relating to the TMI accident, we cannot overemphasize the importance of continued vigilance. The
fundamental consideration in connection with nuclear safety is attitude. The only attitude that will
maintain public confidence is one that openly recognizes that nuclear plants are by their very nature
potentially dangerous, and therefore recognizes the necessity of continually questioning whether the
measures in place are sufficient to prevent major accidents.

Uranium Mining and Milling
Since publication of the Interim Report, new information relating to the low-level radiation associated
with the mining and milling of uranium has become available. Although our hearings did not cover in
detail the front end of the CANDU fuel cycle, we have nevertheless reached some general conclusions.
First, we reaffirm our endorsement of the recommendations of the Royal Commission on the Health
and Safety of Workers in Mines (the Ham Commission) that relate specifically to the health and safety
of workers in the Elliot Lake uranium mines. However, in the words of Dr. E.P. Radford, Chairman of
the BEIR III Committee:
It is regrettable that beyond the preliminary data presented by Ham in the Royal Commission report
of 1976, no further follow-up data on the Ontario uranium miners have been made public.26

In view of the inadequacy of the data relating to the long-term effects of exposure to low-level radiation, it is clear that there is an urgent need to follow up all cases of known exposure, especially those in
conditions that are reasonably well established. In this regard, Dr. Radf ord argued:
It is my opinion that an adequate and continuing epidemiologic evaluation of this large group of
Ontario miners offers one of the best opportunities to understand the many complexities of this
important issue. Indeed, such a study is an obligation of government to the miners.
A further significant observation by Dr. Radford related to new evidence showing "that cigarette
smoking is not as crucial a factor in the radiation-induced cancer as has been thought". Apparently, in
the cases of miners exposed to excessive low-level radiation, the main effect of smoking is to reduce the
latency period. Accordingly, cancer can be indeed either by smoking or by working in the uranium
mines; when the two are combined, the time until the onset of detectable cancer is reduced.
We understand that, as a result of the introduction of modern ventilation techniques, the radon
daughter levels have been appreciably reduced in the Elliot Lake uranium mines, and this is encouraging. However, we strongly endorse Dr. Radford's view to the effect that there should be continuing
epidemiologic evaluation of the Elliot Lake miners and that the data should be made public.
The subject of uranium tailings was addressed briefly in the Interim Report. However, because of the
lengthy hearings conducted by the Environmental Assessment Board in connection with uranium mill
tailings at Elliot Lake and, in view of our previous conclusion relating to an independent review of the
problem, there is need for an update.
Although the additional radioactivity, released to the general environment, that can be attributed to
mill tailings is small, the emanations are essentially never-ending. Consequently, significant health
implications can be postulated, especially for people living or working in the vicinity of the tailings
deposits. There are already approximately 100 million tonnes of tailings in the Elliot Lake area. I n view
of the expansion of Ontario's (and the world's) uranium industry, it is clear that major steps are needed
to clean up abandoned mill-tailings areas and to ensure the isolation of functioning mill-tailings ponds
and areas. This should be a high-priority operation.27
The principal hazards associated with uranium mine and mill tailings are:
• exhalation of radon-222 from tailings
• leachatesfrom tailings and settling ponds containingacids, heavy metals. radium-226,andother
radionuclides entering ground water and waterway systems
• movementoftailingscontaining radionuclides due to water and wind forces
There is insufficient quantitative knowledge at present concerning the pathways whereby radionuclides can reach man and the biosphere from tailings areas. While standards have been established
concerning radiation exposure of persons exposed to tailings (500 millirem) and the content of radium
in drinking water (10 pCi/L), no standards can be established for abandoned tailings until these
pathways are better understood.
*
It is clear that future research to mitigate the environmental and health effects of tailings must place
high priority on pathways analysis, which should reveal the extent of the problem. Concurrently, work
must proceed on improved methods to stabilize existing tailings against movement, leaching, and
exhalation. Equally important, however, is the need to find methods of removing more of the radioactive waste within the mill circuit before the tailings become exposed to the biosphere.
Since uranium tailings occur in Saskatchewan as well as in Ontario, and since other provinces, notably
British Columbia and Newfoundland, also contain economic uranium deposits, the problem is national
in scope. The existing 100 million tonnes of tailings in Canada are expected to triple over the next 20
years.
We endorse the present efforts of Energy, Mines and Resources Canada to establish a national programme for uranium mine and mill waste research. While each individual mine will require sitespecific treatment of its tailings, some problems are common to all mines. Generic areas that would
form the core of the national programme include:
• pathways analysis involving the development of pathways models
• modelling the source of radioactive substances in tailings, including comparisons with existing
tailings
• measurement of the environmental effectsof existing tailings
• understanding the chemistry of radionuclides in tailings
• conducting general research on disposal techniques that can be applied to all types of tailings
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It is clear that Ontario should underwrite its share of this work, in addition to the site-specific activities
being pursued by the uranium-mining companiesoperating in the province.
It is not known with any degree of certainty whether any person has contracted cancer as a result of
radiation exposure due to mill tailings; an in-depth study of the whole problem is clearly essential.
Indeed, this has been recognized by the Ontario Ministry of the Environment and especially by the
Environmental Assessment Board (EAB), which conducted public hearings in the Elliot Lake area. The
Final Report on a Public Hearing by the Environmental Assessment Board into the Expansion of fix
Uranium Mines in the Elliot Lake A rca was published by the Ministry of the Environment in May 1979.
about eight months after the publication of the Interim Report. The EAB's report deals with the health
and environmental implications of the mill-tailings ponds in the area and their potential extension,
and considers the concerns we raised in September 1978. We endorse the findings and recommendations of the EAB with respect to uranium tailings and draw particular attention to the following:
• With respect tothelong-termimpactoftailings.current knowledge islimited. It is evident to the
Board that considerable effort and time is required before solutions to the long-term aspects of
waste management can be found.28
• The Board recommended that the companies immediately commence studies to determine the
extent and quantity and impact of radium deposited downstream from discharges of tailings
effluent, and to determine ways and means of removing the deposits if this should be required
(Recommendation 10-7).
• The Board found that the long-term impermeability of tailings basins - specifically dams containing the tailings-cannot be guaranteed (Recommendation 10-9).
• The Board found little evidence to give it confidence in the use of synthetic membranes, asphalt,
cement, or chemical means to cover tailings areas to inhibit water infiltration during the long term
(Recommendation 10-19).
• The Board found that the mill tailings have the greatest potential impact on the natural environment of all the activities related to the mines' expansion (Recommendation 10-30).
• The Board recommended that intensive studies be undertaken by the mining companies with
the assistance of CANMET (Canadian Centre for Mineral and Energy Technology) into ways of
stabilizing pyrite in the tailings (Recommendation 10-34).
• The Board recommended that all research programmes in the area of waste management be
required to produce results within three to five years from May 1979 (Recommendation 10-37).
• The Board recommended that no new tailings areas be approved at least until the results of
research projected for a period of three to five years from May 1979 can be evaluated (Recommendation 10-38).
• The Board recommended that there be a publichearing in 19S4 into the developed waste management techniques and that, if necessary, funding mechanisms for intervenors be established (Recommendation 10-41).
I
• The Board recommended that careful consideration be given by the province and the AECB to
requiring the monitoring of effluents from tailings basins during the post-operations period - at
least until trends are established (Recommendation 11-12).

Conclusions and Recommendations with Respect to Uranium Mining and Milling
Because of the uncertainties surrounding the health consequences of the exposure of humans to chronic
doses of low-level radiation, it is important to ensure the minimization of risks (resulting from the
ingestion and inhalation of radiation) to uranium mine and mill wor k ers and to the general public.
We recommend that:
5.11 Continuing epidemiologic evaluation of Elliot Lake miners and uranium mill workers should
be undertaken. The public should be informed of the progress of these studies.
5.12 Ontario should contribute its share to any national programme for uranium mine and mill
waste research.
5.13 Measures should be taken to ensure that the costs of long-term tailings monitoring, management, and K&D are reflected in the cost of uranium fuel rather than becoming a general charge to the
Ontario taxpayer, not least because most of the uranium is currently being exported {over 90 per cent).
5.14 The future expansion of the nuclear power programme in Ontario, and in particular the uranium mining and milling portion of the fuel cycle, should be contingent on demonstrated progress in
research and development with respect to both the short- and the long-term aspects of the low-level
uranium tailings waste disposal problem, as judged by the provincial and federal regulatory agencies
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and the people of Ontario, especially those who would he most directly affected by uranium mining
operations. It would be unacceptable to continue to generate these wastes in the aW-nce of clear
progress to minimize their impact on future generations.

The Management and Disposal of Spent Nuclear Fuel
It is important to distinguish between non-reprocessed and reprocessed spent fuel, and to recognize
that high-level radioactive wastes, resulting from nuclear weapon production as well as from nuclear
power stations, are accumulating in many countries.29 There is clearly an urgent need to develop
ultimate disposal facilities to ensure that these wastes are isolated from the world'c ecosystems. The
Interim Report considered in some detail the nature of the spent fuel management and ultimate
disposal problem, and particularly the steps being undertaken by Canada to deal with it.
It is improbable that Ontario Hydro will be forced to resort to plutonium-239 reprocessing of spent
uranium fuel (to enhance the security of nuclear fuel supplies) or to the thorium/uranium-233 reprocessing fuel cycle before the year 2010. Therefore, the immediate concern facing Ontario is the
storage of spent fuel in on-site water-filled bays at nuclear power stations. It may also be possible to
store spent fuel at a station site in retrievable form for a period of between 50 and 100 years in large
concrete silos.30
On the assumption that there will be no reprocessing of spent fuel (and consequently no accumulation
of high-level radioactive liquid wastes) before the end of this century, we restrict the discussion to the
management and potential disposal of non-reprocessed spent fuel.31 In fact, a simple alternative to
reprocessing is to dispose of the spent fuel in the form in which it is removed from the CANDU reactor,
i.e.. as durable ceramic pellets of uranium dioxide (and a very small proportion of plutonium dioxide)
sealed in non-corrosive tubes of zirconium alloy.
In the Interim Report we made extensive reference to the independent studies conducted by the Hare
Study Group and Professor Uffen;32 this rra1:erial is still relevant. The purpose of this section is to
update the Commission's earlier findings.

The Ontario Hydro and Canadian Programme
We have concluded that the current practice of storing spent CANDU fuel bundles in special waterfilled bays at Ontario's nuclear power stations (i.e., Douglas Point, Pickering, and Bruce) is both safe
and effective. The radioactivity, and consequently the thermal energy, of the spent fuel bundles diminishes rapidly during the first few years of storage and continues to diminish, less rapidly, thereafter.
We have concluded, further, that on-site storage facilities should be available at all nuclear stations in
order to accommodate a station's spent fuel until a permanent disposal facility is available, probably
between 2000 and 2010. Consequently, the on-site facilities will be required to store the accumulated
spent fuel resulting from the operation of Ontario's nuclear generating stations for the next 2ftto 30
years. The present and projected situation is shown in Figure 5.2 and Table 5.1 which show, respectively, the spent fuel generation rates and the storage capacity of the Pickering, the Bruce, and potentially the Darlington generating stations. Note, in particular, that the Pickering generating station
has enough storage capacity in two main bays and an auxiliary bay to accommodate station operation
until 1996. As well, Bruce A and Bruce B can store all their spent fuel until the year 2000 and 2007,
respectively. Darlington will have storage capacity adequate for about 25 years of station operation.
Ontario Hydro's original policy was to provide sufficient storage for six years of station operation
combined with the storage required to "dump" all the fuel bundles in one reactor core. However, the
existing policy, which will apply to all new stations, is to build storage capacity for up to 20 years of
tation operation (presumably auxiliary bays could be built to extend this period). It has been estimated
hat
the total accumulated volume of spent fuel in Ontario, to the year 2000, will be approximately 9,000
t
m3(i.e., 120m x 25m x 3m).
Ultimately the spent fuel stored in on-site bays, or on-site silos, at the nuclear stations will have to be
transported to a permanent disposal facility or, in certain circumstances (not foreseen for at least 30 to
40 years), to a spent fuel reprocessing facility.33 Ontario Hydro is responsible for the development of
the high-level radioactive waste transportation technology. As at present envisaged, the spent fuel
would be transported in large flasks, each weighing 50 tonnes and capable of handling 3.5 tonnes of
spent fuel bundles.
We have concluded that, even in its present state of development, the technical problems for the safe
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Fig. 5.2:p. 80

Tattle 3.1 On-site Storage Capacity of Ontario Hydro's Nuclear Generating Stations (1979-2007)
Storage capacity
(bundles)

Bundles generated
annually (60% ACF)

Bundles
to 2000

Capacity
lull In

Pickering
A
B
Auxiliary

84,000
160,000
234,000

13.300
13,300

360,000
225,000

1979
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Bruce
A
B

390.000
407,000

23.000
25,500

530,000
380,000

1994
2001

Darlington

486.000

25,500

310,000

2007

Source.- RCEPP

transportation of spent fuel from nuclear power stations to a permanent disposal facility (or to a
reprocessing facility) are not intractable.
Canada's major spent nuclear fuel management, research, development, and demonstration programme is essentially a co-operative effort involving AECL, the Canadian Geological Survey, and
Ontario Hydro.34 The programme is co-ordinated by the Whiteshell Nuclear Research Establishment,
Pinawa, Manitoba. Although the majority of the basic laboratory and testing facilities are located at
Whiteshell, research and development activities in connection with the handling of high-level radioactive material are being undertaken in universities, industries, and research institutions across
Canada.
Members of the Commission and staff visited the Whiteshell Establishment on July 25-26, 1979, to
obtain a first-hand briefing relating to the spent fuel management programme. We understand that
three phases are envisaged - concept verification, site selection, and the construction and operation of a
demonstration disposal facility. The target date for completion of the demonstration facility is the year
2000.35
The main briefing during the Commission's visit concerned the concept verification phase. We were
given an opportunity to assess progress to date by visits to the laboratories doing research on geotechnical problems, the immobilization of spent fuel and radioactive wastes, the environment, and the
sorption properties of "buffer" and "back-fill" materials. The briefing and laboratory visits helped
materially to put into perspective the risks associated with the management and disposal of spent
CANDUfuel.
In parallel with the programmes of other countries, the Canadian effort is concentrating on the ultimate disposal of spent fuel (non-reprocessed or reprocessed) in deep underground stable geologic
formations. (Techniques for immobilizing both reprocessing wastes and the normal spent fuel bundles
are, in fact, in process at Whiteshell - both options are being kept open.) It is anticipated, and there is
international consensus on this point, that high-level radioactive materials can be isolated in this way
from the earth's ecosystem during the long period necessary to ensure that they are comparatively
harmless; after about 700 years, the remaining radioactivity is about the same as that of uranium and
thorium deposits in the earth. Clearly, the basic requirement is to ensure that radioactive material is
not allowed to penetrate into the biosphere through ground-water movements, glacial action, or
accidents.
The first objective is a study of the geological, hydrogeological, physical, and chemical characteristics of
hard-rock formations in the Canadian Shield; these are known as "plutons", in recognition of their
volcanic origin. To determine the suitability of specific hard-rock formations, it is necessary to drill to a
depth of about 1,000 m and undertake extensive laboratory testing (for fractures, porosity, ion-exchange characteristics, etc.). Drilling programmes will be undertaken in Ontario during the next two
years. It cannot be emphasized too strongly that, without comprehensive research based on deep drilling of the igneous rocks of the Canadian Shield, the long-term programme of nuclear spent fuel
disposal cannot succeed.
If hard-rock disposal of the spent fuel proves non-viable, other alternatives such as salt domes, the
ocean bed, and shales may prove to be effective. It is important to note that, because the question of
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radioactive waste management and disposal has international connotations, other countries are involved in the study of these alternatives. Canada is kept in touch with these alternative developments.
As a direct result of the hard-rock drilling programmes and the subsequent laboratory experimentation, it will be possible to deduce the "containment characteristics" of various rock formations, in
several locations. But, because of the very long periods involved in the decay of some of the aetinides, it
is impractical to study the potential migration of radionuclides experimentally through cracks and
fissures. The alternative is to undertake computer model studies, known as "pathway analyses", and to
develop associated validation tests.
To ensure isolation from the biosphere, not only must the geologic containment system provide an
effective barrier to prevent the escape of radionuclides and actinides (e.g., through ground-water
movement), but other barriers are also essential. In the first place, the spent fuel must be immobilized in
the sense of effective local containment. This containment must resist leaching by water and must
maintain a suitable stable form for several hundred years, during which period most of the radioactive
products of fission will have decayed to comparatively low levels. The first containment barrier must
also be capable of withstanding bombardment by high-energy radiation and the associated high temperatures (i.e., in the order of 200C). However, if it is assumed that the spent fuel has been stored on
site in water-filled bays, the level of radioactivity and the corresponding temperature will have moderated appreciably.
The fuel immobilization methods at present under consideration, on the assumption that there will be
no reprocessing of spent fuel and hence no high-level radioactive liquid wastes, are based on the
containment of the intact fuel bundles. For example, the design of simple primary (thick- and thinwalled) containment systems consisting of a single corrosion-resistant outer shell capable of containing the spent fuel bundles for about 500 years (the high-toxicity phase) is under way. For the very long
term, in the order of several thousand years, after which toxicity remains virtually constant, it is
proposed that the simple containment system will be extended and multi-barrier systems will be developed. In these, the fuel bundles will be matrixed, probably with lead, and the matrix will be surrounded
by both sorptive and reactant particulates that will retard the escape of radionuclides. Alternative
spent-fuel forms might also rely on vitrification or ceramic containment techniques; these techniques
have been developed extensively in Canada and several other countries. The outer shell will probably be
fabricated in corrosion-resistant ceramic or copper.
Still another formidable barrier is required to absorb any radioactive wastes that may penetrate the
aforementioned containment. It will be completely surrounded by many tonnes of a mixture of bentonite clay and quartz sand. The sheer mass and physical and chemical characteristics of the various
containment barriers will determine for how many years they will remain stable.
To ensure full co-operation and consultation in nuclear spent-fuel management, the governments of
Canada and Ontario have established a co-ordinating committee, under the chairmanship of Dr. S.R.
Hatcher, Vice-president. AECL. Representatives of Energy, Minesand Resources Canada, the Ontario
Ministry of Energy, and Ontario Hydro serve on the committee. Furthermore, a technical advisory
committee has been appointed to review the programme and to advise AECL. Membership of this
committee, under the chairmanship of Professor L. Schemilt of McMaster University, includes representat: >es ci the Canadian Association of Physics, the Canadian Federation of Biological Sciences, the
Canadian Geoscience Council, the Canadian Institute of Mining and Metallurgy, the Chemical Institute of Canada, and the Engineering Institute of Canada. This committee, with a membership of 10
distinguished Canadian scientists and engineers, will monitor the spent nuclear fuel management
programme on behalf of the peopleof Canada. We have confidence in their ability and integrity, and we
believe the people of Ontario will be able to trust their technical judgement. This process will constitute
an important form of peer scientific and technical review. However, a more broadly based and pub'ic
review will ultimately be needed if the results of the nuclear waste management programme are to be
credible and acceptable to the people of Ontario.
While the science and technology of managing and disposing of high-level radioactive wastes appears
to be advancing purposefully, the social and political aspects of the problem are much less tractable, not
least because they have been virtually ignored. Indeed, we believe that these problems transcend
science and technology and that the debate will be conducted with increasing emphasis on politics and
ethics. Unless consensus is achieved on a broad basis, the resulting uncertainties, delays, and cost
escalation will impact negatively on the scientific programmes.
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It is important that appropriate mechanisms be put in place to ensure a meaningful dialogue between
the critics of nuclear power and the proponents. It must be obvious to all that the waste disposal problem
will not vanish. The problem must be resolved within the next two or three decades. It will require cooperation among individuals of all shades of opinion. In particular, it will call for a degree of reasonableness and compromise on the part of both critics and advocatesof nuclear power.
We have concluded that the social, educational, and psychological aspects of the nuclear waste management issue are even more significant than the scientific, engineering, and economic aspects.

Conclusions and Recommendations with Respect to the Management and Disposal
of Spent Fuel
• The reprocessing of spent fuel will not be required in Ontario before 2010 at the earliest. If
uranium resource constraints require that commercial reprocessing and advanced fuel cycles be
considered, this will become a matter for public discussion in order to ascertain whether the risks
and benefits of this technology are acceptable to the government and people of Ontario. Ontario
Hydro is interested in exploring the possibility of using slightly enriched uranium fuel (1.5 per
cent uranium-235). If this proves feasible, it would result in a more efficient use of finite uranium
fuel resources zr.d would postpone the day when reprocessing would be economical or necessary.
• The interim storage of spent fuel in on-site water-filled bays, and the possible option of on-site
storage in concrete silos, is safe and effective.
We recommend that:
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5.15 All existing and planned Ontario Hydro nuclear stations should be retrofitted or designed for
the interim storage on site of their spent fuel for the next 30 years by which time a disposal facility
should be available.
• We have concluded that, even in its present state of development, the technical problems for the
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safe transportation of spent fuel from nuclear power stations to a pe » manent disposal facility (or to
a reprocessing facility) are not intractable.
• We are satisfied that the existing scientific research and testing programme looking to a demonstration facility for the safe and permanent disposal of Ontario Hydro's spent nuclear fuel shows
promise.
• It is absolutely essential to ensure public confidence in the waste management programme.
However, the socio-political implications of managing the wastes have not been adequately assessed. Because we are dealing with wastes that will be potentially hazardous for at least 500 to
1,000 years, socially acceptable steps on a continuing basis must be taken to ensure that the longterm risks are minimal. The social, health, psychological, and political aspects may be more important, for arriving at an acceptable solution, than the geological, ecological, and engineering aspectsof waste management.
• The technical and social aspectsof the problem should be dealt with in parallel. Trie waste-disposal
issue provides an opportunity for inter-disciplinary study that was not possible during the early
stages of the nuclear power programme, when the technology was the sole concern; few people
were then aware of the potential environmental, health, and social concerns.
• Field studies and tests (such as those being undertaken by AECL) are an essential first step in the
identification of geological structures and patterns that meet the technical criteria. However, the
criteria must be established on the basis of socio-political as well as technical consensus.
• The technical advisory committee that has been established to review AECL's R&D programme
constitutes an important form of peer technical and scientific review.
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Accordingly, we recommend that:
5.16 An independent "nuclear waste social advisory committee" should be established to ensure
that broad social, political, and ethical issues are addressed. This committee should be chaired by an
eminent Canadian social scientist.36

• We reaffirm the Interim Report conclusion that the future evolution of the nuclear power programme in Ontario must be predicated on demonstrated progress in the waste management R&D
programme. It would be unacceptable to cont;nue to generate these wastes in the absence of clear
progress to minimize or eliminate their impact on future generations through the availability of a
technically credible and socially acceptable nuclear waste disposal facility.
Beca use we a re concerned that this vital R&D effort not be rushed, and since we have confidence
in Ontario Hydro's ability to store spent fuel safely on site for an interim period (to between the
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years 2000 and 2010) until a final nuclear waste repository will likely be available, we have
revised our Interim Report view on this matter. We recommend that:
5.17 If progress in high-level nuclear "aste disposal R&D. inlioth the technical sense and the social
sense, is not satisfactory by at least 1990. as judged by the technical and social advisory committees,
the provincial and federal regulatory agencies, and the people of Ontario — especially in those
communities that would be directly affected by a nuclear waste disposal facility — a moratorium
should be declared on additional nuclear power stations.
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The Economics of Nuclear Power
It is salutary to reflect on the cost of the TMI accident, even excluding the not inconsiderable social
costs. According to one estimate, the cost to bring the reactor back into service will probably exceed
$500 million, and, assuming a three-year clean-up, refurbishing, and recommissioning period, the cost
of coal-generated energy to replace the nuclear energy is expected to be significant.
The purpose of this section is to update Chapter 7 of the Interim Report, with special reference to the
coal-nuclear choice, and to Canada's nuclear industry.3'
Assunii ng. for example, a 3.5 per cent annual compounded load growth, Ontario's major nuclear generating stations in service by the year 2000 will include Pickering A and B, Bruce A and B, and Darlington. Depending on whether or not there is much greater reliance on imported power (especially from
Manitoba), and on the extent to which co-generation plants are introduced, the maximum additional
nuclear power requirement would be another "Darlington-type" generating station. It is assumed that
n uclear power stations operate in a base-load mode.3p While it is conceivable that the additional nuclear
generating station could be replaced with an equivalent coal-fired station, the possibility of this is
remote.
A recent cost comparison of a CANDU nuclear station and a coal-fired station indicates that the
general conclusions of the Inti rim Riport relating to the costs of new nuclear and new coal stations still
apply.39
The sensitivity of the nuclear-coal cost comparison to alternate assumptions, especially when three
sample annual capacity factors (ACF) are assumed, is shown in Table 5.2. The cost advantage of nuclear
power increases as the ACF increases and, correspondingly, the "time to break even" (i.e., the time
from a 1987 in-service date for the "accumulated present worth" of nuclear and fossil to break even)
decreases markedly as the ACF increases. Assuming a 40 per cent ACF, the nuclear advantage is
reduced to 8 per cent, especially if the price of coal remains as forecast. Note, however, the marked
sensitivity of the "nuclear advantage" to changes in the annual discount rate, as well as to the assumed
fossil-fuel price escalation. Furthermore, the nuclear-coal cost comparisons, on a life-cycle basis, vary
dramatically with the capital cost of nuclear power. The corresponding accumulated future discounted
cash flows, based on years beyond the assumed 1987 in-service date, are shown in Figure 5.t5, for ACFs
of 40 per cent and 80 per cent. These graphs also demonstrate, convincingly, the cost advantage of
nuclear power, especially at high ACFs, and the cost advantage of United States coal compared with
Canadian coal.
However, these data should not be interpreted tooliterally because several unknown factors (especially
social costs) have not been included in the comparative costing. Some uncertainties are:
• thecostsof stricter environmental and safety requirements, especially on a life-cycle basis
• thecostof managingandultimatelydisposingof nuclear spent fuel
• the cost of fuel, especially coal, over a 30-40 year operational life
• the interest accumulated during the construction phase of a generating station (the longer the
lead time the greater the uncertainty)
• the cost associated with unexpected problems such as the pressure-tube retubing required at
Pickering A and Bruce A
Notwithstanding the above uncertainties, we believe that comparative cost studies of CANDU and
coal-fired generation should be continued in the light of changing circumstances: an up-to-date assessment of comparative life-cycle costs will be of value to decision-makers.40
Because heavy-water production is an important component of the economics of nuclear power, we
summarized in the Interim Report the potential of Bruce Heavy Water Plants A. B, and D, and the
supply situation to the year 2000.1 n the light of the downward revision in the load forecast, and a likely
maximum nuclear component to 2000 of one additional 4 x 850 MW generating station (after the
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Table 5.2 Summary of Sensitivity Analysis
At 60% ACF
Nuclear
Time to
1
advantage' break even
(years)
(%)

At 40% ACF
Nuclear
Time to
advantage* break even'
(%)
(years)

39

7
i
8

39
30
21

9
11
12

16
8
2

16
20
27

25
33
39

46
49

8
7

27
30

11
11

7
8

22
20

35
33

61

6

39

9

15

16

29

78

5

53

7

25

13

25

6
7

51
30
13

9
11
15

24
8
-4

14
20
>30

26
33

-2'%

76
49
28

44

+20%

39

8

23

CNI

4

24

37

As forecast
-20%

49

58

7
7

30
36

11
10

8
12

20
18

33
30

+20%
Best estimate
-20%

55
49
43

6
7
9

36
30
23

8
11
14

15
8
1

14
20
28

28
33
39

Nuclear capital cost

+20%
Best estimate
-20%

36
49
65

10
7
5

18
30
44

16
11
7

-2
8
22

>30
20
11

42
33
23

In-service date

Nuclear delayed one
year (fossil on
schedule)
Both stations on
schedule
Fossil delayed one
year (nuclear on
schedule)

41

10

25

13

7

23

35

49

7

30

11

8

20

33

53

"7
1

32

10

9

20

31

Parameter varied from
reference case*

Value of Parameter

M 80% ACF
Nuclear
Time to
advantage' break even0
(years)
(%)

Annual discount rate

8.5%
9.75%
11.0%

49

Fossil-fuel mix

100% U.S. bituminous
90% U.S. + 10% Cdn.
bituminous
50% U.S. + 50% Cdn.
bituminous
100% Cdn. bituminous

Fossil-fuel price escalation +20%
As forecast

Nuclear fuel price
escalation

Fossil capital cost

60

'•>

lifetime
ACF'
(%)

Notes:
I
a) The reference case in the sensitivity analysis is always the second line of data in each of the seven parameter studies. In each study only one paran-.ete• is
varied from the reference case.
b) "Nuclear advantage" is the margin by which the accumulated present worth of the nuclear alternative is more economic at year 30.
c) "Time to break even" is the time from 1987 in-service for the accumulated present worth for fossil and nuclear to break even.
d) "Lifetime ACF" is the annual capacity factor at which the accumulated present worth for fossil and nuclear break even. This ACF is the same in each of t"e 30
years.
Source: Ontario Hydro, "Cost Comparison of 4 X 750 MW fossil-fuelled and 4 X 850 MW CANDU Nuclear Generating Stations". Report No. 584SP Jaijarv
1979.

Darlington generating station), Ontario Hydro's heavy water requirements would be as shown in
Figure 3.6, in Volume 2 of this Report. Note that, by the year 2000, Bruce Heavy Water Plants A and B
together will be able to supply a 30,000 MW nuclear programme.
During the nuclear power public hearings the question of economy of scale was raised. We now reaffirm
the position first stated in the Interim Report that concerns the potential development of a 1,250 M W
CANDU reactor. The reasons we have given previously are now reinforced by the Commission's view
th at the load growth will be even smaller than we previously assu med.
Accordingly, we recommend that:
5.18

No further development of the 1.250 MW CANDU reactor, even in the concept stage, should be
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undertaken by Ontario Hydro. Any additional nuclear base-load power stations in the post-Darlington period should be based on 850 MW CAN 1)1' reactors. We believe that such standardization will
facilitate reactor safety as well as optimizing the annual capacity factors of these stations.
The future of Canada's nuclear industry, as we first intimated in the Interim Report, remains a cause
for concern. At the time the Interim Report was prepared, the "minimum order level" for economic
viability of the Canadian nuclear-components industry was assumed to be 1,200 MW per year (Figure
8.2 in the Interim Report). For the period 1980 to 2000, orders totalling 24,000 MW (i.e., 28 X 850MWor
seven Darlington-type power stations) would therefore be required. Unless there is a marked increase
in foreign exports of CANDU, it is impossible that this minimum order level will be achieved. Two
major reports on Canada's energy future have been published since the publication of the Interim
Report. These reports suggest that the nuclear component of electric power generation in Canada by
the year 2000 may total in the order of 60,000 to 70,000 MW.41 We believe these projections are misleading to government, and especially to the Canadian nuclear industry, because they are predicated on
obsolete or incredible Ontario Hydro and AECL forecasts.42 Advancing the in-service date of a committed Ontario nuclear station by several years before the power is actually needed in Ontario may offer
some relief to the industry if United States export markets are available, but the situation is clearly
becoming very serious.
We recommend that:
5.19 The Ontario government should advise the federal government that Ontario's requirements
will be insufficient to ensure an order level of one reactor per year and, therefore, that the maintaining
of CAXDU as a viable option for the future suggests a need for urgent federal initiatives to fill the
order gap. Our estimate of the likely total installed nuclear capacity in Ontario to the year 2000 is in
the order of 17,500 MW; this means one additional 3.400 MW four-reactor nuclear station after
Darlington, and it could be a high estimate, depending on, for example, actual load growth, success
with conservation, co-generation, and potential imports of hydroelectric energy from Manitoba or
Quebec. If the industry wishes to survive, it must begin to search for opportunities to diversify.

Uranium Supplies
In t h e Interim Report we expressed concern about the uranium requirements associated with t h e
massive programme then envisaged by Ontario Hydro's (LRF48A) system expansion plans. These
requirements appeared to exceed the maximum production capacity likely to be available to Ontario by
the end of the century. Major developments have since occurred t h a t effect these concerns.
• Because of the 1979 and 1980 downward revisions in Ontario Hydro's load forecast (now 3.4 per
cent annual growth to 2000), the availability of uranium will not be as critical a factor in Ontario
Hydro's nuclear power programme as was envisaged in t h e Interim Report.
• The nuclear power growth p a t t e r n s in the western industrial nations indicate a m a r k e d reduction in growth rate. On a global basis this will relieve t h e pressure on uranium supplies to some
extent. On t h e other hand, the spent fuel reprocessing p r o g r a m m e s envisaged four or five years
ago have been appreciably slowed down, and this will to some extent tend to sustain pressure on
demand.
• To t h e year 2000, the period of major concern to t h e Commission, Ontario Hydro's annual needs
for uranium will not exceed 2,500 tonnes if one additional Darlington-sized station is built in the
1990s (3.5 per cent load growth to 2000) and nuclear units operate a t 80 per cent ACF. Consumption
may be as low as 1,800 tonnes if no more nuclear capacity beyond Darlington (the current commitment) is built before 2000 (3.0 per cent load growth) and existing units operate at an average ACF
of 70 per cent, as a result of the retubing required at Pickering A and Bruce A.
• Ontario Hydro's existing massive uranium contracts could provide life-time fuelling at an 80 per
cent ACF for all committed capacity plus one additional Darlington-size station required before
2000 for a load growth of 3 . 5 p e r c e n t p e r a n n u m ( s e e F i g u r e 5 . 4 ) .
Fig 5.4 .p 52
• Given current load forecasts and existing contracts, t h e d e m a n d for additional sizeable quantities or uranium for domestic or Ontario use will not manifest itself before 2000. With no immediate
domestic m a r k e t s available, producers will continue to seek to export. (In 1977, Canada exported
91 per cent of its uranium production.) There will be a tendency for lower-cost, higher-grade
deposits to be exported over the next two decades. It therefore becomes a question of whether
lower-grade ore will be economically recoverable at a later date. Policies will have to be developed
that protect domestic utilities such as Ontario Hydro t h a t might wish to exercise t h e nuclear option
after 2000 while still allowing Canadian producers access to a lucrative international market. As
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we indicated in the Interim Report, uranium is likely to be subject to an unpredictable and highly
complex set of forces that will be amenable to only minor control by the government of Ontario.
Table 5.3 Uranium Resources Recoverable. Canada
— . ^ — — _ — — ^ — — — ^ ^ _

Category
Measured
Indicated
Inferred
Total
Adjusted reserve

^

!
.

i

Thousands ol tonnes

80
155
302
537
415

Notes: Resources are no longer broken down by province, to protect the confidentiality of the holdings of specific companies. Estimates are of reserves
recoverable at up to $175/kgU.
Source: "1978 Assesssment of Canada's Uranium Supply and Demand". Energy, Mines and Resources Canada, June 1979.

Because of concern over the availability of a secure, stable supply ot uranium, several countries that
lack indigenous supplies (i.e., France, Germany, Japan) are actively and rapidly developing fastbreeder reactors. The Science Council of Canada in a recent report entitled "Roads to Energy SelfReliance"43 recommended, embarking upon a major CANDU advanced uranium/thorium reactor
R&D programme at a total cost of $ ] .75 billion. Does such a proposed programme, especially in the light
of reduced load forecasts, fit into any Ontario Hydro future planning concepts?
We recommend that:
5.20 Although it is important to keep open the thorium fuel cycle option by engaging in an R&D
programme, a firm decision to go ahead with a major demonstration and/or commercial programme
should be delayed at least until 1990, and then made only if it is acceptable to the public after
appropriate dialogue and study concerning the full implications and impacts of such a project.

I ndeed, only after the future of Canada's nuclear industry has been clarified can the thorium fuel cycle
proposal be put into an adequate perspective. There is no possibility that Ontario Hydro will be reliant
on a second-generation CANDU fuel cycle before the year 2010, at the very earliest. Therefore, at this
time, we do not endorse a thorium fuel cycle demonstration project with the concomitant spent-fuelreprocessing facility.
We recommend that:
5.21 Nuclear power should no longer receive the lion's share of energy R&D funding, and R&D
priorities in the nuclear field should be focused primarily on the human factor in reactor safety, on
the management and disposal of wastes at the front and back ends of the fuel cycle, and on the
decommissioning of nuclear facilities.

Socio-Political Issues

j
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Governments are faced with a major dilemma. They must balance the economic merits of nuclear
power including, in the case of Ontario, the availability of a high level of professional expertise, the
maintenance of a highly skilled work force, the availability of indigenous nuclear fuel, and the existence of a large number of jobs, against the potential health and environmental hazards of nuclear
power, the concern about the ultimate disposal of high-level radioactive wastes, the containment of mill
tailings, and the concern expressed by many people relating to the ethical implications of nuclear
power.44
Value judgements of a particularly complex kind are involved in nuclear power decisions. In particular,
we have concluded, an assessment of the acceptability of the risks and benefits of nuclear power and
decisions about these matters must include an assessment of the social, ethical, and political implications of its use. Nor can these decisions ignore the risks associated with alternative generating technologies. For example, as will be discussed in Chapter 9, the health and environmental consequences of
burning fossil fuels are by no means trivial. Because the ultimate decisions are the responsibility of
government, and government responds to public opinion, the need for a higher level of understanding
of the nuclear issue by the public is an educational issue of central significance.
Is a higher level of scientific literacy among the public at large essential as a prerequisite for public
participation in decisions relating to nuclear power? We are not convinced that it is. We have noted, for
example, especially during the public hearings, that scientific literacy pe r se has by no means prevented
the deep and bitter divisions that exist amongst highly qualified and respected scientists with respect
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to virtually all aspects of the nuclear fuel cycle. Furthermore, the divisions between scientists on the
nuclear issue have given rise to confusion in the minds of many people who have felt justified in
summing the matter up by saying that "the best-informed appear to be the most confused". I f, as some
claim, the nuclear power controversy is more quasi-religious than technological, then, in the words of
R.L. Meehan: "Exposure and examination of the ideological aspects of the issue, using both traditional
liberal arts and contemporary social science techniques, might do more to restore rationality than
widespread improvement of scientific literacy."45

The "Mind-Set" Syndrome
The report of the Presidential Commission on the TMI accident makes repeated reference to the mindset of the nuclear industry.
After many years of operation of nuclear power plants, with no evidence that any member of the
general public has been hurt, the belief that nuclear power plants are sufficiently safe grew into a
conviction. One must recognize this to understand why many key steps that could have prevented the
accident at Three Mile Island were not taken. The Commission is convinced that this attitude must be
changed to one that says nuclear power is by its very nature potentially dangerous, and, therefore,
one must continually question whether the safeguards already in place are sufficient to prevent
major accidents. A comprehensive system is required in which equipment and human beings are
treated with equal importance.4
This syndrome, we believe, applies in some degree to Ontario Hydro. Indeed, we drew attention to one
manifestation of it in the Interim Report (pcgi 81) when we said that "there is some circumstantial
evidence that criticism [of operating procedures]... is not always welcomed by management personnel". Further, as we have already noted in connection with the Bruce significant event reports, there
does not appear to be a systematic search for generic warning signals that may presage nuclear reactor
abnormalities.
An underlying social problem of some concern is exemplified by the cases of two former Ontario Hydro
employees, Messrs. Taves and Kaponerides, ivho felt their concerns with respect to safety were not
being taken seriously by the utility,47 and other similar cases in the United States. A professional
scientist, engineer, or reactor operator is committed to protect the health and welfare of society at
large, but he also has a sense of loyalty to his employer. When fundamentally important societal issues
such as the safety of nuclear power plants and the disposal of spent nuclear fuel are at stake, it is clearly
desirable to ensure that some credence be given to the dissenting opinions of perceptive employees.
Dissent on the part of an employee should not be equated with disloyalty. Indeed, dissent is vital to
ensure the vigilance necessary for the safe operation of nuclear facilities.
In some respects, the question of "professional dissent" is inextricably related to the issue of the rights
of the individual. If employees' freedom of speech is to be protected, especially in such sensitive areas as
nuclear reactor safety, some new ground rules are required. Ewing, for example, has suggested the
concept of a new Bill of Rights for employees.48 We believe this is worthy of detailed study, not only
from the point of view of protecting an employee's human rights but also to protect the general public.
Furthermore, we have concluded, such a step might enhance the confidence of the public in technologies
characterized by very-low-probability accidents but with very high consequence levels; such technologies include nuclear power and airline operations. In a real sense, each employee should act as a "regulator" in his or her own right. There must, of course, be protection for the management of the utility, who
are required to comply with regulatory criteria and procedures. How might both employee and management be protected in cases of dissent such as those mentioned above? The issue is of fundamental
concern.49
Accordingly, we recommend that:
5.22 Procedures should be established to ensure fair handling of bona fide cases of professional
dissent. Procedures should include the following concepts:
• Concerns should be expressed in writing and considered by a special review group consisting
of representatives of management, professional engineering staff, and at least one outside
expert.
• The review group should obtain evidence from the dissentingstaff member's colleagues.
• The review group should assess management's response to the concerns.
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Nuclear Decisions
The decision-making process, in the context of the whole inquiry, is considered in Volume 8, and in
Chapter 12 of this volume. However, because decisions that relate to n uclear power are of a special kind,
we summarize below our main conclusions.
• The central issue in Ontario's electric power system, as perceived by the people, is the role nuclear
power should play. Many people appear largely to discount the scientific and technological data and
information relating, for example, to the safety of nuclear power stations and the ultimate disposal
of high-level radioactive wastes.
• Novel and imaginative wa}'s are needed of involving the public in decisions relating to nuclear
power, and, indeed, in energy and environmental problems, in general. At the same time, understandable information relating to these decisions must be available. Further, and most important,
because the complexity of the health, social, and political dimensions of nuclear power are at least as
important as the technology, the information base should be biased towards the socio-political
implications.
• There should be a determination on the part of government to ensure that decision-making is
more open, and, unless national and public security implications dictate otherwise, all information
relating to nuclear power systems should be made available to the public.
• Ontario Hydro and the government should ensure, to provide a sound basis for decision-making,
that future hearings relating to nuclear power have a primary commitment to the candid exploration of the issues. To facilitate this openness, legitimate public interest groups concerned with the
major nuclear issues should be supported financially.
• To inspire more confidence, especially in those who are most affected by nuclear power decisions,
quantitative and qualitative assumptions should be open to public scrutiny.
• It is essential that the AECB, before finalizing licensing criteria, especially concerning nuclear
safety, should hold public hearings. Only in this way will public trust and confidence in the regulatory body be enhanced.

Regulation of Nuclear Power
With declining load growth and the resulting diminishing prospects for a large nuclear programme, it
is our belief that the licensing of new facilities will not be a major aspect of nuclear regulation in
Ontario during the next decade. Instead, attention should be focused increasingly on the management
of existing plants, and on compliance with regulations. Vigilance by the regulatory authorities wil1 be
essential, and greater emphasis will have to be placed on the role of the human operator in reactor
safety. It will be essential, for effective compliance and public confidence, that the Atomic Energy
Control Board continue to widen the gap between itself and the utilities it regulates. However, events
at TMI have strengthened our conviction that the burden of proof for demonstrating the health and
safety of its nuclear power plants should be placed squarely on the utility.
\
In the Interim Report, we endorsed the AECB's responsibility to regulate nuclear developments for the
purpose of protecting health, the environment, and safety. Further investigation leads us to reaffirm
that this allocation of responsibility is appropriate, if for no other reason than that there appears to be
no evidence that the health and safety of the citizens of Ontario have been jeopardized by the presence
of the federal regulatory agency. However, we also indicated that co-operation between the federal and
provincial authorities is needed if undue delay, expense, and uncertainty are to be avoided. The AECB's
involvement with the Select Committee of the Ontario Legislature and their discussions with the
Ministry of the Environment about the appropriate agreements for co-operation are most encouraging. We believe that this type of co-operation is essential for the future. In the Interim Report, we
indicated that, starting in 1978, the AECB began to make rules and guidelines for all aspects of the fuel
cycle. This is a major undertaking and one that must be done with considerable thought. The slow-down
in the nuclear power programme suggests that there may be adequate time to prepare guidelines and
rules in a manner that is understandable to the public.
We recommend that:
5.23 Standard-setting for the nuclear fuel cycle should be done in an open manner, including opportunities for public participation in the process.

We believe that earlier and more active participation than was permitted during the study by the
I nterorganizationalWorking Group should be undertaken in the future.
The importance of compliance and monitoring cannot be underestimated. As much attention as has
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been directed in the past to the assessment of proposals for development should also be applied to the
development of programmes for the monitoring and supervision of performance standards. A full
regulatory process that includes an extensive programme of compliance could make a significant
contribution to the assessment of future projects as well as aiding in interim enforcement. Greater
attention to compliance should include greater attention to the role and responsibility of the resident
inspector.
We recommend that:
5.24 The role of the AECBon-site resident inspector should be strengthened and the reports of the
inspector should be made public.

Both the public and the government have a right to know what actions have been taken to ensure the
safety of nuclear facilities. We reaffirm our conclusion that the principle of "openness" in the regulatory process is essential to public confidence. Public participation, including access to all relevant information and documents, should be recognized and implemented as quickly as possible.
The regulatory process has concentrated to date, justifiably, on the issue of nuclear reactor safety.
Consequently, the independent advisory committees established by the AECB are essentially scienceand technology-based.
While we support fully the concept of the AECB independent scientific advisory committees, in
view of the compelling social and environmental implications of nuclear power, ue recommend
that:
5.25 Advisory committees based on the social sciences should be established by the Atomic Energy
Control Board.

We believe this to be particularly important in connection with the nuclear proliferation issue, the
siting of nuclear power stations, and the social questions relating to the management of high-level
radioactive wastes. The role of the social advisory committees should be largely educational, and they
should pay special attention to the question of ensuring adequate communication between the AECB
and the public.
Because Ontario Hydro and the AECL (and indeed all electricity utilities that operate nuclear power
stations and nuclear research establishments) rely extensively on the utilization of sophisticated computer codes and fault-tree methodology in reactor safety analysis and pathway analysis techniques in
radioactive waste disposal research, there is clearly a strong case for the AECB to strengthen considerably its mathematical and computer section. Special attention should be paid to probability theory and
statistical analysis.00
To ensure that the people of Ontario can have confidence in the process that regulates nuclear
power, we recommend that:
5.26 Appropriate steps should be taken to guarantee that the AECB has adequate human and financial resources. The AECB, or its eventual successor, must not become a victim of government spending
restraints.
5.27 The Government of Canada should ensure the separation of the promotional and regulatory
aspects of nuclear power by drafting appropriate legislation to replace the Atomic Energy Control
Act as a matter of the highest priority. This would ensure that the AECB and AECL would report to
separate ministers, reflecting their very different roles, thereby avoiding public confusion and possible conflicts of interest of the sort that have in the past strained public confidence in the regulatoryprocess.
5.28 The Atomic Energy Control Board should expand its membership to include a broad representation of the general public as well as members of the scientific and technical community.
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Figure S.I Structure of tte Design and Development Division of Ontario Hydro
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Figure 5.2 Spent Nuclear Fuel Generation in Ontario
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Figure 5.3 Accumulated Discounted Cash flow versus Years from 1987 In-Service Date loi Three Types ol Station (9 75% D v.ojnl Rate)
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Figure 5.4 Uranium Supply and Demand (Ontario Hydro)
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