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ABSTRACT

This report is the second brief, and one of a number
of documents, submitted by Atomic Energy of Canada Limited
(AECL) to the Ontario Royal Commission on Electric Power
Planning. It is intended to update the original brief
(AECL-5800) with respect to those matters that emerged
during the course of the hearings and which had not been
fully anticipated in that brief, as well as to summarize
the AECL position on the various issues. To enable it to
qualify as a "final argument" it contains only evidence or
material that has been presented to the Royal Commission
and is provided with marginal notations identifying the
source of each section. It is AECL's position that the
Canadian nuclear power program provides a safe,proven and
efficient means of making a needed contribution to electricity
supply, while strengthening the economy through the deployment
of indigenous technology and resources.
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I. Scope and Limitations of this Submission

Atomic Energy of Canada Limited (AECL) has

participated fully in the proceedings of Ontario's

Royal Commission on Electric Power Planning (RCEPP).

We submitted a brief (Exhibit No. 158)*in response to

the Commission's Issue Paper No. 1 on nuclear energy;

we appeared for cross-examination by the Commission and

interested parties on 13 days during the debate-stage

hearings; we cross-examined other participants in the

debate-stage hearings where we believed that this would

make a useful contribution; we were represented at almost

all the debate-state hearings; we participated in various

seminars, workshops and public debates sponsored by the

Commission; and we submitted correspondence and publica-

tions to the Commission where appropriate.

These activities have occupied the better part

of a year. During this period there have been develop-

ments in both the technical programs and in public per-

ceptions. The issue of radioactive waste management is

probably the most striking example. Since our brief did

not fully anticipate all the issues raised during the

debate-stage hearings, this submission is intended as a

supplement, bringing the brief up-to-date and summarizing

our positions on various issues as explained during the

hearings. The submission also summarizes answers that were

provided to all substantial criticisms of our position.

•Published as Atomic Energy of Canada Limited, report
AECL-5800, 1977.
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The source of each statement in this submission

is identified by a code number in the left-hand margin.

A number prefixed by "V" indicates the appropriate volume

and page number in the transcripts; a number prefixed by

"Ex." refers to the appropriate exhibit number; a number

in parentheses without any prefix refers to a consultant's

report or other RCEPP document, as listed at the end of

this submission.*

This section of the submission notes those of

the Commission's several areas of concern in which AECL

claims special competence. It also comments on aspects

of the national program which may be relevant to the

Commission.

The next section addresses criticisms and concerns

raised during the hearings. First, what appear to be areas

of general concern are discussed in some detail, then lesser

concerns and myths are noted.

In the third section we summarize AECL's position

on what we believe to be the four major technical issues:

- biological effects of ionizing radiation

- releases of radioactivity to the environment

- reactor safety, and

- management of nuclear wastes.

Public information sources are discussed in the

fourth section, to help understand some of the concerns

about nuclear energy expressed in various briefs presented

to the RCEPP.

•Transcripts of the proceedings are not published, but
copies are available in public libraries in Ontario.



- 3 -

Claims that nuclear energy is not needed, or

that a moratorium on nuclear development would be advisable,

are analyzed and refuted in the fifth section. Included

in this section are conclusions to the contrary by

prestigious bodies arrived at as the result of thorough

studies.

The concluding section lists the justifications

for our position, as stated at the beginning of this sub-

mission.

We recognize that the RCEPP has to consider

many aspects of electric power planning in Ontario in which

we in AECL have no special expertise. Even within the

limited area of nuclear energy, we have little original

information to contribute on how much nuclear electricity

will be required in Ontario. The production of electricity

in Canada is a provincial responsibility: Providing the

capability to produce it by nuclear means is, however,

AECL's responsibility. We have therefore discussed with

appropriate provincial authorities their expectations for

future requirements of nuclear energy, to ensure that the

Canadian nuclear industry will be capable of supplying

what may be needed. In compiling a likely aggregate demand

for nuclear energy we have satisfied ourselves that the

bases of these projections seem reasonable. In each

jurisdiction, including Ontario, the electric utility

has a more thorough knowledge than we do of the factors

affecting demand and of the relative merits locally of

alternative means of supply.
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Ex.252 Other major studies on energy matters have con-

cluded that if costly and unreliable imports are to be

avoided, hydroelectricity, coal and nuclear fuels will

have to provide increasing contributions to energy supply

through electricity production as supplies of conventional

oil and gas dwindle. The shares contributed by various

sources in any regions will be largely affected by relative

costs, provided that each satisfies relevant requirements

of safety and environmental protection. The most direct

cost comparison of which we are aware is available in

Ex.2-1 Ontario Hydro's submission to this Commission. Their
(Fig.2.1.8-1)
Ex.107 experience with the similar and contemporary plants at
(Fig.4)
Ex.328 Lambton and Pickering has demonstrated that nuclear elec-
(Fig.3.4)

tricity costs about half that from a coal-fired plant built

and operated under the same financial rules. Ontario Hydro's

analysis of their costs in the light of established infla-

tionary trends leads them to predict that nuclear energy's

cost advantage will tend to increase with time.

While Ontario Hydro is in a better position

than we are to discuss demand forecasts and cost comparisons

for Ontario, we should comment on national considerations.

To the extent that increased use of nuclear electricity

reduces the need for imported oil or coal we will be

improving our external trade account, our balance of pay-

ments and our security of energy supplies. Very large

sums are at stake. If in the year 2000 we suffer as little
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as a ten per cent shortfall in our national energy account

it would have to be made good by importing oil at an annual

cost probably over two billion dollars (in 1978 dollars),

if the oil is available. Major industrialized nations

with greater economic power than Canada will soon be

competing for dwindling oil supplies. Such a dependence

on foreign sources for a vital commodity could make us very

vulnerable to international pressures.

The substitution where possible of nuclear energy

for oil also has the beneficial effect of increasing

Canadian control in the energy sector, without having to

"buy back Canada". Our electric utilities are Canadian-

owned, mostly by the people of the provinces they serve.

Evidence presented by the Canadian Nuclear Association

Ex.260, p.2 (CNR.) and Ontario Hydro shows that about 80 per cent of the
Ex.25, p.42

Ex.328-11 cost of constructing a CANDU nuclear station is spent in

Canada; currently, the Canadian nuclear industry (including

uranium mining) employs over 30,000 people and represents

an annual business of over one billion dollars. Nuclear

energy supplies electricity from an indigenous and secure

fuel source, fabricated in Canada.

For the Canadian nuclear industry to remain

Canadian it must continue to be competitive with multi-

national corporations based on the US and European markets.

This will require a domestic market of adequate volume.

In a federal state where provincial utilities decide their

own needs, general adoption of the CANDU system can prevent
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Ex.312 balkanization of the Canadian market. W. Artiss of
V.194: 30,242

New Brunswick reminded the Commission that his province

depends upon Ontario's purchase of nuclear equipment to

maintain a viable industry that will be capable of supplying

New Brunswick's requirements as appropriate. In return,

that part of the industry located in Ontario will benefit

from purchases by other provinces. If the Canadian nuclear

industry is to develop in an orderly and efficient manner

it must have a good understanding of the probable market

it will be expected to supply. That is another reason why

the activities of this Royal Commission on Electric Power

Planning in Ontario are so important to the industry.
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2. Criticisms and Concerns

Ontario Hydro staff are the toughest and most

knowledgeable critics of the CANDU system. They have the

experience and expertise to detect any weaknesses that may

exist and will bear the penalty of any such weakness. They

have frank exchanges with both domestic and foreign utilities

that allow comparisons with other generating systems. We

therefore value most highly the endorsement in their re-

commendation for increased reliance on CANDU reactors. The

Atomic Energy Control Board (AECB), another independent and

extremely well informed body, has also expressed its confidence

in the CANDU system through its licensing of the reactors

and other nuclear facilities.

It is not sufficient that a technology satisfy the

responsible experts, it must also be acceptable to the public.

Briefs presented to this Commission show that nuclear energy is

not universally accepted in Ontario. Indeed, no technology

would be. before examining specific concerns the Commission

may wish to consider the extent to which they have heard

representative public opinion in the debate-stage hearings.

In 1976 a survey conducted by York University's

Ex.25(p.128) Institute of Behavioural Research showed that about 44 per cent

of all adult Canadians were unaware of the possibility of

generating electricity using nuclear energy: Of those that

were knowledgeable, about two-to-one were in favour of nuclear

energy. There is little evidence of change since then, or

of much popular interest in the subject that would indicate

concern over present trends. Despite the Commission's
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offering every encouragement to public participation, most

of those attending the debate-stage hearings seemed to be

committed protagonists or antagonists of nuclear energy.

e.g. Ex.80,226, The Commission may conclude that several of the
227,264,309

individuals and groups presenting essentially anti-nuclear

briefs were expressing sincere concerns over nuclear energy,

concerns that deserve equally sincere responses. We submit,

however, that simply expressing concern does not guarantee
e.g. Ex.129,133, sincerity and that some such groups were presenting deliberate

157,228

distortions. Indeed, Dr. Gordon Edwards, the chairman of the

V.189:29,134 Canadian Coalition for Nuclear Responsibility (CCNR), the

leading anti-nuclear movement in Canada, admitted that their

brief could not be considered to be either information or

public relations by their own definition, but should be

regarded as propaganda, albeit "in the non-pejorative sense".

Ex.228 PANDA, a group affiliated to the CCNR, provides an

illuminating case of an organization which claims to present

V.189:29,127 both sides of the argument. Edwards would not agree that

PANDA, or any other group, is typical of the CCNR's constituent

bodies but he assumed "that they are reasonably well informed".

V.189:28,970 PANDA representatives admitted that the material in their

brief was selective, biased and misleading. Although the

Ex.228,pp.4,5 brief was presented in the guise of seeking answers to

16 questions they conceded that they would continue their

V.189:28,972 opposition to nuclear energy regardless of what this

Commission's findings might be. The brief, which contained
V.160:22,463- many errors challenged during cross-examination, had been

22,582
widely distributed. We submit that this illustration could
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help to explain some unfounded fears of nuclear energy,

including those expressed in briefs by genuinely concerned

groups.

PANDA is typical of several groups opposing nuclear

energy in coming from an area that has little direct experience

of nuclear reactors. Those groups presenting briefs most

Ex.2 31 supportive of nuclear energy, such as the Ontario Hydro
Ex.308

Employees Union and the Federation of Engineering and Scientific

Associations (FESA), were the ones most knowledgeable of the

true conditions in the nuclear industry.

While we must answer the criticisms of nuclear

energy rather than the critics it is convenient to focus on

the arguments advanced by the OCNR for at least three reasons:

Ex.238 - of the briefs opposing nuclear energy theirs was the

most complete
V.169:24,651- - under cross-examination they were encouraged to express

24,668
and explain all their concerns, and

e.g. Ex.239,314 - some groups do little more than endorse OCNR's position.

Wherever another individual or group has expressed a concern

more effectively it is that argument that will be addressed

in what follows.

We have ensured that concerns identified in the

RCEPP's Issue Paper Number 1 have been included; also those

in P. Mueller's book "On Things Nuclear: The Canadian Debate".

V.169:24,652 There are four overlapping areas of general concern

regarding the use of nuclear energy for electrical generation:

(1) possible misuse of nuclear materials as weapons of

war or by terrorists
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(2) the biological effects of radiation, and hence the

effects of any radioactive releases or reactor accidents

(3) possible hazards to future generations of long-lived

wastes, and

(4) socio-political factors, especially centralization.

Ex.238 (p.10-7) Although the OCNR, in their brief, claimed that nuclear

V.169:24,651- energy is uniquely hazardous, under cross-examination they
24,655

were unable to defend this claim. The arguments presented

by AECL in each area are summarized in the following four

sub-sections.

2.1 Diversion to Weapons

Ex.224(p.5) The debate has been confused by the irrelevant

Ex.236(p.16) proposition that plutonium is unique. Only ir a narrow sense

is this true: It combines very high toxicity with potential

for being used as an extremely powerful explosive. However,

Ex.223-3 the existence of plutonium is not an issue. It existed in

prehistory, large amounts exist to-day, and it will continue

to exist in the future regardless of nuclear energy programs.

The real question is whether continuing development of

nuclear energy will significantly increase the chances of

plutonium being misused; only in that event would nuclear

energy constitute a unique hazard.

Ex.137 Starr and Zebroski listed seven routes to obtaining

v.172:25,328- fissile material for nuclear weapons, and noted that all of
25,330

these are easier, cheaper and quicker than power reactors.

They considered that within a few years even more routes

will probably be open.

V.163:23,153 According to A.B. Lovins, who represents
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Friends of the Earth in the UK, one of these routes is already

very easy. He reported that a German centrifuge expert

with only one assistant and a normal university machine shop

succeeded in three weeks in making a centrifuge to enrich

uranium.

Examination of the transcript reveals basic in-

consistencies in Lovins1 position that civilian nuclear power

should be stopped to prevent the proliferation of nuclear

weapons. First, shortly after reporting on the

V.163:23,159 German centrifuge expert he was claiming: "There are about

a thousand other ways to make bombs not using power reactors,

but any of those methods requires materials, skills and

equipment which, in a world which we are denuclearising in

the right way, would no longer be items of commerce. Efforts

to obtain them would therefore be conspicuous and difficult

" (emphasis added). Second, according to the transcript

V.163:23,158 he said: "I have argued in the last chapter on soft energy

paths, the nuclear power is not the main driving force behind

nuclear proliferation." If he meant this statement attributed

to him, his whole attitude on weapons proliferation is very

difficult to understand. Third, and most important, he would

V.163:23,112 deny the world the benefits of nuclear energy because he

believes one cannot rely on international treaties, yet

"international treaties would undoubtedly be among the

instruments used" to assure total nuclear disarmament. While

admitting that "one cannot make it absolutely impossible

V.163:23,113 for any country desiring bombs to make them" he would never-

theless trust our future to his belief that political and
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V.163:23,112 psychological instruments would reduce "incentives ^

opportunity for the use of nuclear energy" (including

nuclear weapons by his argument).

In assessing incentives it is important to remember

Ex.329(p.16 et that Article IV of the Nuclear Non-ProliferationjTreaty (NPT)
seq.) '

constitutes a bargain: The non-weapons states agree to fore-

V.163:23,114 go weapons in return for the benefits of peaceful nuclear energy.

However, Lovins does not explain this in his book "Soft

Energy Paths", and relegates even the barest mention of

V.163:23,115 Article IV to a footnote. In defence, he claimed "The chapter

is written at quite a sophisticated level for people familiar

with the subject". It is for the Commissioners to decide

whether Lovins, in presenting his book as an exhibit, really

intends his argument on this crucial subject to be

restricted to knowledgeable experts.

Ex.329(p.21) As stated by Mr. Justice Parker in his report on

the Windscale Inquiry: "I do not accept that the best way to

achieve a new bargain is to break an existing one".

The proliferation of nuclear weapons is a serious

problem and the Government of Canada continues to do all in

its power to avoid further such proliferation. In pursuit

of this objective it believes that it can be more effective

working with other countries to improve existing arrangements

than by withdrawing into isolation. Canada's successes in

negotiating improved safeguards agreements with other

countries and influencing the deliberations of the Nuclear

Suppliers Group (the so-called London group) support this

belief. Human deprivation of the basic necessities of life,
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food, energy and decent shelter, remains a major threat to world

peace. Such degradation of the human condition can to some

extent be alleviated by adequate energy supplies and it is

here that nuclear exports, under appropriate safeguards, can

make a contribution.

Canada has participated from the start in Inter-

national Atomic Energy Agency (IAEA) activities to provide

adequate "safeguards" for nuclear facilities. Some safeguards

are of a technical nature, others political, involving inter-

national agreements and undertakings by sovereign states.

Technical safeguards can detect and hence deter the diversion

of nuclear materials but they cannot on their own prevent it:

In this, they resemble a burglar alarm which, when backed

by a police force, is highly effective. A paper (AECL-5712)

Ex.322 co-authored by staff from the IAEA, AECB and AECL describes

the technical safeguards for CANDU reactors.

V.185:28,189, The present International Nuclear Fuel Cycle
28,192-28,194

Evaluation (INFCE) is an encouraging development. This study,

instituted as a result of the seven-nation Summit Meeting

of 1977 May in London, attended by Prime Minister Trudeau,

has as its objective a review over a two-year period of

methods by which the proliferation of nuclear weapons capa-

bility can be impeded without jeopardizing the increasing

role that nuclear power can play as a secure source of energy

worldwide. This group of 40 nations, including both nuclear

suppliers and users, provides the framework for seeking inter-

national consensus on the combined technical improvements

and political undertakings, which could then be administered
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by a strengthened IAEA.

As for the possible misuse of nuclear materials

from power reactors by terrorists, the once-through natural-

uranium fuelling of CANDU reactors is virtually impregnable

against any attempt to divert spent fuel and separate

plutonium to make a bomb. Furthermore, B.L. Cohen has shown

Ex.255 that, contrary to popular myth, dispersing plutonium would

be very ineffective as a terrorist weapon; there are already

available several chemical and biological agents both quicker

and deadlier. Similarly, today's society offers terrorists

plenty of potential targets less easily defended than nuclear

Ex.311-1 facilities yet capable of causing just as much, if not more,

harm.

2.2 Biological Effects

Much of the concern over nuclear energy can be

Ex.25(p.l28) traced to an irrational and exaggerated fear of the biological

effects of ionizing radiation. The terrorist's threat

depends on a fear of radiation. It is even possible that the

dread of nuclear weapons is associated more with their

radiation effects than with their explosive effects. This

fear is largely based on the myth that there is something

new and unique about radiation from nuclear energy. In

fact, mankind has evolved in a sea of radiation from the

beginning of time. Artificially produced radioactive species

have analogues in nature. The biological effects of

radiation have been studied for nearly a century and,

(1) according to the Flowers Commission Report: It is difficult

to think of any other form of pollution that has had its
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effects on man so well examined as has ionising radiation

There does appear to be more agreement over what can be

tolerated than there is for most ether pollutants"

(paragraph 187). Just the difference in natural radiation

Ex.25(p.A3-17, at two locations can greatly exceed what any member of the
ref.22)

public can expect to receive from a nuclear electric power

program.

Ex.238 (Ch.2) Although very high exposures to radiation can cause

immediate sickness and even death, the biological effects

most often associated with radiation are carcinogenicity

and mutagenicity. Here again there is absolutely nothing

V.169:24,67 0 unique about radiation or nuclear energy. Many pollutants

are carcinogenic and/or mutagenic; specifically, the com-

bustion products from organic fuels, such as the oxides

of nitrogen and benzopyrene. This fact is relevant to

several energy technologies, including oil-fired furnaces,

fluidized-bed coal-burners, gasoline engines, district

heating from the combustion of municipal wastes and even

domestic wood fires. In answer to the question: "Would

you say that less is known about the effects of these

V.169:24,673 pollutants (oxides of nitrogen and bensopyrene) than about

the effects of radiation?" P, Carroll, Chairman of the OCNR,

eventually said: "I don't know". In all these other appli-

cations the hazardous wastes are freely dispersed while

in nuclear energy almost all are contained.

Considering that most nuclear concerns may be

traced back to a fear of radiation, and that AECL's brief

to the RCEPP discussed the biological effects in detail,
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V.173,187 the small amount of cross-examination on this subject is

V.169:24,670 remarkable. It is hard to avoid the conclusion that public

Ex.25 fears of radiation are based more on psychological factors
V.81

. than on quantitative knowledge. Those briefs that express
e.g. Ex•2JO(Cn•£),

? f I ? ? ! ^ ? ^ 5 4 ' concern over radiation very rarely provide quantitative

' estimates or comparisons, although such analysis has been

Ex.318 shown to be possible.

2.3 Nuclear Wastes

Fear of radiation is obviously involved in the

concern over nuclear wastes, with the additional factor that

these wastes can be very long lived. An appreciation of the

facts puts the question of wastes in perspective. Nuclear

wastes will remain toxic longer than some others, notably

degradable chemicals, but not as long as many others, in-

cluding heavy metals like mercury, which last forever.

Ex.230-2(p.21) Within energy industries, the wastes from coal-fired plants

Ex.158(p.35) include everlasting arsenic, lead and mercury, as well as

long-lived radium, uranium and thorium. These wastes are

regularly dispersed into the atmosphere or used as land-fill

subject to surface-water leaching. Continued burning of

fossil fuels could also affect future generations through

climatological changes brought about by releases of carbon

dioxide. Even universally supported conservation projects

are distributing huge amounts of the long lasting carcinogens

asbestos and glass fibre without any plans for their future

recovery and disposal. By way of contrast, almost all

nuclear wastes are contained at source, have finite, well

known lives, are relatively compact and can be readily
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detected at extremely low concentrations. The only respect

in which they are unique is that there are already plans

for their safe and permanent disposal.

Future generations should not be required to

bear the risks associated with benefits enjoyed only by this

generation. However, in assessing risks to future generations,

the risk of an energy shortage with all its concomitant effects,

should be included. In nuclear energy we are bequeathing

to future generations a demonstrated energy source with the

option of a fuel supply sufficient for centuries if they

decide to recycle the spent fuel. Our own use of nuclear

energy will also allow us to leave them some of the fossil

fuels, that would otherwise be burned, for use in a host of

socially beneficial applications ranging from transportation

through petrochemicals.

2.4 Socio-political Factors

Ex.238(Ch.6,8) Nuclear energy is accused of putting at risk our
(2) (Ch.9)

social and political institutions. From testimony presented

Ex.86,129,154, to the RCEPP there is an indication that many of those
223,234,239,

290,305,315 questioning nuclear energy regard it as a symbol of modern

technology. Sir Brian Flowers suggested: "Nuclear power

(1) -provides a dramatic focus for opposition in some countries

to technological development and we have no doubt that some

who attack it are primarily motivated by antipathy to the

basic nature of industrial society, and see in nuclear power

an opportunity to attack that society where it seems likely

to be most vulnerable, in energy supply" (paragraph 499).

To the extent that nuclear energy is a symbol it

cannot be unique. Those who criticize it as a centralized
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power source also criticize large hydro-electric projects,

large fossil-fired electric generating stations, tar-sands

plants but not the mass-production of solar-heating units

needed to make this energy source competitive. The fact

that a technology is centralized does not imply that it must

lead to a centralized society; it could have the opposite

effect. Cross-examination of Professor R. Paehlke exposed a

V.166 :24,002- view that electricity generation is an instrument of
24,004

political policy and that nuclear-electric generation can be

used to implement different policies. For instance, should

Ontario decide to decentralize the Toronto-Hamilton complex

into regional centres, nuclear plants to provide the centres'

electricity could be sited without regard to fuel supply

lines because of the small volume of nuclear fuel.

As another example of the decentralizing tendency,

Ontario Hydro's rural electrification supplied from large

centralized generating stations has helped prevent the rural

areas becoming even more depopulated in favour of urban
V.166:23,969- centres. Dr. H.L. Patterson pointed out that individuals in

23,971
the farming community use more electricity than the average

consumer and must therefore literally depend on efficient,

economical generation of electricity. There are surely few

who advocate bringing about a change in social patterns

through denial of a proven life-support system.

The CCNR position on centralization is unclear.

Ex.133 In their brief "Let's Free Enterprise" they single out:

V.189:29,068 "In the political and philosophical sphere the key debate

in our time is not right versus left, not capitalism versus
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socialism, rather it is monopoly versus decentralized

diversity" (emphasis added). Edwards said that decentralization

V.189:29,070 "is an idea, it's a goal to strive for I suppose and in that

V.189:29,065 sense you can describe it as an ideal" but he also said that

the CCNR is not opposed to centralized electric generation.

V.189:29,069 On being pressed further, Edwards replied "J cannot answer

and say that this is coalition -policy but I would be very

surprised if it were put to the Coalition members that it

would not quickly become Coalition policy. Because I believe

that certainly the majority of the people who are most active

in the Coalition, in the Steering Committee for example,

the Citizens ' Council, I believe would endorse and subscribe

to the view that a move towards decentralization would be a

very healthy move" (emphasis added). This contrasts with

V.189:29,119 Edwards' later claim: "We do not believe in top down

management, and we take direction from our members".

Flowers' suggestion that opposition to nuclear

energy can sometimes involve broader political implications

is supported by quotations from nuclear critics. Lovins

V.163:23,116 wrote, and subsequently confirmed, that even if he were

convinced that "nuclear powv were clean, safe, economic,

assured of ample fuel, and socially benign per se, it would

still be unattractive because of the political implications

of the kind of energy economy it would lock us into".

Ex.224 F.H. Knelman, in his book "Nuclear Energy - The Unforgiving
Ex.226
Ex.228 Technology" which has been cited in several briefs, wrote:

Ex.234 "Such an energy policy ("the non-nuclear one advocated by

Ex.237 KnelmanJ will radically alter social, cultural and political
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(3) ir.st i tutionp and our life-styles". Professor D. Torgerson

of Trent University wrote: "The active opposition to nuclear

power is not based only on concerns for safety and the

natural environment. Significantly, opposition also involves

a social vision oriented towards a deconcentration of

political and economic power. The emphasis of this vision

ranges from a nostalgia for small-saale capitalist to a

dream of anarcho-communism. "

Whether or not one believes that such socio-

political questions should be decided overtly and apart from

an energy policy, the intensity of feeling on the subject

V.169:24,651 should not be underestimated. For example, P. Carroll, the

Chairman of OCNR, when asked what there is about nuclear

Ex.238(p.10-7) power technology to justify the OCNR claim that it is "a

v.169:24,653 uniquely and extremely hazardous technology" replied: "The

main impetus that started my interest in the issue was

the fact that a Provincial agency had decided, in their

planning process at the Provincial level, that, at some

future date, they were going to impose a structure on a

small, low population rural area".

(1) - Ch.2.9,9 Nuclear energy is also accused of leading to loss
Ex.238(Ch.8)

Ex.234(pp.17,18) of freedom and infringements of rights. This seems like

accusing the victim of the crime. If any restrictions are

necessitated because of terrorism or a violent society, not

only nuclear facilities will have to be protected. Many of

the complex systems which support our current civilization

Ex.311-1 are much more vulnerable than nuclear plants. Also, as

already discussed, any attractiveness of nuclear plants
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as targets for terrorist activity can be expected to

diminish as the public becomes aware of the facts regarding

the effects of radiation.

* * * * *

Under cross-examination the OCNR admitted that no

feature of nuclear energy is "uniquely and extremely hazardous".

V. 169:24,662 Rather, they now claimed, some form of synergism is involved.

To the suggestion that this constituted an argument for

quantifying the risks wherever possible and comparing them

between the various energy alternatives, R. Torrie agreed:

V.169:24,668 'Ms far as is beneficial to making the decision, yes".

Ex.318 Later, the AECB brief presented just such a quantitative

comparison: According to an initial analysis the risks

from nuclear energy are less than those from most other

energy technologies, including those favoured by the nuclear

critics.

Some further, minor criticisms of nuclear energy

deserve brief comment.

Ex.133(p.32) Thermal discharges from nuclear reactors are said

to damage the ecosystem. While power reactors do discharge

large amounts of heat - more than equivalent fossil-fired

plants - adequate design and monitoring, confirmed by regula-

tory review, avoids harmful effects to the environment.

Ex.158(pp.102, When applications for this waste heat become economical, as
103)

in district heating, greenhouses and fish farming, a nuclear

power plant can supply the heat. If the thermal capacity

of our waterways is approached in the future, there are

other means available for cooling power reactors, at some
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economic penalty. Meanwhile, Canada can use its abundant

supply of cold water as a valuable resource to increase the

efficiency of energy conversion.

Raising the capital needed for future energy

Ex.135,138,150 projects will be a requirement whether these are a few large

projects or a multitude of small projects. Several respected

Ex.188,189,192 Canadian economists have expressed confidence that the capital

(4) will be forthcoming as long as the project is credit-worthy

and the economy recovers from its present depressed condition.

If the economy should not recover, a decreased demand for

energy would remove the need for large capital investments

in this sector.

Ex.135-1,138 Nuclear power plants are unquestionably capital-

intensive, but so also are the available alternatives. Even

where the cost of delivered energy from a renewable source,

e.g., solar heating, is competitive with nuclear energy,

the capital cost must be higher if its fuel cost is zero.

Forbes has shown that the capital requirements for Lovins'

proposed "soft path" (in the USA) would be considerably

higher than that for a more conventional energy mix including

nuclear power reactors.

Ex.133(p.18) Critics claim that nuclear energy provides very few
238(pp.8-13)

jobs. This position can be adopted only by ignoring all the

jobs involved in manufacturing and construction of the

nuclear plants. The criticism amounts to no more than a

rewording of the statement that nuclear energy is capital-

intensive, and therefore applies to almost all energy sources

other than conventional oil and gas. As long as dwindling
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fossil fuels have to be replaced by other energy sources,

and until zero energy growth is achieved, it is the total

number of jobs and not just the operating component that is

important. In this period, lasting several decades, nuclear

energy is an excellent alternative energy source, since

approximately 80 per cent of a CANDU nuclear generating

Ex.25(p.42) station and all its fuel is made in Canada. The quality of
260(p.2)

the jobs is also important. With our educational institutions

producing more highly trained graduates than ever before,

job satisfaction is more likely to be found in the nuclear

industry than in, say, seasonal lumbering for a wood-burning

economy. Also, the nuclear industry, unlike some other

major energy projects, employs a stable work force in, or

near, existing population centres. Finally in this connection,

it is worth remembering the number of jobs that would be lost

throughout our society if there were energy shortages.

Although uranium is relatively abundant it is,

strictly speaking, a non-renewable resource. As a result,

there is concern that we may grow to depend on a fuel that

might be depleted in a few decades. While some critics

(5) say there is so much uranium that fuel recycling is unnecessary,

Ex.157 others say that there is so little uranium that we cannot

depend on nuclear energy. The fact is that Federal Government

Ex.l58(p.9O) regulations, combined with estimates of recoverable uranium

resources, assure an adequate life-time supply of uranium

for all Canadian power reactors likely to be committed by
V.189:29,127- the end of this century. The CCNR admitted having mis-

29,130
understood or distorted A.J. Mooradian's words to say that
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Canada could run out of uranium by the end of this century.

In the paper cited, Mooradian reported as one viewpoint

that greatly increased amounts of uranium would be discovered

as a result of recent increases in the price. This opinion

is supported by an average annual increase in proven uranium

resources of roughly ten per cent in recent years. However,

Mooradian also explained how, if these increased discoveries

did not materialize when required, recycling the spent fuel

with a thorium feed could provide indefinitely all the energy

likely to be needed. A knowledge of the facts provides the

confidence necessary to commit further nuclear generating

capacity while continuing to exploit the present once-through,

natural-uranium fuelling for CANDU reactors as long as uranium

remains relatively cheap and abundant.

A frequently recurring theme in those briefs that

express a concern over nuclear energy is that absolutely no

Ex.305(p.6) mechanical or human failures can be tolerated. For instance,

S.F. Hunnisett said "I can understand that nuoljear energy is

such that it requires complete infallibility". The OCNR

Ex.238(p.10-9) were among many to quote Hannes Alfven. Thus, "...Fission

energy is safe only if a number of critical devices work as

they should, if a number of people in key positions follow

all their instructions, if there is no sabotage, no hijacking

of the transports, if no reactor fuel processing plant or

repository anywhere in the world is situated in a region of

riots or guerilla activity, and no revolution or war --even

a "conventional one"— takes place in these regions. The

enormous quantities of extremely dangerous material must not
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get into the hands of ignorant people OP desperadoes. No

acts of God can be permitted." Such statements are completely

inconsistent with the whole approach to nuclear safety

Ex.158(p.11 et taken throughout the world and outlined in AECL's brief to
seq.)

the RCEPP and explained further during cross-examination.

Reactors are designed to be safe, recognizing that equipment

fails, that humans make errors and that acts of God occur.

The claim that the spent fuel from CANDU reactors

is especially attractive to terrorists, as suggested by

Ex.224 Walk for Life, PANDA and Pollution Probe-Ottawa, is
V.160:22,581

Ex.234 completely unjustified. The OCNR in the section of their

brief discussing the possible misapplication of plutonium to

Ex.238(p.2-40) weapons uses stresses that CANDU reactors produce more

plutonium per unit of energy generated than do light water

Ex.157(p.6) reactors. The CCNR claimed "The CANDU reactor is the best

power1 reaotor available on the international market for

conversion to military purposes. It produces more than twice

as much plutonium as a comparable American light-water
V.189:29,181- reactor". It required prolonged cross-examination of the

29,185

CCNR to obtain an admission that irradiated CANDU fuel

actually contains less plutonium per unit mass of fuel

than do light-water reactors, and hence that the CANDU fuel

would be less attractive to any national or sub-national group

wishing to misapply it to weapons production. In avoiding

V.189:29,182 an answer on the plutonium concentration, Edwards said:

"I don't believe the low or high concentration of plutonium

matters as much as the grade of plutonium". Later, however,

V.189:29,184 in reply to the question: "Is there any distinguishable
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differense between the spent fuel from CAltDU and IWRa, each

at their design burn-upe with respect to grade of plutonium?

That is versentage of higher plutonium isotopes?" he replied:

"Veil, you have got me there. I really don't know. I

suspeot that it is not a very significant difference. I

wouldn't think there would be a significant difference. I

would be surprised if there was a significant difference."

V.189:29,185 Edwards then argued that there were other reasons not in-

cluded in the CCNR statement, but admitted that he had not

read an article in Science Forum (Vol. 10, No. 6, 1977 Dec.)

by Professor R.W. Morrison of Carleton University dismissing

such charges, even though he had been told of the article by

a colleague.

The radiological toxicity of plutonium is another

subject in which much emotional response seems to result

from ignorance of the facts or even from a misunderstanding

of the facts, as can be illustrated by reference to the

Ex.223 brief by Dynamo Genesis Ltd. There, B.L. Cohen's estimate

V.158:22,023 of one cancer death for each 15 grams of plutonium dispersed

is contrasted with the statement attributed to Ontario Hydro

that one-thousandth of a gram of plutonium inhaled could

V.158:22,024 cause one cancer death 10-45 years later. As a result of

V.158:22,024 this apparent inconsistency the author concluded "so this

graph may be grossly underestimating the amount of cancer by

inhalation of plutonium". Cross-examination of N. Teekman

showed that the explanation was to be found in his own brief,

V.158:22,023 thus "because only a small fraction of the oxide would find

Ex.l33(p.3O) its way into the people's lungs". The CCNR's "Souraebook"



- 27 -

V.189:29,188 states that one-millionth of a gram, the maximum permissible

intake to remain within ICRP recommendations, "can cause

fatal lung cancer uith near certainty". Under cross-

V.189:29,190 examination Edwards defended his position by saying: "this

is an extremely controversial subject area" and he would

take pains to so indicate if he were rewriting the passage.

Quantitative estimates of plutonium toxicity, supported by

Ex.244 published references, were submitted by AECL. These showed

that the amount of plutonium that would have to be dispersed

to cause a single death is many orders of magnitude greater

than commonly regarded as a lethal dose. This is in accord

(1) with the statement on p.162 of the Flowers Report, "it is

said, for example, that a piece of plutonium the size of an

orange contains enough of the substance to kill everyone i.n

earth. So it does, but it is impossible that it oou? J '-.. .

distributed as to have this effect."

Much public concern can be attributed to the loose

use of the term "plutonium economy" which is both emotive

and misleading. A careful reading of the Flowers Report

(1) shows that it is the potential accessibility of relatively

concentrated plutonium combined with a dependence upon

plutonium that caused concern to the Flowers Commission.

Ex.329(p.23) This interpretation of the term is reinforced by

Mr. Justice Parker's report on the Windscale Inquiry.

Although current thermal reactors both produce and burn

plutonium, paragraph 508 of the Flowers Report stated

"We do not think that continued operation of the existing

Magnox reactors, or the eventual operation of the thermal
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reactors that are now being installed or considered, can be

thought to constitute an unacceptable hazard when judged

against the benefits, provided that existing standards are

maintained, as we have every reason to believe they will be."

Rather, that Commission's use of "plutonium economy" is to

be associated with the possible introduction sometime in the

future of fast reactors as indicated in paragraphs 505 and

(1) 506, "Lastly, there is the problem, discussed in Chapter VII,

that is in many ways the most worrying and the most difficult

to assess, that is, the risks arising from the production and

use of plutonium in large quantities, which would follow from

the widespread introduction of fast breeder reactors" and

"We emphasise again that our concern here is not with the

position at present, or even in the next decade, but with what

it might become within the next fifty years." Despite these

V.189:29,192 explicit statements in the Flowers Report, Edwards seemed to

believe that Sir Brian Flowers was calling for a halt to

any further nuclear development, and that a statement by

V.189:29,144 Flowers at Temple University, "Great caution in developing

Ex.243(p.31) nuclear power beyond the present state in which it is

V.189:29,192 dependent upon thermal reactors, utilizing only natural or

lightly enriched uranium" (emphasis added) represented a

change in his tune. Such a misunderstanding of a fundamental

point in this major study may well have affected the attitude

of Edwards, and hence the CCNR and its affiliates, to further

nuclear development.

Some myths relating to nuclear energy that were

raised and refuted included:
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Ex.2 38(p.17) - More energy is said to be consumed in producing nuclear

power reactors and their fuel than is produced by them.

In fact, the energy invested in a CANDU reactor is repaid

(6) in about two years of full power operation; thereafter,

the annual energy input for fuel, etc., amounts to

V.81:10,112- only a few per cent of the energy output.
10,137

(2) - It is claimed that energy sources should be matched to

(7) the application with respect to what is called "quality"

of the energy, to maximize "second law" efficiency.

(8) There is no law of nature that says maximizing "second

law" efficiency will minimize costs. Where a "mismatched"

source is economically competitive, some other scarce

resource is probably being conserved more efficiently

than is energy.

Ex.133(pp.19,20) - Critics claim nuclear energy would no longer be

economically attractive if various "hidden" costs were

included. The costs referred to, for waste management

(storage and transportation) and for reactor decommission-

ing, have been estimated and published. They add only

a few per cent to the cost of the power produced and,

even when they are included, it ha:s been found that:

Ex.194(p.16) "with realistic values of the various economic and

system parameters, the cumulative discounted cash flow

for nuclear power plants is always less than that for

coal at the end of station life".

- Finally, the biggest myth of all, often perpetrated as

a suggestive illustration or an emotive word association,

is that a nuclear reactor can explode like a nuclear
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bomb. This is simply untrue and anyone suggesting

otherwise is either unfamiliar with the subject or

misleading the reader.
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3. AECL's Position

It may help the Commission if we summarize AECL's

position on four major technical issues:

(1) biological effects of ionizing radiation

(2) releases of radioactivity to the environment

(3) reactor safety

(4) management of nuclear wastes.

In the last of these there have been significant developments

during the life of the RCEPP.

3.1 Biological Effects

(1) Not only have the biological effects of radiation

been studied more thoroughly than those of most other

pollutants, the conclusions from these studies have probably

Ex.158(Ch.3) been reviewed by more independent and expert bodies.

Ex.318 Canadian regulations set by the Atomic Energy Control Board

(AECB) are based on recommendations of the International

Commission on Radiological Protection (ICRP). The ICRP

recommendations are supported by the findings of the UN's

Scientific Committee on the Effects of Atomic Radiation

(UNSCEAR), the US's National Academy of Sciences Advisory

Committee on the Biological Effects of Ionizing Radiations

(BEIR) and the UK's National Radiologica2. Protection Board

(NRPB). Even these have in turn been subjected to secondary

(1) review and endorsed by bodies such as the Flowers Commission

(5) and the Ford/Mitre Committee. The idea of a conspiracy

within these bodies to suppress unpalatable facts is simply

ridiculuous to anyone who knows their composition. Nobody

would ignore new and apparently discordant results, but
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the chance of any serious error in the present consensus is

V.187:28,632- very small. If the latest claims by certain well known
28,633

critics, e.g., E. Sternglass, are treated with scepticism

it is because they have previously failed to provide evidence

or argument to convince their peers.

As a result of this extensive and sound knowledge

it is possible to estimate with confidence the probable

upper limit of consequences to the population from releases

of radioactivity. The only link in the estimating chain

that was seriously questioned in cross-examination was the
V.187:28,632- linear hypothesis for interpolating to the very low exposures

28,650

experienced in practice from the much higher exposures at which

any effects have been observed. The independent bodies cited

ire on record as stating that the linear hypothesis represents

a prudent assumption for the purpose of estimating possible

harm: If it is in error, the consequences are likely to

have been overestimated. The resulting estimates, tabulated
Ex.158(p.15R and referenced in our brief to the RCEPP, show that a nuclear

et seq.)

program large enough to provide 1 kWe per capita would in-

crease natural rates of cancer incidence and genetic damage

by about one thirtieth of one per cent. This is only a

small fraction of the harm which would result from a coal-

Ex. 158, 318 fired program with the same output — the only realistic

alternative to nuclear energy at present. It is notable

v.162:22,883 et that when Professor J.M. McNamee mentioned the much greater
seq.

V.164:23,399 et. effects of coal his claim was challenged, but that AECL,
s«=q.

Ex.158(pp.29,30) which provided detailed facts and sources in its brief was
not cross-examined on this subject.
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3.2 Radioactive Releases

Another means of evaluating these radiation effects

is to compare exposures received from nuclear energy with

those received from natural background and from various man-

made sources in the course of everyday living. This approach

does not even require acceptance of the lineai hypothesis.

If_ a nuclear generating station were to continuously release

amounts of radioactivity to the limit permitted by the AECB

Ex.158(p.26) regulations, a hypothetical individual spending 24 hours a

day at the station boundary could be exposed to an additional

500 mrem per year. Since there is concern over radioactivity

being concentrated in food chains, it is important to realize

that this estimate includes an allowance for radiation that

may reach the individual through food and drink pathways,

e.g., through drinking water from the plant effluent and

milk from cows grazing on adjacent pasture, and through

eating fish caught from the plant effluent. Even the

500 mrem is well within the annual exposure due to natural

background radiation alone, observed in several locations

throughout the world. In practice, Canadian utilities

have opted for design and operating targets restricting

releases to one per cent of the regulatory limit.

Ex.328(p.9) Ontario Hydro's experience with the Pickering Nuclear

Generating Station, which was built before the target was

introduced, demonstrates that the target is being achieved.

The resulting maximum of 5 mrem per year from nuclear energy

received by the hypothetical individual is to be compared

Ex.158(p.22) with a Canadian average of 100 mrem per year from natural
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background plus about 35 mrem per year from medical sources.

The 5 mrem maximum associated with living next to a nuclear

plant is of the same magnitude as the variations in individual

exposures due to other voluntary differences in life-style,

Ex.25(p.A3-17 a-<J-i lining at sea-level versus living at a modest elevation,
ref.22)

occupying a brick house versus occupying a wooden house,

travelling by jet aircraft versus travelling by surface

transportation. In fact, any real individual would be exposed

to less than 5 mrem per year from nuclear energy plants,

whilft the average exposure for the population at large would

be very much less.

The present releases, low as they are, do not

represent the minimum attainable level. Rather, they

represent a level at which the health and environmental

impacts are smaller than those associated with practicable

alternatives and, hence, can be considered as the result of

a rough optimization; rough because of the scarcity of

relevant information for non-nuclear activities. R. Torrie

v.ifiq : ;>A,«;75 of the OCNR expressed the opinion that routine emissions

from nuclear generating stations are less harmful than those

from coal-fired stations. Technologies already exist for

trapping and immobilizing rare gases and tritium, some of
V.lR5:2R,17d- which are currently released. However, implementation would

?°,175

have a significant cost and the money could alternatively

buy considerably more health care in other areas. Even

Ex.318 in the area of radiation effects, medical exposures could

he reduced at a fraction of the cost of further reducing

the already low exposures from nuclear power. This
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Ex.l58(p.26) principle is recognized in the ICRP recommendation (ICRP

Publication No. 9, para. 52) that radiation exposures

should "be kept as low as is readily achievable, economic

and social considerations being taken into account." Making

any one sector much safer than the average rr.ay not be the

best way to use society's limited resources for the greatest

good.

3.3 Reactor Safety

V.169:24,675 Knowledgeable critics, such as Torrie, recognize

that routine emissions from generating stations pose no real

threat and they therefore concentrate on the possible con-

sequences of hypothetical accidents.

In the first part of this sub-section we summarize

our safety philosophy, how our stated objectives are achieved,

and how we know they have been achieved. The second part

traces how our approach evolved. Not all reactors are the

same; so our view of how one looks at older reactors, when

newly armed with better analytical tools and different

regulatory guidelines, is reviewed. The third part addresses

some specific issues raised during the hearings. Mo3t of

these concerned older reactor designs.

3.3.1 What is the Canadian Safety Philosophy?

All human activities have some measure of risk.

The word "measure" is important. Without numbers for risk,

it is as hard to compare the safety of competing energy

technologies as it would be to compare their economics with-

out knowing their cost. In nuclear safety, risk is defined

Ex.158(p.14) as the probability or frequency of an event times its
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consequences. The measure of frequency is usually "number of

times per year". The measure of consequence is usually

"radiation dose received by the public". This measure can

he put in terms of public health effects, or of radiation

released from the station. Nuclear energy is one of the

few industries which has had during its development and

deployment an extensive risk analysis. Perhaps as a con-

sequence, we can take pride in lower risks than for most other

industries.

The risk numbers can also be used within a single

technology to ensure that the design efforts are used most

effectively. They can put into perspective numerous "what if"

questions, most of which arbitrarily assume failures of two

or morft separate and independent systems. What is important

here is not only the consequences (which may be spectacular)

but also how often such failures may be expected. If the

answer is "very infrequently", as is usually the case, the

actual risk is probably small. Unfortunately, some of our

critics appear to equate risk with consequences alone.

Those countries that have pioneered nuclear energy

use th" "quantifiable risk" approach to nuclear safety:

".1R7:28.592- - The United Kingdom assesses their designs with the well-
28.5^7

^x.?°? known Farmer risk criterion. (The licensing authority

accepts analysis based on this criterion, but judges

on a case-by-case basis.) Farmer used "curies of

iodine—131 released" as his measure of consequences.

His risk criterion is a continuous curve of maximum

release versus frequency of occurrence.
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(9) - United States designers used a stepped risk target.

Events (including normal operation) are put in one of

four categories, depending on their expected frequency.

In each category, a limit is set for the amount of fuel

damage or the release of radioactivity. The regulatory

authority states in great detail how to calculate the

damage, but again licenses on a case-by-case basis.

Ex.158(p.15) - In Canada, the AECB sets guidelines on radiation dose

(consequences) to the public from

i) normal operation

ii) single failures — accidents where a normal reactor

system (process system) is assumed to fail

completely

iii) dual failures — the assumed complete failure of a

process system plus the assumed complete failure

of any one safety system.

Our guidelines also specify the maximum frequency for each

category. This gives a stepped approach to public risk,

roughly consistent numerically with the risk in Farmer's

continuous approach. The AECB, by not prescribing a priori

how the analysis is to be done, does not sit in judgment on

Ex.329(p.67) its own methods. Mr. Justice Parker, in rejecting the

suggestion that the UK's regulatory authority should be more

involved in design, said: "In the first place it may lead

to the designers seeking to shed what is properly their

responsibility. In the second place an Inspectorate which

is too intimately involved can be robbed to an extent of the

independent objective judgment whieh is its function to
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t av pj-je ". If the US rules are viewed as the Napoleonic

code, then Canadian practice is English common law.

In gaining an appreciation of what risk AECB

guidelines actually implyf it must be realized first of all

that reactors do not operate a_t the guidelines- Indeed,

neither frequency nor consequence guidelines are approached

Ex.158{p.15) in practice. For example, a large loss-of-coolant accident

every ten years, while perhaps not too frequent to jeopardize

public safety, would be an economic disaster for the plant

owner. So the "allowed" frequencies for the more severe

failures are never approached in actuality. The consequence

guidelines too are usually upper bounds. Whereas they

"allow", for example, all loss-of-coolant accidents to

cause the specified public doses, in practice the only ones

V.199:31,173- which come near are large breaks in a particular location,
31,175

Ex.158(p.16) whose size is a particular fraction of the pipe area. Most

of the breaks would cause small or zero radioactive releases

from the plant. The failures (single or dual) which can

(10) release significant radioactivity are therefore a very small
V.137:17,474-

17,477 fraction of the total number of failures.

In addition, the dose calculations intentionally

involve very pessimistic assumptions, which increase the

predicted consequences. For the pipe break, it is assumed

that:

- the effect of coolant void on reactivity is larger than

it really is; the shutdown systems are slower and

less effective, i.e., the power transient that would

occur is overestimated;
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- none of the process systems helps out, although they may

be able to; it is assumed that only the safety systems

do anything to mitigate the accident;

V.169:24,589- - the weather is that which increases population dose

24,590
(9) (atmospheric inversion with a light wind blowing in

the direction of highest population density), even

though such inversion occurs less than 10% of the time;

- the dose calculated is that for the most susceptible

individual, e.g., a 6-month old baby at the plant

boundary for iodine-131.

These assumptions impose large penalties. For

example, just using the most likely weather at Bruce 'A',

rather than the worst occurring 10% of the time, reduces

(11) the iodine-131 individual dose by a factor of six, and

using an average adult at the nearest populated site gives

a factor of around fifty.

There are, of course, accident scenarios which do

not fit neatly into single- or dual-failure pigeonholes.

For these, a risk analysis may be done outside the guideline

framework for consideration by the AECB. There are other

accidents which can be postulated, but which are of such low

probability that higher releases than the guidelines allow

may be tolerated. By and large, therefore, the guidelines

are used, but judgment both inside and outside their frame-

work is sometimes necessary, and licensing is always done

on a case-by-case basis. In short, the guidelines bound the

total risk, as described below.

The risks from normal operation have been discussed
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in sub-section 3.2. For single failures, the consequence

guidelines for whole-body doses (there are also separate

doses for the thyroid gland, for which a similar analysis

Kx.158(p.15) applies) are 0.5 rem for an individual and 101* man-rem for

the population. The frequency guideline is one event per

three years. Doses as low as 0.5 rein have no detectable

early effects, though a slight increase in the risk of de-

layed cancer (less than one in ten thousand) may result.

Ex.l58(p.24) The 10" man-rem would on average produce 1-1/2 cases of fatal

cancer over the entire exposed population, plus one case of

curable cancer. (It could also cause perhaps three cases

of hereditary disease, within a factor of five either way.)

The total risk from the collective whole-body doses to the

population would thus be in the vicinity of 2-1/2 cases per

three years per reactor, or roughly one case a year at the

guideline value. If, for example, a 1000 MWe reactor serves

a population of 106 people (1 kWe per capita) the 1-1/2 cancer

deaths per three years may be compared with some 4500 cancer

deaths from other causes per three years in the same popula-

tion.

For dual failures, the frequency guideline is once

per 3000 years. Whole-body dose guidelines are 25 rem for

an individual and 106 man-rem for the population. The

individual dose would be associated with a risk of cancer

death 50 times that for the 0.5 rem, i.e., about 0.4%.

with the linear dose hypothesis, the population exposed to

106 man-rem could experience 250 cases of cancer (150 fatal)

and 300 hereditary diseases, within a factor of five either
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way. When allowance is made for the infrequency of a dual

failure, the average annual risk becomes 1/10 of a case for

cancer and for hereditary disease, at the guideline value.

These are one tenth the values for single failures.

To understand how design principles are used to

Ex.322(AECL-5709) achieve such low risks we consider, first, safety-related

features inherent in the CANDU design.

- Pressure tubes, not pressure vessels, contain the coolant

in the reactor core. Tubes are simple to design, to

Ex.l58(p.l7, make, and to test. For example, it has been shown by
ref.5)

test that a growing defect in a pressure tube causes

detectable leakage long before the tube breaks — the

tube has its own early warning system. On the other hand,

the reactor fuel is close to the pressure boundary, but

even so, the possible consequences of failure of a tube

is limited since the possible size of breach is small.

- Since the moderator is outside the pressure boundary

it runs cool and at low pressure. This large amount of

water can be used as a backup heat sink.

- The moderator, however, is inside the core. Since con-

trol and shutdown devices are located in the moderator

rather than the coolant they would not be ejected by

coolant overpressure from a large pipe break, nor signi-

ficantly impaired even by a pressure tube failure.

- CANDU reactors use natural uranium fuel, requiring on-

power refuelling to keep the reactor critical. Thus,

the control systems need only have a limited reactivity

range. Malfunction of these systems would not cause
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large or fast power rises.

- Natural uranium forces us to be economical in our use

of neutrons. This means that the pressure tubes must

be arranged in the optimal way for criticality. Almost

Ex.158(p.5) any rearrangement (due, for example, to an accident which

damages the core) would tend to shut the reactor down.

- Coolant boiling causes a reactivity increase (positive

void effect) which would, by itself, cause a power in-

crease if not overtaken by control or shutdown systems.

It is often noted that the US regulatory agency's design

criteria for Light Water Reactors (LWRs) require negative

coolant-density coefficients. This arises for reasons

that do not apply to the CANDU system: In LWRs the

shutdown systems are subject to the hydraulic force re-

sulting from the loss of coolant, and therefore are not

relied on to terminate a reactor power transient. A

(12) study by the US Argonne National Laboratory found no

intrinsic feature of CANDU reactors that would make them

unlicensable in the US. The rate of power rise is

moderated by the long neutron lifetime (a consequence of

natural uranium fuel), so that the time requirements for

control and safety system response are not too onerous.

Ex.2R-0 All reactor designs exploit "defense-in-depth"

which involves accident prevention, accident mitigation and

accident accommodation. We do not place all our safety eggs

in one basket. Reactors are designed to prevent accidents

from happening; to stop the progress of an accident, if one

occurs; and to limit its effects on the public if it con-

tinues.
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The approach recognizes that failures occur, and that

systems and human beings are not perfect. The reactor design

tolerates such failures and imperfections. It need not be

perfect to be safe.

Public safety aside, accidents cost money — both

in lost electrical generation and repair, so utilities

cannot tolerate serious accidents with a predicted frequency

comparable to the plant's life. Good design practice, which

reduces both the probability and consequences of accidents,

includes (but is not limited to):

- quality assurance during manufacture and installation

- redundancy of important components (pumps, valves,

control and safety circuits)

Ex.158(pp.9,15) - logical and physical separation of control and safety

systems

- in-service inspection of critical components.

Ex.l58(p.l6) The normal reactor process systems and the operator

should often be able to stop or mitigate an accident. For

example, a small loss-of-coolant could safely be taken care

of by the reactor power control system (shuts down the

reactor), the coolant inventory control system (replaces the

Ex.l58(p.l7) lost coolant), and the boilers (remove heat). A slow

pressurization of the boiler on the light-water side could

be controlled by the atmospheric steam discharge valves,

etc. The safety systems are not needed in these cases.

The safety systems back up the normal systems,

and may be called upon for more serious accidents. For

example, a large loss-of-coolant calls upon the shutdown
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systems (to turn the power off) and the emergency-coolant

injection system (to refill the circuit). Behind these

stand the moderator system (continuously present and opera-

ting and yet another means of core cooling), and the

containment (to keep in any radioactivity which may escape

from the fuel). Beyond containment, the exclusion zone

ensures dilution of radioactivity before it can reach the

public.

Our confidence that, we can achieve such low risks

is based on several factors. First, for frequency:

- In 47 reactor-years of Canadian operating experience

with power reactors, no member of the public has ever

been killed or injured, and no worker in the plants

has suffered a radiation injury. There have been no

dual failures, and few single failures, all of which

were in fact terminated without harmful radioactive

release. That is enough data to establish the frequencies

of events which can occur more often than 2 x 10~2 per

year (specifically, single failures). All data available

internationally for civilian power reactors above

30 megawatts give eleven hundred reactor-years without

a large activity release. There have been accidents in

research reactors, and such mishaps have occurred re-

gardless of reactor type. They have not occurred

regardless of reactor size. Research reactors are used to

gain information: both their design and their mode of

operation are different from those of power reactors.

Their power levels are much lower; consequently their
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fission product inventories are much smaller. Accidents

that have occurred in these reactors are noteworthy for

the fact that most happened over ten years ago and for

the lack of any major consequences to public health.

The NRX accident in Canada was no exception.

- No dual failure has ever occurred, so we can only esti-

mate the frequency. This can be done without having to

wait until the systems are called upon in an accident.

Ex.158 (p.15) In-service testing of individual components and systems

gives us a measure of reliability in as little as a

year of operation. The expected dual failure frequency

can then be estimated fay multiplying the observed single

failure frequency by the safety system reliability

demonstrated by tests. It is assumed, in doing this,

that the risk contribution of common mode failures (one

event causing several failures) is small; later on, we

justify this assumption.

- Fault-tree analysis can combine logically individual

component failure rates to calculate system failure

rates. This is useful in assessing the design process

and provides further evidence that the design can meet

reliability targets.

On the consequence side, past history will not

indicate whether the dose guidelines for serious accidents

are in fact achievable, since there have not been any in

power reactors whose designs are being licensed. So we

must calculate. These calculations use mathematical models

of both general and physical behaviour and of actual components.



- 46 -

Methods of individually verifying the models include:

- heating and pressurizing fuel sheaths to verify our

model of deformation;

- making breaks in circuits ranging from simple pipes

to complex loops to verify our hydraulic models;

- bursting pre-defected pressure tubes to verify the leak-

before-break principle;

- studying the behaviour of fuel in partial melting,

dryout, and rewetting.

Event-tree analysis identifies the various possible

accident sequences following a given event. When combined

with fault-tree analysis, population-density distributions

and frequency of weather types, it can give a good estimate

of the actual risk, as opposed to the bounding risk, to the

public of a nuclear power plant. To do a thorough job of

this requires considerable resources of skilled professional

(9) manpower; the US Reactor Safety Study (RSS) took 70 man-years

of effort.

For licensing calculations, such a comprehensive

analysis is unnecessary. The separation of the plant into

process systems and independent protective systems allows

the use of pessimistic assumptions to compute in detail the

consequences of fewer, but more stylized, accident sequences.

As a result, the estimated values set bounds to the actual

risk.

Sequences which cannot be quantified a priori —

for example, common mode failures — inherently occur very

rarely. In Canada it has long been believed that such events
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make a relatively small contribution to public risk when

care is taken in the design and operation of the plant.

Separation of control and safety systems from each other,

both logically and physically, helps a lot. So does separa-

tion of the safety systems, one from another. These principles

have been clearly spelled out and practised over the last

(13) 15 years. Laurence in 1962 said: "Simultaneous damage in

the process equipment, the protective devices, and the con-

tainment provisions by one common cause must also be considered.

Unlike the independent faults, the probable frequency of

this happening is much too small to determine from past

experience. We can do no more at present than reduce the

probability of the three-fold damage from a common cause

by careful design and cautious operation so that we have

confidence that this risk is acceptably small. We are

unable to support this confidence by direct evidence. That

fact does not detract from the importance of establishing

by the methods described that the risk of a bad accident

resulting from the causally independent failures is also

acceptably small."

The frequency of a common-mode failure can never

be greater than the frequency of the initiating event.

By itself this can sometimes give acceptably low bounding

risks. For example, suppose a large loss-of-coolant always

caused a loss of injection of emergency core-coolant. A

realistic frequency for the first event alone is lO"1* to 10~5

per year, which is below AECB guidelines for the frequency

of dual failure.



- 48 -

(14) The same belief was expressed by Laurence in 1972:

Ex 330(1) "...the Reactor Safety Advisory Committee set very low limits

for the frequency of faults in the process equipment, and for

unreliability in the -protective devices and the containment

provisions, and has insisted that the three parts of the plant

be functionally independent so that there is little chance

that faults in the process equipment can damage the pro-

tective devices and the containment provisions also."

(9) The US RSS shows that the public risk from US

reactors is low. This study is not used in the licensing

process in Canada (or in the US). We note, however, that:

- a large portion of the risk assessment in the RSS

depends on population distributions and weather conditions

which are independent of reactor design;

- all water-cooled reactors have a high pressure heat

transport system and the frequency and consequences of

failures in this system should be comparable;

- most water-cooled reactors use ceramic (uranium dioxide)

fuel, so the causes and effects of fuel damage are

comparable.

We, therefore, believe that the results of the RSS

are roughly applicable to most water-cooled reactors (in-

cluding CANDU reactors), and in this sense confirm the

judgment that the risks defined by the regulatory authority

are pessimistic.

3.3.2 Evolution of Canadian Safety Philosophy

The Atomic Energy Control Board and Atomic Energy

of Canada Limited were set up as administratively and
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financially independent organizations reporting to the

Minister of Energy, Mines & Resources. To our knowledge,

this independence has never been compromised. Safety analyses

for specific license applications have always been prepared

independently by the designer. They are subsequently examined

by the AECB, which has both the necessary independence and the

necessary expertise to determine whether the technical issues

are adequately treated. The underlying philosophy has been

evolving in public for the last twenty years, with contri-

butions from both agencies. For the Commission's information,

the key publications are summarized.

(15) As early as 1954, Siddall studied prediction of

failure rates in the NRU reactor and described a basis for

(16) in-service testing. In 1959 he extended this in an early

attempt to quantify the risk from nuclear power and to com-

pare it with other industrial operations. He assumed a

priori that nuclear plants could be five times safer than

coal-fired plants, and derived the required reliabilities of

the nuclear plant's control and safety systems.

(17) Laurence arrived at similar numbers by requiring

that large releases of radioactivity (from what we would now

call a triple failure) have a frequency less than 10~s per

year. He believed this risk was both less than other

industrial risks and achievable in practice. His target

implied the separation of reactor systems into three types,

each with a target failure rate which could be demonstrated:

- process systems (10 failures per year)

- protective systems (1 failure per 100 demands)

- containment systems (1 "failure" per 100 demands).



- S o -

He refined these somewhat a year later to 0.3 per year for

process failures, and 3 x 10~3 for protective and containment

system unavailabilities.

Dose guidelines for what we now call a dual failure

(of the process and protective systems) were noted in a

(18) paper in 1964 by Laurence et al. They suggested the exclusion

zone should be large enough to limit the dose to a member

of the public to 25 rem whole body and 250 rads to the

thyroid except under extremely infrequent weather conditions.

Ex.2-0(p.2.1-47, Boyd added single failures in 1967. He accepted
ref.4)

(19) Laurence's 1962 frequency guidelines. For dose guidelines he

proposed for normal operation, values in line with ICRP

recommendations; and for accidents:

- single failure of a process system:

- to an individual, 0.5 rem whole body

3 rem thyroid

- to the population, 101* man-rem whole body

101* rem thyroid

- dual failure of a process and protective or containment

system:

- to an individual, 25 rem whole body

250 rem thyroid

- to the population, 10s man-rem whole body

106 rem thyroid.

In calculating accidental doses, the worst weather conditions

occurring 10% of the time were to be used.

(20) In 1972, Hurst and Boyd removed the separate

Ex.330 (5) classification for containment and the other safety systems.
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Any process system failure would now be analyzed with any

safety system failure as part of the dual failure matrix.

A second shutdown system could be considered a separate

entry in this matrix if it was independent, in design and

operation, of both process and safety systems and if it

was capable of accommodating any serious process failure.

At the same time, because of larger fission product in-

ventories of later reactors and the large accident matrix, the

unavailability targets for the safety systems were reduced

to 10~3, and the process failure frequency of 1 in 3 years

was interpreted as a total, combined failure rate of all such

systems. This is close to where we are now. Of course, the

details will continue to change, but the basic approach has

so far been notably consistent.

The evolution of safety requirements poses an

interesting question: what about reactors which were satis-

factorily licensed under then-current guidelines, but which

do not necessarily meet newer ones? Are they unsafe? Not

necessarily — the risk per reactor has always been very

small, and what is important is the total risk from all

reactors. Guidelines which become more stringent with time

reflect more the larger number of reactors than a judgment

as to the adequacy of any particular one.

Of course, older reactors may be reassessed if

significant new information or better analytical techniques

become available. A judgment is then made as to whether the

original estimate of public risk is still valid. Such a

judgment relies on both the results of the accident analysis
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and on the probability of the initiating event. The latter

often dominates, so that the total risk is not too sensitive

to changes in the details and scope of the accident analysis.

(21) An AECB view on this question has been presented by Beare

and Duncan.

Similarly, the designer (even in a constant

regulatory climate) may on his own improve the design in a

manner that decreases public risk. This does not imply

that he feels the older designs have become unsafe, although

such criticisms have been levelled. As noted by L. Pease,

to invalidate such a criticism decisively the designer

would have to refuse to change his design beyond the first

licensed reactor — hardly a constructive position.

3.3.3 Specific Issues

During the hearings, a disproportionate amount of

time was spent on what some critics called "the maximum

credible accident". We believe such a preoccupation is

unlikely to produce useful results (quite apart from the fact

that it is US and not Canadian terminology). Catering to

specific "disasters" is unlikely to change public risk by a

significant amount. This may seem surprising at first sight,

but it follows from the very low frequency of such events.

It has already been noted that the average public

risk under AECB guidelines is less for dual failures than for

the milder single failures, because of the lower frequency.

Going beyond the guidelines, one can infer a maximum triple

failure frequency of (1 process failure per 3 years) x

(1 safety system failure per 1000 demands)2 of 1 in 3 million
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years. To estimate the consequences approximately, we can

(9) take those for the less frequent one-in-ten-million-year

event of the RSS, which has 110 early and (at most) 18,000

delayed deaths. This approximation yields an average of

18,110/(3 x 10s) or 0.006 deaths per year. (Even assuming

the consequences of the one-in-a-thousand-inillion-year event

occur in a triple failure, the consequences are only 0.02

deaths per year on average.) This calculation, admittedly

crude, suggests the average risk decreases with increasing

accident severity. There is no law of nature that says this

must be so. However, it parallels human experience in other

fields.

(22) Laurence has put it well. Defending the Canadian

Ex.330 (4) regulatory practice to an international audience, he said:

"The misleading use of hackneyed phrases is deplored, for

example, the expression "maximum credible accident" may lead

to oversight of some bad accidents that are not a negligible

risk for very large nuclear power stations in very densely

populated areas." At that time Canada was almost alone in

the world in requiring analysis of complete failure of any

safety system. Indeed, in 1961, when first setting up

(17) reliability targets for the three plant divisions (process,

protective and containment systems), he said: "Emphasis

on the worst credible accident has distracted interest from

the lees serious accidents which may be a move important

risk because they are move probable. The usefulness of the

concept is limited also by the vagueness of the word

'credible' to describe the probability of an occurrence in the
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life of the riant. It does not lead, therefore, to a

recognizable standard for safety approval. A standard of

acceptance that is expressed in more quantitative terms is

needed to guide the designer."

Critics have made several ill-defined speculations

on the course of some dual and triple failures in Pickering-A.

They have raised the spectre of an "uncoolable" mass of

fuel melting through the containment. Specifically they have

asked about the dual failures: (1) loss-of-coolant plus

assumed failure to shutdown and (2) loss of power control

plus assumed failure to shutdown.

V.199:31,163 et A reading of the Pickering-A Safety Report would
seg.

31,176 show that both accidents were analyzed (by comparison with

the extensive analysis done for the Gentilly-1 reactor).

Our approach was to show that the resulting pressure tube

ruptures would cause the reactor to shut down without

damaging the containment, and this we did. A detailed

analysis of the situation after reactor shutdown was not

carried out. An aggregation of molten fuel is unlikely.

The emergency-core-cooling system has a residual effectiveness

for undamaged, and even for damaged, fuel channels.

A third dual failure postulated for Pickering-A

was loss-of-coolant plus failure of emergency-core-cooling.

Here the moderator acts as a heat sink. (Recall that the

moderator is dumped only if the power does not fall fast

enough due to the shutoff rods alone, and then only

partially.) This system has enough capability to transport

the heat from both damaged and undamaged fuel channels.
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Finally the triple failure, consisting of loss-of-

coolant, assumed failure to shutdown, and assumed failure of

emergency-core-cooling, was advanced. This is so improbable

that it falls outside the scope of AECB guidelines. Both

we and the AECB noted that the presence of heat sinks such

as the bulk moderator and the calandria sprays could prevent

massive fuel melting. A complete guarantee of the impossi-

bility of any "core melt" cannot be given. We would note

from RSS, however, that the most likely consequences of a

core melt would be less than one prompt and less than one

delayed fatality. While we do not have similar figures for

Canada, for reasons already discussed we see no reason why

they should be very different.

Although we answered criticisms of older reactor

designs, we suggest that these were generally irrelevant

to current (or future) designs, on which the Commission will

presumably base its recommendations.

The past safety record of CANDU reactors is

impressive. Continuing care in design and operation, in

thj.s highly safety conscious industry, should keep it so.

3.4 Nuclear Wastes

The concern over wastes from nuclear power plants

is primarily due to their radioactivity. This in itself

constitutes no serious impediment since there are already

three decades of experience of safely handling large amounts

of radioactivity, so the problem is reduced to preventing

accidental releases. In assessing the difficulty of this

problem it is necessary to bear in mind the remarkably small
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volumes involved. The present amount of Canadian irradiated

fuel, of which only about one per cent is true waste, has a

total volume of about 700 m3, i.e., smaller than the room

used for most of the RCEPP's debate-sta^e hearings on

Ex.266(p.l5) nuclear energy. This 1700 tonnes of fuel has produced over

Ex.158(Ch.6) 100 billion kilowatt-hours of electricity worth about

$1 billion. Elaborate protective measures therefore need

not add more than a few per cent to the cost of the energy.

Unlike the wastes from fossil-fired plants, nuclear

wastes are contained from the start, within the fuel bundles.

The goal of waste management is to keep them contained and

to isolate them from man's environment for as long as they

represent a significant hazard. This will be done in a way

that is not only safe for the present generation but also

creates negligible risk and responsibility for future genera-

tions.

Cross-examination of AECL by the OCNR clearly

showed that AECL's development of its approach to waste

management has been conducted openly in public view from the

Ex.274 earliest days of nuclear energy. AECL published 63 papers or
V.186:28,372-

28,404 reports on nuclear wastes plus over two hundred on environ-

mental effects in the period 1952 to 1977. Consequently,

our proposals and experimental results have been subject to

peer review for decades both within Canada and in inter-

national forums. It is true that until recently there has

been little public interest in the subject but to say that

secrecy has prevented discussion is without foundation.

The same cross-examination revealed a notable consistency in
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V.186:28,372- AECL's approach. The policy that public safety should take
28,404

precedence over economic factors has existed from the

beginning and there has been a long-standing requirement that

storage should be retrievable until the means of disposal

have been demonstrated to be acceptable.

Final disposal of nuclear wastes will depend on

a political decision whether the spent fuel bundles from

Canadian reactors should be recycled to make available the

very large amounts of potential energy they contain. An

Ex.322(AECL-5707, illustrative example showed that 300,000 tonnes of uranium,
p.7)

about half Canada'a current resources, could yield about

2500 GWe-years by present once-through fuelling in existing

CANDU reactors, about twice as much energy by recycling the

contained plutonium with uranium, and about 200 GWe for

centuries if the plutonium were recycled with thorium.

Lovins first tried to dismiss the thorium cycle

V.163:23,152 by saying: "Any improvements in uranium utilisation won by

introducing a thorium cycle in Canada would be, at best,

marginal for the next fifty and perhaps the next hundred

V;163:23,305 years", but under cross-examination he conceded that by

"marginal" he meant "something like a factor of 3.6 or so"

and agreed that by the end of a hundred years the further

uranium requirements would be practically zero. He then

argued that it takes "a lot of uranium to get there" but

V.163:23,306 had to agree that this uranium could be in the form of

irradiated fuel from CANDU reactors. In arguing that all

V.163:23,306 nuclear fission fuel cycles are ultimately limited by the

Ex.238-15 natural inventory of uranium-235, Lovins neglects to
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V. 16 3:23,307 mention that just how much can be achieved with an available

inventory critically depends on the nature of the reactor

and the nature of the fuel cycle. Those familiar with

reactor physics recognize that the combination of a thorium

fuel cycle and a CANDU reactor is particularly efficient in

utilizing naturally occurring resources.

AECL argued that the scientific feasibility of

fuel recycling is already established but that a substantial

program of research, development and demonstration (R,D&D)

is required to provide the information on which to make a

Ex.158(pp.92,93) sound decision. Such a program would establish realistic

cost estimates for an industrial-scale process to determine

when recycling would be economically preferable to once-through

fuelling. Also, the operation of demonstration plants would

provide the necessary confidence that the process can be

operated as safely under industrial conditions as has already

been done in the laboratory. Fortunately, the R,D&D program

proposed by AECL can be performed within the period that

Canada has an assured supply of natural uranium sufficient

for once-through fuelling of all Canadian reactors. Thus

the information and confidence necessary can be generated

in time for the political decision on commercial-scale

application, a decision which need not be made for at least

twenty years.

Ex.228(p.13) It has been suggested that AECL was trying to force
Ex.157(p.3)
V.135:17,252- commercial fuel reprocessing on Canada. In fact, we have

17,254
V.135:17,274- been openly advocating an R,D&D program that would allow an

17,275
informed decision, setting out the program probably in more
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Ex.8 5 detail than for any other energy sector, and publishing our

work on fuel recycling for peer review and criticism since

before the first CANDU reactor was built. In the period

1952 to 1977 about 90 papers and reports relating to this :

V.137:17,47 7- subject were published by AECL. As a result there has been
17,478

growing national and international interest in and support

of the thorium fuel cycle. For instance, in 1975 a Science

Ex.53-2(pp.64-66) Council of Canada study "Canada's Energy Opportunities"

endorsed further development of the thorium fuel cycle in

CANDU reactors. More recently, thorium fuel cycles are among

the more promising options being examined by the International

Fuel Cycle Evaluation (INFCE). AECL and the responsible

V.185:28,192 Federal Minister have stated that work on fuel recycling will

remain at the laboratory level pending government decisions

Ex.28-5(p.5) following the two-year INFCE study. Given AECL's mandate,

we believe that we would have been irresponsible not to have

developed and proposed a program that offers the option of

sufficient energy for many future generations.

Ex.245 Most of the detailed criticism of fuel recvcling
V.185:28,054-

28,199 has been based on particular adverse incidents in foreign
Ex.246
V.174:25,668 et plants, or on hypothetical accidents subject to inadequate

seq.
V.185:28,162- analysis, while ignoring the large amount of favourable

28,163

experience accumulated since the 1940s, including a limited

Ex.329(p.66) amount in Canada. When a more thorough accident analysis

was examined at the UK's Windscale Inquiry, both on-site and

off-site risks were considered to be acceptably low.

Mr. Justice Parker reported that the principal objector's

witness, Dr. B.R. Thompson, believed that the proposed
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reprocessing plant could probably be built to acceptably

safe limits. The facts advanced really provide an argument

against premature commercialization of any large and

sophisticated technology and in favour of a well-planned

R,D&D program with adequate checks and reviews along the way.

V.16 3:23,142 This position would seem to be supported by Lovins who,

after criticizing fuel reprocessing for Light Water Reactors,

said: "So I don't think the findings I have referred to of

light water reactor cycles san competently be prescribed

to or rejected for CANDU systems without move information

that is available to me or I suspect to anyone else".

Until recently, all countries with nuclear energy

Ex.329(p.10) programs (and even critics of nuclear energy) assumed that

spent fuel would someday be recycled to recover its potential

energy. Accordingly, AECL's work on waste management pro-

vided for the separation of the true wastes, mainly in the

fission products, and their immobilization in a highly in-

soluble solid such as a glass. As a result of our early

Ex.158(pp.81-85) pioneering work on this subject fifty glass blocks containing

fission products were buried in the damp soil of a controlled

area of the Chalk River Nuclear Laboratories and their

behaviour has been monitored for nearly twenty years. The

extremely small release rates observed confirm the glass1

low solubility and support the feasibility of this method

for immobilizing wastes. Others have demonstrated in

simulation experiments that glasses can retain their

integrity after radiation exposures greater than expected

for Canadian compositions during the hazardous life of the
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wastes.

Now, however, in Canada as in some other countries

there is the requirement that the option of disposing of

the spent fuel without any reprocessing should be available.

Ex.158(p.73) AECL's current program therefore includes the development of
V.171:24,959-

24,960 methods of immobilizing the spent fuel without separating

the wastes.

Whichever route is eventually selected, we propose

burying the immobilized wastes deep underground, about

one kilometre below the surface, in a geologic formation

that has remained stable for hundreds of millions of years.
Ex.158(p.73 et In such a location they would remain undisturbed even by

seg.)
the advance and retreat of future ice ages. While we are

V.184:27,929- evaluating both salt deposits and intrusive igneous rock
27,937

for this purpose, the major emphasis is on igneous rock which

Ex.158(p.73 et is commonly found throughout the Canadian Shield. Through
seq.)

open international exchanges we have access to the information

being developed elsewhere in various geological formations.

A consulting engineering firm has provided a conceptual

V.172:25,261 design for a mined repository in hard rock that makes due

allowance for the thermal stresses developed.

Since this proposed method of waste disposal has

not been demonstrated in practice it is incumbent on us to

show why we believe it will ensure isolation for as long as

the wastes remain a hazard. First, qualitatively, there are

at least five successive impediments to the possible release

of radioactive materials to man:

(a) the corrosion resistance of the container in which the
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immobilized fuel or waste is placed

Ex.266 (p.32) (b) the resistance of the Immobilized fuel or waste to

leaching

(c) the very slow movement of groundwater through deep

geologic formations

(d) the retardation of the movement of any dissolved

radioactivity by filtration, ion exchange or adsorption

both within the geologic formation itself and within the

surrounding rocks and soils

(e) the hold-up of any radioactivity released to the bio-

sphere through the natural pathways to man.

This analysis assumes that water will enter the repository

somehow, even though the location would have been selected

to be as dry as possible. In the absence of water there

would be no conceivable means of returning the radioactive

material to the surface.

Ex.158(pp.78,79) A more quantitative argument will depend on a
V.185:28,201

"pathways analysis", for which the methodology is currently

being developed. This mathematical analysis uses values of

water movement, leaching rates, adsorption rates and radio-

active decay to determine the amount of hazardous material

that could escape from the repository and the biological

effects of this escaped material on plants, animals and man.

Observations on the immobility of potentially hazardous

Ex.223-3 nuclear wastes in the natural reactors at Oklo, Gabon represent

(22) the application of pathways analysis to an experiment per-

formed roughly two billion years ago, i.e., on a geological

time-scale. Very general pathways analyses using only
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typical values for the various properties, such as the one

Ex.230-2 published by B.L. Cohen, indicate that the hazard would be

negligible compared with that already existing from natural

radioactive materials or from ores of many other toxic

Ex.234-1 elements. A paper by de Marsily et al. estimated the transit

time for water movement from a 500 metre deep repository to

the surface to range from a few years, for a very poor

formation with a very high hydraulic gradient, to more

than a million years for a highly confining formation of the

type we expect to find in the Canadian Shield. A more

accurate estimate will be obtained by measuring actual

properties for a range of rock bodies of the type under con-

sideration. Finally, the pathways analysis would be performed

for the actual properties of any specific site being con-

sidered.

Lovins' attitude to geological disposal of nuclear

wastes seems to be based on a fundamental misunderstanding

V.163:23,216 of the Oklo phenomenon. When questioned by the Commission's

Chairman he said: "Let us assume that plutonium and

V.163:23,217 other fission products were rather firmly fixed at the site of

the natural reactor, I aan perfectly well hypothesise that

there were mony sueh natural reactors, as there probably

were, but that the rest were unobservable because they were

not successfully contained. Moreover, hundreds of kilos of

plutonium from Oklo moved thousands of kilometers in French

trucks, plane and ships in fact often forgotten". It is

Ex.223-3 not a fact often forgotten: It is utter nonsense. Virtually
(22)

all the plutonium produced at Oklo had decayed away by its
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natural radioactivity millions of years before the first

Frenchman appeared. Furthermore, it was not the presence

of plutonium or fission products that led to the discovery

of the Oklo phenomenon, but anomalous isotopic ratios for the

uranium. This method would still be available for detecting

other natural reactors even though their plutonium had

migrated away before decaying. A failure to appreciate that

nuclear wastes become innocuous within a relatively short time

on a geological time-scale cannot but affect one's perception

of what is involved in their safe disposal. Lovins said

V.163:23,217 further down the same page of the transcript: "The waste

business is like many nualeav issues one dominated by

laok of scientific knowledge". If he meant that many of the

critics' concerns stem from a lack of understanding of the

facts we would agree.

AECL has proposed that this verification of the

method of waste disposal through a pathways analysis should

be subsequently complemented by the construction and operation

of a demonstration repository. Initial testing would not

involve radioactive materials. When sufficient confidence

is established in the integrity of the rock and in other

assumptions used in designing the repository some radio-

active wastes would be emplaced in a retrievable manner.

This stage would test the handling procedures. The demon-

stration as a whole should confirm predictions of the

repository behaviour and ensure that no practical problems

had been overlooked. Public visits to the demonstration

facility would be encouraged, to allow the public to judge
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the operation of a nuclear waste depository from first-hand

experience.

We are encouraged in our proposal for geologic

disposal by the endorsements given this approach by three

well qualified bodies outside Canada who have made thorough

Ex.252 studies of the question, as indicated by the following

quotations:

(1) - The UK's Royal Commission on Environmental Pollution,

Chairman Sir Brian Flowers, "concluded that there are

essentially two reasonable options for the permanent

disposal of high level vitrified waste, namely geological

formations and below the ocean floor in stable areas"

(paragraph 397) and stated "we are confident that an

acceptable solution will be found and we attach great

importance to the search" (paragraph 181).

(5) - The US's "Ford/Mitre" Committee, Chairman S.M. Keeny,

stated: "Vie are convinced that nuclear wastes can be

disposed of permanently in a safe manner. If properly

buried deep underground in geologically stable formations,

there is little chance that these materials will re-

enter the environment in dangerous quantities. Even

if material were somehow to escape eventually in larger

quantities than seems possible, it would not constitute

a major catastrophe, or even a major health risk, for

future civilizations." (page 89)

- The US's American Physical Society Study Group on Nuclear

Fuel Cycles and Waste Management, Chairman C. Hebel, in

reply to the question "Should there be a moratorium
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vlasel on the jonstrustion and licensing of new reactors

in view of uncertainties about how to dispose of nualeav

waste?" said "We see no need for such a moratorium.

We are confident that long-term isolation could be

effective for either spent fuel or the high-level and

transurania waste, and that there are no important tech-

nical barriers to the development of a repository on a

pilot plant scale by 198S," The same Study Group stated:

"A uiaste repository can be developed in accord with

appropriate site selection criteria that would ensure low

probability that erosion, volaanism, meteorite impact,

and other natural events could breach the repository".

Ex.329(p.31) Also, Mr. Justice Parker, in his report on the Windscale

Inquiry, expressed confidence that the UK's HARVEST vitrifi-

cation process could be successfully established. The

interim report of the California Energy Resources Conservation

V.184:27,823 et and Development Commission has been frequently quoted as
seq.

V.189:29,057 et questioning the geological disposal of nuclear wastes.
seq.

Examination of the original source, however, reveals that

this interim report is essentially a plan for how the commission

may ascertain the facts, since up to the time of the report's

preparation the commission had little contact with those

who have worked on nuclear waste management.

Of more direct relevance to Canada, R.J. Uffen

Ex.316(p.6O) concluded: "While the technical problems are severe and a

great deal of research needs to be done, the problems of

storage and permanent disposal appear to be solvable. Bow-

ever, the public should not be expected to accept such
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statements on faith and is entitled to practical demonstration

that the proposals are achievable." Cross-examination of

V.171:24,989 Uffen showed that what he regarded as an adequate demon-
V..172:25,158-

25,159 stration closely resembled what AECL intended to do to verify
V.197:30,768 et

seq. the proposed method of waste disposal, and that he considered
Ex.316(p.23)

such a demonstration feasible within six to ten years.

Ex.266 Finally, the most/thorough, independent study of the question
/

related to Canadian circumstances has been performed by a

group headed by Professor F.K. Hare, Director of the Institute

of Environmental Studies at the University of Toronto. Their

conclusions included:

Ex.266(p.6) - "Provided that the government proceeds immediately to

V.184:27,794- the program of research and development in the following
27,802

recommendations, there are good prospects for the safe,

permanent disposal of reactor wastes and irradiated fuel,

and we see no reason why the disposal problem need delay

the country 's nuclear power program." (Contrary to the

word order in Exhibit 266, but in accord with Hare's

preference stated to the RCEPP, the proviso appears at

the beginning rather than the end of this recommendation.)

Ex.266(p.6) - "Of the various options for disposal of reactor wastes and

irradiated fuel, we consider underground disposal in

geological formations to be the most promising within

Canada. Igneous rocks are preferred . "

Ex.266(p.7) - "The overall Canadian program of research and development

is well conceived, but has received much too little

financial support and priority. "

Ex.266(p.7) - "We expect no environmental or health impacts once the
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aat'tes and irradiated fuel have been emplaaed in the

rerosi tor-j. "

Under cross-examination Hare, who had previously been un-

familiar with nuclear energy matters, demonstrated that he

had made a very thorough study of nuclear wastes management.

During his presentation to the RCEPP he indicated that he

V.184:27,794 became convinced the wastes problem was soluble as the study

progressed.

R.G. Hart, under cross-examination by the RCEPP

V.186:28,323- Chairman, reported that waste management was now the
28,324

number one priority in AECL's research and development

program. To complement the work already mentioned on fuel

and wastes immobilization, on pathways analysis and verification

and on repository design, work to identify potential sites for

a repository has also been initiated. Geologists have now

located and characterized, in terms of chemical composition,

Ex.266(p.42) gross fracture patterns, size and proximity to faults, some

1500 relevant rock formations in that portion of the Canadian

Shield within Ontario. The next phase of the program will

determine which of these are suitable and which are not. This

will be done by drilling, sampling and measuring water flows

at depth in about six to ten rock formations which represent
V.171:24,989 et the whole spectrum of intrusive igneous rock types and gross

seg.

fracture patterns. The information obtained from these

investigations and from the studies on the chemical and

physical characteristics of immobilized fuel wastes will be

assessed by a "pathways analysis" to verify the concept

that certain types of rock are suitable hosts for a repository
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and to define <-'<ich types are likely to bo technically

suitable and which are not.

Once the characteristics of suitable rock forma-

tions are defined, it is likely that other formations with

Kx.266(p.42) similar characteristics will also be suitable. In this way,

it is expected that about 50 formations will be identified

which are likely to be technically suitable. This phase

of the program will likely take about three years to complete.

V.197:30,735 At the same time, we expect to be able to prove beyond
Ex.243-1
V.184:27,982- reasonable doubt that the repository will represent a

27,984
negligibly small hazard to people or the environment. Full

information will be available for communities to examine for

V.184:27,996 et purposes of weighing the risk against the economic and
seq.

V.197:30,730- employment benefits in arriving at a decision as to whether
30,735

they wish to have the repository located in their area.

Governments also have the option of choosing a location remote

from any existing settlement and establishing a new community

to house the people that will build and run tne facilities.

Confirmation of the acceptability of any specific location

would require a further few years.

In our appearances before the Commission we have

responded to criticisms and concerns regarding waste dis-

posal. To do so we have described our plans, our criteria

and the scientific bases for them. In retrospect we are

concerned that in so doing we may have magnified the problem

as seen by the public or perhaps even by the Commission.

The basic facts are that the quantities of waste are small

Ex.158(pp.71,72) and the hazard reduces with time. After 500 years, the con-
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tents of a waste repository represent no more of a threat

than the ore body from which the original uranium was mined.

Moreover, the wastes are more carefully placed and protected.

We have described a highly responsible plan for waste

disposal; it would be irresponsible to leave the impression

of an enduring and significant hazard.

Until it is decided to consign the wastes to per-

manent disposal, with or without fuel processing, the

irradiated fuel must be stored safely and securely in interim

storage. In broad terms, two distinct methods for interim

Ex.158(p.74) storage exist. The first, underwater storage in deep pools,

has already been well demonstrated by decades of successful

operation both at laboratory sites and at power stations.

V.185:28,186 Scientific studies of corrosion rates supplemented by

empirical examination of ten-year old spent fuel indicate

that this method should be suitable for storage periods of

several decades. The second method, dry storage, is under

test at AECL's Whiteshell Nuclear Research Establishment,

in the form of four demonstration concrete canisters. These

are performing well and according to design, thereby

offering a choice of methods for interim storage. Under

V.197:30,735 cross-examination Uffen expressed marginal preference for
V.184:27,982
V.197:30,730- underwater storage, while Hare marginally preferred dry

30,735
V. 184 .-27,996 et storage. Similarly, the location for interim storage, at the

seq.

generating station or at a central site, was the subject of

only marginal preference. Thus the selection of method and

location can be confidently left to detailed optimization that

is subject to the normal regulatory processes.



At '-^ast two of the briefs presented to the RCEPP,

: x.-'2 1 ihose by CORP and N. Braden, far from opposing the proposed
: x ..'27

method for disposal of nuclear wastes, offered constructive

suggestions for its improvement.

Detailed criticisms of waste management presented

to the Commission have been largely based on experience in

other countries, and some of it so poorly documented as to

Ex.2 76 constitute little more than rumour. More important, most

of the adverse experience has been associated with the very

long term storage of liquid wastes from hastily conceived

military programs, and is irrelevant. If CANDU fuel were to

be recycled it is not intended to store liquid wastes for a

prolonged period: As in other countries' civilian programs,

demonstration of a satisfactory method for solidifying and

immobilizing the wastes would be one of the prerequisites for

proposing commercial recycling. Lovins warned: "It may

V.163:23,211 not bo wise to treat the civil and military waste in the same

way, they have quite different properties. We should not

prejudge one on the basis of the other." We agree.
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4. Information Sources

• . .-. K>:. 2 38 (;.. 4- T n e nuclear industry is often accused of being
(• 3)

'-•.137:17,477- secretive. By mid-1977 AECL had issued over 5500 openly
17,478

available papers or reports, and we have already mentioned

how many of these referred to fuel recycling, waste manage-

ment and environmental effects as issues of particular

interest. Especially notable is the fact that development

of significant policy issues had been conducted publicly

and open to peer review in national and international

forums: These issues include basic reactor design, methodology

for assuring reactor safety, principles of waste management,

potential fuel cycles, biological effects of radiation and

means of assessing acceptable risk. We submit that the

international recognition and acclaim of the CANDU system is

strong evidence that the information has been available.

Even on the matter of information relating to the licensing

of specific reactors, the critics admit that the Pickering
V.189:29,172 et and Bruce Safety Reports were available to them, and their

seq.

chief complaint seems to be that these documents were not

Ex.l33(p.42) conveniently available. When challenged on a statement in

the CCNR's "Souraebook" that the Bruce Safety Report is not

in the public domain, Edwards said: "Well yes, I have to

V.189:29,174 admit that subsequent to Deeember '76 that statement is

misleading in terms of the availability of the Bruce Safety

report".

We in AECL admit, however, that we have evidently

V. 81:10,227- failed to reach the Canadian public on these issues. Even
10,277

Ex.25 without the results of the York University survey ("Nuclear
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Power and the Canadian Public") this conclusion would be

inescapable from examination of the briefs to this Commission

expressing concern over nuclear energy. References to AECL

sources are notable for their absence. Instead, the sources

are almost exclusively those with a clear anti-nuclear

advocacy.

It is to be expected that the 100-odd bodies

V.189:29,134 affiliated to the CCNR obtain much of their information from

that source. CCNR documents should be read in the light of

V.189:29,141 their own admission that these represent biased propaganda

and in the knowledge that they contain many acknowledged

errors and distortions. The CCNR chairman, G. Edwards,

V.189:29,137 stated: "We do not feel that we have a special obligation

to present the opposing point of view since it is very

V.189:29,139 adequately represented already". To the question: "Do you

wish it to be understood that it (the CCNR's "non-Nuclear

Futures for Ontario", Exhibit 133) is deliberately biased and

selective against nuclear energy?" Edwards replied: "Yes"

and amplified: "Non-Unclear Future for Ontario is a clear

indication to any reader that this book purports to argue

against the use for non-nuclear future, in other words against

the use of nuclear power". Perhaps because this position

V.189:29,043 seems inconsistent with Edwards' previous statement that the

CCNR is not opposed to nuclear energy but is honestly undecided

V.189:29,141 on,the question, he went on to explain that the CCNR "sees

itself in a devil's advocate position".

V.189:29,195 Edwards claimed that the opinions were distinguished

from facts in the CCNR document by enclosing the opinions in



boxes, and he explained his meaning of "fants" by: "thouc

/";_*:;' tthjul : I"-' confivnable bu contacting AECL or Hydro

:,.tfbi!j cr AE'SS and asking them whether they are true or not".

V.189:29,196 When this interpretation of "facts" was challenged, Edwards

replied: "All right. I did not say fact; I said information.

Information can sometimes be misinterpreted. Information

can be sometimes, in fact, wrong, as we have seen ample

V. 189:29,203 evidence, of in this hearing". When the CCNR was asked if

the RCEPP and the public should read this document, labelled

"A Sourcebook", in the knowledge that the CCNR believed the

time available for its preparation was inadequate, I. Connerty

replied: "I am surprised that you did not know that. I

assumed that everybody connected with the Commission knew

V.189:29,213 that" (emphasis added). The public, however, was not warned

V.189:29,212 in the thousand copies distributed (the transcript is

probably in error in attributing "A hundred thousand" to

Connerty).

The reliability of the CCNR's "facts" and sources

can be gauged from a few illustrative examples drawn from

the cross-examination of the CCNR:

V.189:29,133 - In providing only capital costs for CANDU reactors, and

Ex.133 (p.19) not operating costs, Edwards admitted they were present-

ing a biased case. Although .the CCNR is very critical

V.189:29,233 of nuclear energy costing, both Edwards and Connerty

replied to a Commission question by saying that they were

not personally familiar with the RCEPP's Banerjee-Waverman

Study^ "Life cycle costs of coal and nuclear generating

stations", (Exhibit 194).
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'.'. : 89 :29,150 - The reader is given the false impression that pressure

tubes, and not calandria tubes, collapsed in the Swiss

Kx.1 ;3(p.29) Lucens reactor. (The distinction is very important in

the CCNR's criticism of the safety of CANDU reactors.)

v.l89:29,150 Edwards reason was that the extra word "calandria"

would not have fitted in the space available! Also, the

72 tubes were exaggerated to "hundreds".

v.189:29,156- - In a table of reactor accidents allegedly relevant to
29,160

CANDU reactors, the NRX reactor is wrongly described as

a CANDU prototype and a reactor if confused with a re-

processing plant. The reader is not told that the cause

of two of the accidents, fuel combustion, could not occur

with the oxide fuel of CANDU reactors.

V.189:29,169 - An innuendo that the Irish were critical of CANDU safety

was challenged on the score that the Irish had never

received a bid from which they could judge the safety.

All that Edwards could provide as reference was:

"Mr1. Walt Patterson told me he had conversations with

the Irish".
V.189:29,170- - When another error (that pressure release valves have

29,172

never been tested in full scale) was challenged, Edwards

first suggested that he had made a mistake in his

reference and then admitted: "I do not know that it is

true, I do not know that it is not true. What I do know

is that it was stated in this American report as being

true and it was not subsequently denied by anyone that

I have spoken to".

V. 189:29,175- - When asked to produce any evidence that fuel rod
29,179
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"•'allrr>:- >:j" could cause a loss of coolant accident,

as opposed to being a consequence of it, Edwards answered:

"Well, 1 have to admit I have no evidence other than what

I knou about the nature of the materials and temperatures

that are operating. Well, I guess all I aan just

say - I put the word "conceivably" in there to warn the

reader that it is just a conception. Now it is possible

that my lack of information and lack of knowledge of the

details of CANDU reactor safety has led me to conceptualize

in an area where, you know, I don't know how to get out

this sentence ".

Some other errors and distortions in the document are dis-

cussed in the appropriate section of this Final Argument.

Appended to the CCNR "Source-book" is s. pamphlet

distributed by them to the public at the Madoc meeting of

V.189:29,205 1977 March 16. The pamphlet contained, among other emotive

statements, a reference to wastes being buried in shallow

V.189:29,206 graves, which Edwards agreed was irrelevant to any possible

V.189:29,208 geological disposal at Madoc. It was also said that the wastes

were "supposed to be sealed in glass 'jars'". Despite the

V.189:29,229 CCNR's repeated criticisms of AECL's program for radioactive

V.189:29,207 waste management, and of the Hare Report, Edwards' reply

to the question: "Are you personally aware of what we, in

the nuclear community, intend by talking about dissolving

the wastes in glass blocks?" was simply "No". To the

following question: "Do you know that this is to distribute

the wastes uniformly in a glass matrix in one solid body?"

V.189:29,209 he again answered: "No". According to Edwards a reference



- 77 -

in the pamphlet to an alarming temperature of 1650°F

"corci' ;'i'on V. ,r. ecuraco ". When the public is exposed to

suc'i misleading statements, based on an apparent ignorance

of the actual facts, it is perhaps not surprising that

they tire suspicious of "nuclear garbage dumps".

V.189:29,206- When asked if he thought that this pamphlet
29,211

represented a deliberate attempt on the part of the CCNR

to scare people and to inflame the public at the Madoc

meeting, Edwards replied: "I am not the author of these

two pages and I am not prepared to defend the ahoioe of

words on these two pages. I think the best thing is to

be perfectly plain about this document, about this particular

thing. This was written by Michael Bein, these two pages,

and Michael Bein took it upon himself to write these two

pages, to bring them to the meeting. He showed them to me

about halfway through the meeting because he didn't want to

distribute them without showing them to me first. " According

to Connerty: "The decision was made, in fact, not to

distribute it because half of the people had left the meeting

by the time we got there. So a few people who were known to

us in Madoc, or who we met there that night, were given sopie--

of it and they were put out and made available, but by that

point there was no opportunity to inflame people who were

going into the meeting" (emphasis added). However, in answer

to the question whether the CCNR, far from disclaiming the

pamphlet, had chosen to append it to their "Sourcebook",

Connerty said: "Yes". This action is to be contrasted

V.189:29,226 with Edwards1 claim: "I believe, first of all, that the
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Ku.-leczr iebaie in Canada has been a rational debate largely

iue ic the efforts of CCNR to prevent polarization".

Several of those presenting briefs, including

Ex.226 R.G. Bramfitt, H. Burkhardt & R. Szmidt, PANDA, Pollution
Ex.237
Ex.228 Probe and Walk for Life, stated explicitly, or agreed in
Ex.234

Ex.224 cross-examination that they had obtained their "facts" from

V.172:25,216 F.H. Knelman's book "Nuclear Energy: The Unforgiving

Technology". This is probably the most widely distributed

and publicized Canadian source on nuclear energy, and one

that has been subject to devastating criticism by Knelman's

V.182:27,387 fellow academics among others. It is surely significant that

Ex.238 the OCNR's brief made no mention of this book in more than

V.189:29,152 600 references, and that Edwards, chairman of the CCNR, said

V.189:29,204 that he had not had time to read it. Later, however, Edwards

volunteered: "I'm not one to defend Dv. Knelman. I will

tell you something about Dr. Knelman's book. I have myself

told Fred that he was a fool not to cirau.la.te the text of

that book to myself and to many other people who could have

helped him a great deal in removing some of the silly and,

often times, inconsequential errors of fact which are con-

tained in the book". Yet this is an important source of

information on nuclear energy for many Canadians.

Typical of another set of sources is the book

Ex.l33(p.51) "We Almost Lost Detroit" by J.G. Puller. Very few of the

people alarmed by this publication, either directly or through

Knelman's book, seem to be aware of the existence of a

(23) point-by-point rebuttal published as "We Did NOT Almost Lose
V.210:33 762 Detroit".
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With the general public exposed to biased and

alarmist sources on nuclear energy, and yet largely unaware

of its benefits and excellent safety record, it is perhaps

surprising that there are not more anti-nuclear sentiments.

Reference has been made to the fact that those communities

with most relevant experience, e.g., those near Pickering,

Bruce, Whiteshell and Chalk River, have the greatest con-

fidence in nuclear energy.

While maintaining that we do make relevant in-

formation available we can understand the difficulty the

public has obtaining the information they want, or even

determining if it exists. Part of the problem is the sheer

volume of material that is available, and another is

identifying those interested among the very large number of

potential recipients. The RCEPP is probably very much aware

of this problem from its own experience and we in AECL would

welcome the Commission's recommendations in this area.



- 80 -

5. The Need for Nuclear Energy

No responsible advocate of nuclear energy

has claimed that it is the sole answer to our energy

problems. This is the straw-man argument used by our

Ex.133 critics who, incidentally, claim that "Immediate, full

scale development of renewable energies like solar,

wind and biomass is the only viable energy solution".

Ex.252 However, there is overwhelming evidence that nuclear

energy should be part of the answer.

Everybody supports conservation, but in

different ways. For instance, conservation of the

(23)-p.3 scarce fuels, conventional oil and natural gas, may

well result in increased demand for electrical energy

by certain sectors. Also, the need to conserve all

limited resources, including capital, labour and agri-

(8) cultural land, means that simple energy conservation

cannot be the ultimate criterion. Nevertheless there is

a widespread feeling that a reduction by about 50 per cent

in our total per capita energy requirements may be possible

in principle. The real question, however, is how much

will be achieved in practice, and how soon, in our free

society.

(23) The available estimates vary widely. F.H. Knelman,
V.189:29,074-

29,075 in a Science Council of Canada Background Study that

documented where savings could be achieved, concluded:

"The net overall national saving by 1995 is about 15 per

cent of that year's projected energy consumption (standard

forecast). Given a serious program of voluntary
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and mandatory demand management a saving of 30 per sent

should be possible by 1995." This is very similar to

(1) the Flowers Commission's conclusion: "A saving of

15 per cent aould be made without major changes.

Savings of 25 per cent over 25 years might be possible

(26) if a major effort were made" (paragraph 493). The Ford

Foundation's study "Exploring Energy Choices" is sometimes

quoted for its optimism regarding the potential of energy

conservation. The study's advisory board commented,

however: "In looking to the future, the report gives

inadequate attention to the question imposed by the

finite nature of fossil fuels and what happens when the

readily available supplies of oil and gas are exhausted"

(p.352).

Probably the most optimistic forecasts for

V.163:23,136 conservation are those of Lovins, who depends on these

forecasts being achieved for the success of his proposed

V.163:23,138 "soft path". In his presentation to the RCEPP he claimed

that more thorough estimates by D.B. Brooks, formerly of

the federal Department of Energy, Mines and Resources

and now a representative of Friends of the Earth, were

"quite convergent" with his. He omitted to point out

Ex.295 that Brooks' lowest forecast of energy demand is twice

his and that the document cited included the warning:

"The key factor is the level of wealth to which we

will aspire The difference (between forecasts)

quickly becomes impossible as GNP rises." Thus the
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achievement of the more optimistic forecasts is probably

to be associated with a marked change in our society

and its expectations. The acceptability of such a

change ought to be decided by an explicit political

V.163:23,230 decision. Lovins openly states: "I happen to think

that major changes of values and lifestyles ave

desirable and are to be encouraged" but claims that

this does not influence his technical argument. In

V. 163:23, 338 judging the likelihood that Lovins' forecast will be

realized, it is worth recalling his answer to the

question: "How would you oompave it (your conservation

plan) with the Ford (Foundation's) Zero Energy

Growth Plan?" He replied: "Well, I have not really

presented the plan in that sense. What I have presented

is a collection of literature citations which show what

can in practice be done th/ough particular technical

efforts and which give some consideration to the policy

instruments needed to do those things".

Ex.133(pp.11,17) The CCNR have stated as fact that energy

conservation associated with renewable energy sources

would make nuclear energy unnecessary, but there is

no evidence that this represents anything more than

wishful thinking. When questioned on Knelman's study,

V.189:29,074 Edwards replied: "I am afraid that I am not on top of

Ex.296 all the figures. " He understood that a recent EMR report

projected greater savings through conservation than did

Knelman; this understanding was not from having read the

report but from having talked with D.B. Brooks. In reply
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V.189:29,081 to a question Edwards said: "That is why we tabled

the second document (Exhibit 29f,-2 ) because Brooks has

revised his estimates Isinoe leaving EMR) and upon

revision they are quite convergent." In fact. Brooks

did not revise his estimates, as can be confirmed by

V.189:29,082 checking Table 6 of Exhibit 295 against Table 4 of

Exhibit 295-1. On being asked if he was aware of a

criticism of Lovins' energy demand estimates that would

(27) increase them by 40% (when energy is saved by increased

efficiency at least some of the money saved will be used

to buy goods whose production or use consumes energy)

V.189:29,083 Edwards replied: "I'm not aware of that particular one."

Later he confirmed that any correction for this effect

V.189:29,086 "is not included in Lovins' analysis. In brief,

neither Lovins nor the CCNR showed why any reliance

should be placed on their expectations for energy

conservation.

Ex.233(p.2) In 1976 Lovins was advising that Canada's energy

demand could be satisfied by renewable energy sources:

solar energy, "liqwood" from forest products, wind energy

in addition to existing hydro-electricity. Under cross-

examination before the RCEPP in 1977, however, he indicated

that he did not wish to take responsibility for recommend-

ing any specific energy projects: Rather, he was

V.163:23,119 advocating approaches ("soft paths") to be explored.
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V.163:23,120 "It is not intended as a precise recommendation, it is

a vehicle for ideas. I was pointing out broad

directions of policy which I think have particular

attractions, I was not trying to make a blue print

for Canadian energy policy." As stated by Mr. Justice

Ex.329(p.33) Parker: "there is a great difference between, on the

one hand, making a confident forecast, without having

either the power to aat upon it or any responsibility

for the consequences if, when someone else has acted

upon it, it proves to be wrong, and, on the other hand,

taking and acting upon a decision the consequences of

which will affect the lives of millions." This, of

course, leaves the Commission with the difficult task

of assessing how much the renewable energy sources will

contribute during the period under consideration.

Although we in AECL claim no special expertise in this

area we must challenge the assumption that renewable

energy sources make nuclear energy unnecessary.

(28)-pp.62-64 Wind energy can be very valuable in remote,

windy areas but no serious studies suggest that it will

make a significant contribution to our total energy

supply.

V.189:29,087 Two recent and thorough studies of the prospects

Ex.120-3 for liqwood in Canada suggest that Lovins had grossly

overestimated the potential supply, and that the cost

V.189:29,095 (expressed in terms of equivalent energy) would be

greater than that of the product from a tar sands' plant.
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V.163:23,327 Lovins now advises only a demonstration plant. The

CCNR changed their position even more rapidly. As

Ex.133,157 late as January, 1978 they were recommending in their

briefs to the RCEPP that liqwood could satisfy the

whole transportation sector, and still leave enough to

contribute to space and water heating. This claim was

withdrawn under cross-examination and Edwards acknowledged

that it was indeed fortunate that nobody had acted on their

earlier recommendation. In defending his position

V.189:29,088 Edwards tried to rely on a press release rather than

V.189:29,093 the original report (Exhibit 120-3).

Although there was not sufficient time to

cross-examine Lovins, the CCNR or the OCNR thoroughly

regarding the bases of their optimistic forecasts for

solar energy the situation here is probably similar to

that for conservation and the other renewables. There

is no doubt that solar heating is technically feasible.

The real question is how much it will contribute, and

when. If it is to contribute significantly, millions

of individual citizens will have to choose it by

independent decisions. This is unlikely to happen until

there is widespread confidence that the equipment will

perform economically and as expected for its intended

V.189:29,105 lifetime. Yet Edwards is now advising against the use in

Canada of the cheaper water-cooled solar-heating systems

V. 189:29,073 and saying that the prospects for large-scale, economical

retrofitting are not promising. Any adverse experience
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from ill-designed equipment, however well meant, can

only delay public confidence.

V.189:29,10 3 The CCNR claimed "we are much move certain of

our ground in the field of solar energy than we are in

methanol, because we have done our own investigation,

we have our figures". However, their perception of the

problem may be thought to be somewhat simplistic from

V.189:29,102 their statement: "The Commission could recommend a

50 per cent solar energy in Ontario by the year 2000,

if they chose to, and then the Government mechanisms,

and incentives to industry, are simply put into place

to produce that result, if it is a feasible target"

(emphasis added). The depth of their study of this

V.189:29,101 question can be judged from their answer to the question:

"How much do you think this Commission should count on?";

Edwards said: "J would have to sit down and spend a

day, or half a day, doing very careful arithmetic in

order to come up with that number, but I believe it i\

quite a do-able sum". The enormous ramifications of

such a recommendation would seem to call for more than

one day's calculations.

A study of the relative risks of various energy

technologies, presented to the RCEPP by the Atomic Energy

Ex.318 Control Board, suggests that nuclear energy is far safer

than solar energy, wind energy or liqwood production,

when all relevant factors are considered. The study

also states: "Results indicate that most of the overall
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risk for every energy system lies in non-catastrophic,

routine sources". While this study requires much more

thorough review and debate before forming the basis for

Ex.228(p.26) any policy decision, it already challenges the assumption

V.163:23,368 that renewable energy sources are benign, almost by

definition. (Lovins, for instance, said: "It is in

the nature of the technology (soft technologies) that

they are considerably more benign".)

These and other arguments make it easy to

understand statements by those most familiar with the

subject that renewable energy sources (excluding conventional

hydro-electricity) can reasonably be expected to contribute

Ex.135-2 somewhere around 5 per cent of our total energy supply

V.158:21,961- by the end of the century. This is a far cry from what
21,962

V.112:13,936- is being predicted by those who say nuclear energy is
13,938

V.113:14,090- not needed.
14,096

Ex.238-1 The call by the OCNR and the CCNR for a raora-

Ex.133 torium on all nuclear development must be linked directly

with their expectations from conservation and alternative

energy sources. If these expectations are over-optimistic,

and we have just discussed some reasons for believing

that this may be so, the consequences of such actions

could be disastrous. When asked what would be the

V. 165:23,765 consequences of having relied on Brooks' forecasts, if

they turned out to be over-optimistic, I. Hornby of

Pollution Probe-Ottawa replied: "It would certainly
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threaten the stability of civilization". Recent

events (Winter 1977) in the U.S. have shown that even

a shortfall of a few per cent in energy supply can shut

down industry, schools, etc., causing unemployment,

damaging the economy and disrupting society. If the

shortfall were to be made good by further increasing

our imports of foreign oil, we would be exacerbating

our problems over balance of payments and making

ourselves politically vulnerable to foreign oil suppliers.

These effects would be in addition to the more immediate

one of losses of jobs within the nuclear industry, and

in the community at large through economic multipliers.

A moratorium could have even more serious

consequences in the longer term. Nuclear energy

represents one of the very few technologies with

demonstrated capability of contributing to the energy

supply in the next century when conventional oil and

natural gas are depleted. However, this option will

not be available when needed unless the nuclear industry

and infrastructure remain in existence. It has required

twenty years to develop a commercially viable Canadian

V. 178:26,590- nuclear industry whose economic well-being can still
26-595

not be taken for granted. Although the CCNR has called

for a two year moratorium on all nuclear construction

and development, this apparently is not intended to kill

the industry. According to their chairman, Edwards, the

V.189:29,043 CCNR is not opposed to nuclear energy but is honestly
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undecided on the question. A logical corollary is •

that the CCNR do not view any of the problems with

V.189:29,050 nuclear energy as sufficiently serious or fundamental

that they could not be satisfactorily answered within

two years. For if they believed otherwise the only

honest course could be outright and open opposition.

V.189:29,121 The CCNR's "belief is that a moratorium

period involving a cessation of nuclear expansion

would allow a period of experimental implementation of

conservation and renewable technologies, at the end of

which it would be much easier to gauge the potential

for these technologies. It would act as a kind of

social experiment at the end of which period we should

have a much clearer indication of what is possible and

what is not possible." However, at the end of the period

V. 189:29,050 "the decision could be to make the two-year moratorium

a permanent moratorium." The willingness and ability

of industry to sustain adequate competence in such an

uncertain climate must surely be questioned. It is

also reasonable to ask why the "social experiment" cannot

be conducted without a nuclear moratorium. Edwards is

V. 189:29,252 sufficiently unsure of the future to have volunteered:

"If the industry really needs to be bailed out in terms

of remaining viable during that period of time, then I

think it is in society 's interest to see that the

industry does remain viable. Surely we can afford
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to in-.-^ot LJ'-:C ncr.cy ir. Just, kccri'n? the i ndusfru

viable while we experiment with completely alternative

L.X.329(p.34) approaches." Edwards' position is consistent with

that of Dr. Peter Chapman, who in representing Friends

of the Earth at the U.K.'s Windscale Inquiry, advocated

a continuous slow growth for nuclear energy in order

to maintain a viable industry for possible future

expansion should this be needed. However, there is no

evidence that the CCNR had analyzed either the consequences

of the moratorium they have demanded, or the means of

keeping the industry viable. Connerty admitted that

V.189:29,060 he had not even started an analysis until during the

debate-stage, many months after the CCNR called for a

moratorium. Thus in all these major policy matters it

should be recognized that the CCNR, and other groups

that depend on the CCNR for their opinions, are raising

questions for consideration and are not making well-

considered recommendations.

It is worth noting that Lovins, despite his

V.163:23,322 obvious antipathy towards nuclear energy, is not

recommending a nuclear moratorium. When asked what,

if anything, he was recommending he said: "I am not

in a position, and I don't think anyone is, to write

a detailed, fov example legislative blueprint, of

just what ought to happen in Canadian energy policy for

each, area". When pushed for any recommendai\L i on
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nuclear power for Ontario, the furthest he would go was:

V.163:23,323 "One ought to be rather sceptical about the need for

any further electric capacity". Without this clarifi-

cation one might easily conclude from his writings that

his position is less moderate.

The conclusions of the OCNR and the CCNR must

contrasted with those of more prestigious bodies which

have conducted careful studies, and of some national

leaders who presumably have access to their countries*

Ex.252 studies. Some relevant extracts were drawn to the

attention of the RCEPP:

1. World Energy Conference, Istanbul, 1977

September: To offset an oil shortage in the coming

decades nuclear power will be the major source of energy

but there also is great potential for energy from so-

called renewable sources (Globe & Mail, 1977 September 27;,

2. OECD, in a 1977 reassessment: "Faced with

the economic and political consequences of increasing

import demand, OECD countries have but one realistic

alternative to minimize inherent risks of enlarged

imports of oil: to take positive action to expand

energy supply - particularly the "oonventional" sources

of oil, natural gas, coal and nuclear energy; to realize

greater energy savings through more effective conservation

measures; and to build larger stockpiles to buffer the

effect of any deliberate supply reductions. Failure to
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do so, . . . courts the danger* of considerable economic

dislocation, slower* growth and higher unemployment."

(World Energy Outlook, OECD, Paris, 1977) .

3. Workshop on Alternative Energy Strategies

for 1985-2000: Oil supply will fail to meet demand

before 2000. Demand for energy will continue to grow

"even if governments adopt vigorous policies to conserve

energy." Nuclear power, coal and natural gas can make

important contributions. Renewable energy resources

are likely to become increasingly important in the 21st

century. (Energy: Global Prospects 198S-SO0O, C.L. Wilson,

McGraw-Hill, New York, 1977,). The Workshop consisted of

35 participants (+ staff) from 16 countries. The

signatories included Canadian M. Strong, the former

head of the U.N. Environmental Agency and organizer of

the Habitat Conference.

4. Flowers' Commission for the UK: advanced an

alternative energy strategy that would reduce future

dependence on nuclear power compared with the official

strategy but still had 16 times as much installed nuclear

capacity in the year 2025 as at present (#485). (Royal

Commission on Nuclear Power and the Environment, Her

Majesty's Stationery Office, London, 1976) . "On none

of these grounds (safety and waste management) nor on

any others did we come to the conclusion that the

abandonment of nuclear fission power was desirable."

(B. Flowers, J.Br.Nual.En.Soc. 2£, 2, p.113, 1977 April).
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The report made a basic distinction between expansion

of a current nuclear system of thermal reactors and

caution concerning reliance on fast breeder reactors.

5. The Ford Foundation (Mitre Corp.); The basis

for expansion of US electrical generating capacity for

the rest of this century should be a mix of coal and

nuclear plants, with nuclear having an advantage over

coal when compared for safety and health effects, economics

and environmental effects. (Nuclear Power - Issues

and Choices, Ballinger, Cambridge, Mass.) This

report too distinguishes between current nuclear systems

and fast breeders.

6. US President Carter: Urged more rapid licensing

of nuclear plants, increased fuel supply, fuel guarantees

to foreign countries and accelerated R&D on alternative

fuel cycles. (Policy statement, 1977 April) "I feel

that our country and others in the world are going to

have to rely quite heavily on atomic power as one of

the energy sources in the future. I think it would be

a mistake for us to think that we can't have and don't

need atomic power plants." (Speaking to out-of-town

editors and news directors, 1977 June 24).

7. Lawrence Scheinman, Senior adviser to the US

State Department's under-secretary for security assistance,

science & technology; "Nuclear power should remain avail-

able to future, generations." (Seminar, Quebec City, 1977

October 1).
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8. (US) Atlantic Council; "The utilization of

nualear power ie desirable and mandatory in the context

of a balanced energy policy leading to increased energy

independence by the United States. Nualear power has

been demonstrated to be safe, environmentally acceptable,

and economic." (Nuclear Fuels Policy, Lexington Books,

Lexington, Mass., 1976).

9. (US) ERDft Study of Inexhaustible Energy

Resources for US: In 2019, between 2.5 and 4.0 x 1015

BTU would be required from "inexhaustible fission",

i.e., breeders or near-breeders. (Proceedings of Public

Meeting, 19 77 July 20).

10. American Physical Society Study Group on Fuel

Cycles and Waste Management: "Should there be a moratorium

placed on the construction and licensing of new reactors

in view of uncertainties about how to dispose of nualear

wastes?" "We see no need for such a moratorium. "

BAPS, 22, p.985, 1977).

11. Summit Meeting of 7 national leaders, including

Prime Minister Trudeau and President Carter, 19 77 May:

"Increasing reliance will have to be placed on nualear

energy to satisfy energy requirements and to help -

diversify sources of energy. Our objective is to meet

the world's energy needs and to make peaceful use of

nuclear energy widely available, while avoiding the

danger of the spread of nuclear weapons." (Ottawa

Journal, 1977 May 9, p.l)
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12. Alastair Gillespie, chairman of IEA energy

ministers, 19 77 October: An energy crisis is looming

for Canada in the mid-1980s that will require strong

conservation and resource development. It is difficult

to convince people that the threat is real. {Globe &

Mail, 1977 October 27). The expansion of nuclear

capacity is considered a main and indispensable element

in attaining the group objectives. (Energy Daily, 1977

October 11, p.4)

13. Gordon MacNabb, Deputy Minister, EMSR:

Predicts that even under an extreme conservation scenario

Canada will have an energy gap in 1990, that cannot be

closed by renewables. To minimize oil imports "we must

aooept the fact that large new eleatriaa.1 developments

are required. " "There are no easy answers." "Consumers

in 1990 will not thank us for undue delay." (Presentation

at Halifax, N.S., 1977 April).

14. Donald Lougheed, senior vice-president,

Imperial Oil: Canada is going to have to go all out

to develop new energy supply unless it is to become

critically dependent on foreign sources for the energy

it needs. Hydro and nuclear power projects, development

of frontier gas and additional heavy oil development

must begin immediately. (Ottawa Citizen, 1977 October 19,1
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15. Kenneth Hare, Director of Institute of

Environmental Studies at the University of Toronto,

having made a special study of the problem of nuclear

wastes is reported to be in favour cf getting on with

a national waste disposal program. Apparently there

is no reason to delay the nuclear power program since

prospects for nuclear waste disposal are good. (Globe

& Mail, 1977 October 4). We need nuclear energy now

and the geological disposal of nuclear wastes is the

easiest, safest way of getting rid of them. (Talk to

hydrogeologists at Harbour Castle Convention Centre,

Toronto, reported in Toronto Star, 1977 October 27).

Ex.329 (p.33) Since this list was presented to the RCEPP

Mr. Justice Parker, in his report on the UK's Windscale

Inquiry, concluded that conservation and renewable

energy sources are unlikely to make nuclear power un-

necessary, saying "To divert available resourees

to such efforts to an extent which would prejudice a

large scale reliance on nuclear power should it be

needed would, it seems to me, be an act of bad management

for which this and future generations might justly

blame the Government should such reliance prove to' be

(29) required." A.M. Weinberg analyzed the consequences

of a 25-year nuclear moratorium in the US. He concluded

that the US, with its rich endowment of resources, could

survive. However, he identified no benefits from the

moratorium, only costs and risks. Furthermore he did
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not address the question of what energy sources would

be available to the US at the end of the 25-year period

when conventional oil and gas would be effectively

exhausted.

The common theme of all these bodies that have

studied the question thoroughly is that nuclear energy

is needed in addition to conservation and alternative

energy sources.
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6. Conclusion

In the CANDU nuclear system Canada has

acquired the capability for technological sovereignty

and resource security in the vital area of electricity

supply. This position has been achieved in competition

with other countries and major international corporations.

The Canadian nuclear industry already employs over 30,000

people with an output of more than $1 billion per year.

As a result about one quarter of Ontario's

electricity is obtained from nuclear energy, with an

exceptional record for reliability, safety and economy.

For the rest of this century and into the

next, nuclear energy provides the opportunity for

decreasing our dependence on dwindling supplies of the

conventional fossil fuels. The electrical sector, with

a demonstrated capacity to grow at a rate of about 7%

per annum, is in a better position than most energy

sectors to substitute for rapidly dwindling stocks of

conventional oil and gas; and through the use of

nuclear fuels it can do so without fear of fuel shortages.

In Canada, the extent to which nuclear energy is exploited

for this purpose is the responsibility of the appropriate

provincial authorities.

When compared with available alternatives

for electricity generation, continued use of nuclear

energy offers security of fuel supply, decreased
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vulnerability to foreign suppliers, employment

opportunities and improved balance of trade for the

nation, as well as cash savings for the utilities1

customers. The environmental effects of nuclear

energy are probably less than for any of the alter-

natives.

For the longer term, nuclear energy represents

one of the very few dependable options to supply energy

indefinitely at a reasonable cost.

The CANDU nuclear system, as operated by

Ontario Hydro, is a major Canadian achievement that

has aroused worldwide admiration and even envy. Some

of the reasons are:

- through its use of heavy water as moderator it

burns natural uranium, thus yielding the world's

lowest fuelling costs and making Canada independent

of foreign sources of enriched uranium

- on-power fuelling has contributed to exceptionally

high availability for power generation

- the bulk of the reactor components and the fuel

can be fabricated by an established, domestic

industry • •

- the absence of fuel enrichment simplifies both

fuel supply and safeguarding nuclear facilities
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- retrievable storage of spent fuel had been planned

from the start, allowing sufficient time to

develop and demonstrate safe and responsible

disposal of the wastes

- the system is capable of operating on advanced

fuel cycles which can ensure fuel supplies for

centuries, without the need to introduce a

drastically new type of reactor.

CANDU technology offers immediate benefits with the

prospect for gradual evolution rather than obsolescence.
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