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The development of nuclear power in Canada is a social

issue that has been characterized by a growth of public negativism

in recent years.

Attitudes are shaped by learning and the Canadian Nuclear

Association has recognized the need for accurate information about

current public and leadership knowledge regarding nuclear power in

Canada.

The CNA research reports "Nuclear Power and the Canadian

Public" and "Canadian 'Policy-Makers' Views on Nuclear Energy"

prepared by the Institute for Behavioural Research at York

University indicate numerous target areas for increasing general

knowledge about nuclear power. The reports are public documents and

I hope that you have or will have the time to review the findings.

Selected results from these reports will be summarized and discussed

in this paper.

Design of Studies

The studies were designed to assess levels of knowledge,

perceptions and attitudes toward the use of nuclear power in Canada.

In the study of the Canadian public, members of the

population aged 18 years and older were scientifically sampled from

five regions across Canada. Personal interviews were conducted with
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over 2,100 Canadians during March and April, 1976. The results of

this study is representative of the Canadian public.

In the leadership study, 203 personal interviews were

conducted across Canada between April and July, 1976. The

leadership sample included businessmen, politicians, civil servants,

academics and environmentalists. The data from this study provide

interesting insights as to the position of these leaders, but does

not scientifically represent the larger universe of Canadian

leaders, since this universe is unknown.

Selected Results; Canadian Public

The level of knowldege of Canadians concerning the use of

nuclear power to produce electricity is quite low. Only about half

(56%) of the public had the minimal knowledge required to state that

they knew about nuclear power. A summary of Canadian nuclear

knowledge by region, sex, age and education is presented in Table 1.

Increasing the general knowledge of Canadians, especially

the 44% who are not aware of nuclear power, appears to be a primary

information objective for the nuclear industry.

Specific questions relating to nuclear power were asked of

the 56% of individual who had basic knowledge of nuclear power, and

a selected number of these questions and the results are presented

in Tables 2-4 and the discussion.
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TABLE 1

PERSONAL KNOWLEDGE OF NUCLEAR POWER

Question 19b: "Do ]ou know about the use of
nuclear power for generating

you
lear

electricity?"

Percentage Distribution

Yes No

TOTAL PUBLIC 55.9 44.1

Region

Atlantic
Quebec
Ontario
Prairies
British Columbia

38.5
48.5
62.0
52.7
71.5

61.5
51.5
38.0
47.3
28.5

Sex

Men
Women

67.2
45.3

32.8
54.7

Age

18-29 years
30-45 years
46-59 years
60 years and
over

55.5
56.6
59.1

52.6

44.5
43.4
40.9

47.4

Education

Primary school 38.2
High School 55.9
Technical 60.3
University/
College 79.1

61.8
44.1
39.7

20.9
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The public's attitude to the use of nuclear power is

presented in Table 2. Approximately 21% of informed Canadians were

opposed and 68% favoured nuclear power.

The results of Table 3 indicate the fear that exists

related to nuclear plant safety. About 39% of informed Canadians

were unsure as to the safety of nuclear power plants.

The fear component is substantiated by several other

questions based on social distance theory. For building nuclear

plants in Canada, 68% of informed Canadians were in favour; 63% were

in favour of them in their Province; but only 40% were in favour of

a nuclear plant in their local area. In another social distance

question related to proximity to nuclear power plants, a majority of

respondents favoured rural (47%) or remote (30%) areas. Fear is a

difficult emotion to displace; however, from psychological theory,

it is clear that irrational fear or fear of the unknown is the most

difficult of all. It is not surprising that the public with limited

nuclear knowledge or none at all would fear nuclear power. A number

of disadvantages of nuclear power (Table 4) were listed as

respondent free responses in the interviews. Since many of these

disadvantages could be interpreted as fear producing, they would

serve as an excellent basis for providing information to the public.

All of the public interviewed responded to important

questions related to information sources, energy and conservation.
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TABLE 2

PERSONAL OPINIONS ON THE USE OF NUCLEAR POWER

Question 28: "What is your opinion about the use of
nuclear power for generating electricity?
Would you say you are,

Percentage Distribution

TOTAL PUBLIC

Region

Atlantic
Quebec
Ontario
Prairies
British
Columbia

Sex

Men
Women

Age

18-29 years
30-45 years
46-59 years
60 years and
over

Education

Primary school
High School
Technical
University/
College

Strongly
Opposed

7.7

13.8
9.0
6.4
4.2

10.3

7.1
8.5

7.2
7.2
8.6

8.0

6.7
6.1
6.7

11.5

Opposed

13.1

13.9
16.2
7.9
15.4

20.3

12.5
14.0

12.3
12.3
14.2

14.2

12.2
13.2
10.4

15.5

No
Opinion

4.5

3.9
5.4
4.2
2.7

6.2

3.5
S.O

3.1
4.1
6.6

5.0

9.8
4.5
3.1

1.9

In
Favour

53.5

48.9
52.3
56.8
52.1

49.1

53.9
52.8

62.1
52.5
46.0

51.2

46.1
54.3
63.3

52.0

Strongly
In Favour

14.9

14.3
11.1
18.8
16.5

8.3

18.9
9.3

12.7
15.8
16.0

15.3

20.5
13.8
13.4

13.5

Undecided/
Don't Know

6.3

3.2
5.0
5.8
9.1

5.8

4.1
9.5

2.6
8.1
8.5

6.2

4.6
8.1
3.1

5.7
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TABLE 3

EVALUATION OF SAFETY IN CANADIAN PLANTS

Question 33a: "Do you think that nuclear power plants in
Canada are ...

Very
Safe

Percentage Distribution

Quite
Safe

No
Opinion

Not
Too
Safe

Very
Unsafe

TOTAL PUBLIC 13.1 43.0 4.7 30.2 9.0

Region

Atlantic
Quebec
Ontario
Prairies
British
Columbia

Sex

Men
Women

Age

18-29 years
30-45 years
46-59 years
'60 years and
over

«
.', Education

Primary School
High School
Technical
University/
College

12.
6.

18.
15.

5.

16.
7.

10.
15.
17.

9.

7.
13.
14.

15.

2
9
4
6

5

9
5

0
1
6

3

3
5
7

5

38
19
52
46

50

45
39

46
44
37

42

38
43
40

44

.4

.9

.2

.9

.1

.3

.4

.2

.2

.5

.3

.1

.2

.7

.4

2.9
4.8
3.1
5.9

8.8

2.6
7.9

3.0
5.1
6.9

4.2

7.0
5.9
1.7

3.1

38.8
49.5
22.2
24.6

25.1

26.2
36.2

31.9
27.2
27.8

35.5

34.9
27.9
34.9

30.1

7.7
18.9
4.1
7.0

10.4

9.0
9.0

8.9
8.4

10.3

8.8

12.7
9.5
7.9

6.9
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The public ranked nine information sources (Table 5) on

the basis of the perceived reliability of the sources. These

information sources may be an important factor in informing the

public in the future.

The nuclear information that the public indicated they

would like included: tell all about nuclear power (73%), safety and

risk (68%)/ how nuclear power is used to produce electricity (31%),

waste disposal (14%) and long term effects (15%) .

A large majority of Canadians (91%) rated energy

independence as an important objective. About 20% of Canadians

thinks that there is an energy shortage now, but half of the

population expects such a shortage within 5 years. Many Canadians

(79%) believe that Canada's energy requirements will continue to

grow. Information programming relating nuclear power development to

energy independence, energy shortages and growth would appear to be

most useful to the public.

Conservation of energy appears to be well established at

least at the information level. About 69% of the public reported

that they were conserving energy in taking measures such as turning

off lights, turning down heat, using smaller car and appliances

less. There is an apparent contradiction to the effectiveness of

these conservation practices in conserving electricity. Only 19% of

the population indicated that they were using less electricity with

about 80% indicating that they were using about the same amount or
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TABLE 4

DISADVANTAGES OF NUCLEAR POWER

Unprompted Mentions % Total

Radiation

Waste Management

Pollution

Explosions

Costs

Security

Other

29

19

16

14

12

5

5
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TABLE 5

RELIABILITY OP INFORMATION SOURCES

Question 45a: "Would you please tell me how reliable you feel the
group, individual or news report mentioned on this
card, is in providing information about nuclear power.

Percentage Distribution

Source

AECB

"Very reliable"
or

"Reliable"

65

"Very unreliable"
or

"Unreliable"

12

Environmental
Conservation Groups

Federal Minister

Newspaper Reports

Provincial Ministry

M.P.P.

Scientists

T.V. News

Electric Utility

57

62

48

61

43

74

67

58

21

19

32

21

34

11

16

23
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more. About 60% of the population felt that voluntary reduction in

energy use was the most effective and acceptable method of

conserving. The conservation information program has been

effective; however, the concervation practices aopear to be token

responses. A second level conservation information program may be

able to increase the amount of conservation practiced and energy

saved.

Selected Results ; Canadian Leaders

These results are based on leadership interviews with

businessmen, politicians, civil servants, academics and

environmentalists.

Of all the leaders, the environmentalint are most

knowledgeable about nuclear power, whether measured by knowledge of

news events, amount of reading on the subject or actual familiarity

with the CANDU reactor. Academics are the second best informed with

businessmen, civil servants and politicians having similar low

levels of information.

Politicians as a group were only able to mention one

difference (Table 6) between the CANDU reactor and American

reactors. Environmentalists demonstrated their superior knowledge

on this question by mentioning 2.6 differences on the average.

These results indicate the need to prepare information programs for
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TABLE 6

HOW CANDU DIFFERS

Could you tell me how it (CANDU) differs from
the American system?

Average Number of
Group Differences

Businessmen 1.8

Civil Servants 1.4

Politicians 1.0

Academics 2.4

Environmentalists 2.6

' J
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leaders who may have a difficult time of keeping abreast of the wide

variety of issues and developments in society.

The leaders were asked their opinion about the use of

nuclear power and their responses appear in Table 7. All of the

leadership groups wiLh the exception of Environmentalists favoured

nuclear power development. The businessmen were the most favourable

to nuclear power with environmentalists being most unfavourable.

Civil servants, politicians and academics, while favourable to

nuclear power development, tend to represent a more moderate or

undecided position.

The response of leaders to the safety of nuclear power is

most interesting compared to the response of the public on this

question (Table 8). It would appear that fear is not a primary

concern of businessmen, civil servants or politicians. Academics

and environmentalists appear to be more closely alined with the

general public on the safety issue.

On the question of disadvantages of nuclear power (Table

9), expense was identified by all of the leadership groups far more

than by the public. However, similarity with public concern exists

in the areas of radiation, waste, management, pollution and

explosions. The academic and environmentalists appeared to share a

high level of concern for the security of nuclear plants and

materials from terrorists or others who might use them against

society. Collaboration in developing, publicizing and monitoring



TABLE 7

LEADERSHIP ATTITUDE ABOUT NUCLEAR POWER

"What is your opinion about the use of nuclear power for generating
electricity" Would you say you are strongly in favour, in favour,
opposed, or strongly opposed?"

Businessmen

Civil servants

Politicians

Academics

Environmentalists

General public

Strongly
In favour

32

15

15

18

0

15

Percentage Distribution

No opinion
undecided

In favour don't know

57

62

40

36

10

54

9

5

20

6

5

10

Opposed

1

15

20

14

24

13

Strongly
Opposed

1

3

5

26

62

8

Total

100

100

100

100

100

100
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TABLL 8

LEADERSHIP ATTITUDE ABOUT SAFETY

"Do you think that nuclear power plants in Canada are very
safe, quite safe, not too safe, or very unsafe?"

Busninessmen

Civil servants

Politicians

Academics

Environmentalists

General public

Very
Safe

45

40

40

22

10

13

Quite
Safe

49

33

45

43

38

43

Percentage

No opinion
undecided
don't know

2

8

15

6

10

5

distribution

Not
too
Safe

4

20

0

23

14

30

Very
Unsafe

0

0

0

6

28

9

Total

100

100

100

100

100

100



TABLE 9

DISADVANTAGES OF NUCLEAR POWER BY GROUP (FREE RESPONSES)

Percentage Distribution

Waste Other
Too Radia- manage- forms Uses

expen- tion ment of Explosions/ scarces
None sive danger problems pollution dangerous Security Resources Other

Businessmen

Civil servants

Politicians

Academics

Environmentali st s

General public

6

3

5

4

0

9

36

33

26

28

43

14

25

13

32

30

33

32

38

40

42

48

62

22

22

35

11

36

24

18

23

33

26

36

33

15

9

5

0

20

38

6

3

5

5

10

14

0

12

13 '

26 C

18

38

5
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RATING OF THE RELIABILITY

Mean rating on
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improved security systems would appear to be one area of major

reassurance to these leaders.

The leaders were asked to rate reliable information

sources and these ratings appear in Table 10. In information

programming for leaders, the AECB, scientists and government

agencies appear to be the best sources for all leaders except

environmentalists. The environmentalists appear to rely on

environmental groups and scientists for their information.

Newspaper reports and T.V. news do not appear to be a reliable

source for any leadership group.

Summary

The results of the CNA study indicate that there is an

urgent need to provide a variety of information about nuclear power

to the public and leaders in Canada.

Prom the nuclear industry point of view it may be that a

massive information program will be required to provide basic

information about nuclear power to almost half (44%) of the

population who do not know that it can be used to produce

electricity.

The nuclear information needs identified by the public

included: tell all about nuclear power, safety and risks, how

nuclear power is used to produce electricity, waste disposal, what
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to do in case of failure and long term effects. It would also

appear that the public's fear and concerns can best be addressed

with an abundance of information on these topics. The reliable

sources indicated by the public suggest the means of delivering the

information to the public.

Canadians (91%) rate energy independence as an important

objective. Information programs relating nuclear power development

to energy independence, energy shortages and growth would appear

likely to gain the attention of the public as well as provide useful

information to them.

Canadian leaders do not appear to be as well informed

about nuclear power as might be expected. The AECB, scientists and

government agencies appear to be the best route to deliver specific

information programs to businessmen, politicians, civil servants and

academics. Environmentalists, who were the best informed group,

rely on environmental groups and scientists for their information.
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NEW DIRECTIONS FOR PUBLIC INFORMATION PROGRAMS

B. j. McCutcheon - Public Relations Manager
Babcock & Wilcox Canada Ltd.
Chairman, CNA Public Affairs Committee

When we planned this seminar we hoped that we would be able to

discuss the CNA's responsibility for public information activity

in the context of an expanded and strengthened long term program.

This will not be possible at this time.

While our Association's planning in information programming

is well advanced, we still have not obtained full approval or

funding. As a result, we will have to deal in generalities to

some extent and relate these generalities to the opportunities

each of us has or may seek as spokesmen for the nuclear industry.

Before we do this, I want to review some of the opportunities and

problems the nuclear industry faces in information programming.

These same opportunities and problems will influence the ability

of each of you to be effective spokesmen.

Most of the opportunities and problems I plan to review to-day

could be put under one of three headings.

Q Public expectations - content

0 Getting heard - methods and media

0 Credibility - quality and dependability of information

The last few years have seen dramatic changes in public information

activity. Here and in the neighbouring United States there is a

suspicion that secrecy, conspiracy and wrongdoing are likely to be

associated with important institutions of society. A sordid path

can be traced from the revelations of the Pentagon Papers, through

the Watergate conspiracy , the scandals associated with illegal

political contributions and bribes paid by Corporations and the

sex scandals of recent months.

cont'd



- 22 -

Investigative reporters Woodward & Bernstein of the Washington

Post have become folk heroes in the United States. Journalism

faculties are swamped with applicants. Muckraking is not only

respectable again ; it is expected by a public that believes

it has been lied to and manipulated. But now it appears that

the public are even casting a skeptical eye on newspapers. However,

the public still rate as highly credible the spokesmen they can

see and hear - particularly television newscasters.

This is something of the communications environment in which the

Canadian Nuclear Association is seeking to mount a public inform-

ation program. While some may argue that our Canadian climate

is not as negative as the communication climate south of the

border we still have a long way to go in meeting public expect-

ations .

The public attitude survey tells us that Canadians want "the

whole story". They want to know the "benefits and risks". They

want to have all the facts. This poses special problems and

opportunities in planning the contents of our communications.

For one thing, while Canadians say that they want the whole

story, I'm just as sure that most don't want a lengthy or detailed

discussion of nuclear issues. They would likely add the caution -

"keep it simple". The public expects both the nuclear industry

and the critics of nuclear power to make the subject and the

issues simple enough to understand, relevant enough to be interest-

ing, comprehensive enough to be believeable and presented by

those technically competent enough to be credible. A very tall

order!

But before we can find out if our information program meets public

expectations we have to get our message heard. I would like to

share with you an observation of Robert Landry of Imperial Oil

who recently wrote regarding public perception of business comm-

unications :

cont'd
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"Faced with the plight in which business finds itself, an
instinctive human reaction is to look for someone to blame. (But
it isn't) logical to blame the public for not listening to our
story. The fault for a failure in communication lies primarily with
the communicator, not the person to whom the message is directed.
Other segements of society seem to get their story across quite
successfully".

Public reaction to the nuclear industry is similar to the extent

that we often do not reach the public. Only the already commit,ad

- whether opposed or in favour - seem tuned in. We should under-

line the study finding which notes that most Canadians do not

believe there is an energy shortage now. For that reason commun-

ication about nuclear energy does not immediately ring a responsive

chord with the public.

To complicate matters, the public are bombarded each day by an

erormous number of competing messages. Our government, our employers/

thousands of advertisers and scores of special interest groups are

only some of the competitors for the attention of the public.

This problem of gaining an audience has not gone unnoticed by

those who oppose nuclear energy. They have the same problem - getting

their message heard. Unfortunately for us it suits their purposes

to polarize discussion and stimulate an adversary quality to

public consideration of the nuclear option. This works to our

disadvantage among the media that survive in the main on bad

news or deviations from the norm - the "man-bites-dog" syndrome.

Another very important consideration in getting heard is selection

of the most appropriate media. Here, we must not overlook the

tremendous influence of television. However, too many of us think

primarily of newspaper coverage. We are familar with the media

that have the least influence on the public. A few of us are com-

fortable with radio or television. Given 90 seconds, few of

us can make a high impact television statement even if we have the

opportunity.

cont'd
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Simply stated, I believe our methods are too traditional. We

rely too heavily on brochures, pamphlets, speeches to "safe"

audiences and releases to the newspapers.

In order to make sure that we are heard we will have to select

our methods carefully and in many cases up-grade our own skills

to be competitive in the electronic media.

Now, let's turn to the question of the credibility of our inform-

ation programming. Unfortunately, the public attitudes study

did not try to measure the credibility of the Canadian Nuclear

Association's own communications. However, I think it is safe

to predict that communications from the CNA would be seen as

having a high degree of self interest. This could work against

us.

On the plus side, the CNA has within its membership the sort of

resources that the public regard as highly credible. Scientists

and those who are technically skilled are likely to be the most

credible spokesmen in presenting information about nuclear energy

in public forums. We should therefore take a conscious decision

to make maximum use of articulate, technically competent individ-

uals in extending our communication activity.

An effective communication program will play a major part in the

public acceptance of nuclear power. We must respect the public's

right to have a say in nuclear decisions. We must respect the

sincerity of critics who question the use or suitability of nuclear

power in our society. And we must tell the public, what it wants

to know about nuclear matters - telling what is being done, why

and what possible effects they will be.

cont'd
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There are two additional challenges that I would like to address

in these remarks. Even if we can effectively deal with the

public's expectations and get our message heard through credible

spokesmen we still have a few hurdles to overcome. One of these

challenges is that nuclear energy is being singled out as the

symbol of growth, high technology and high risk. Environmentalists,

the "small is beautiful" people, conservationists and others have

selected nuclear energy as the symbolic villain that must be put

away.

I am convinced that the whole question of continuing rapid growth,

our own dependence on complex high technology systems and our

culture's inability to live "in harmony with the land" are more

at the root to opposition to nuclear power than we first thought.

This poses the additional challenge of dealing with the discussion

of the nuclear energy option in a broad social context. It will

call for an understanding and appreciation of the limitations and

possible contributions of alternative renewable energy sources.

It will require the ability to assess these and the nuclear option

in terms of their social impact.

The nuclear industry's spokesmen must avoid being caught in the

trap of being held responsible for all that is "big". One of

our great challenges will be to inform the public about nuclear

energy and show in simple direct terms the socially worthwhile

contribution being made by Canada's nuclear power program.

The final challenge is the increasingly political nature of the

nuclear debate. The issue of nuclear power was a major factor

in the recent defeat of the governing party of Sweden. It became

a noteworthy issue in the recent U.S. presidential election. In

Ontario, the New Democratic Party have taken a party position calling

for a moratorium on nuclear power development. Federal Conservative

Leader Joe Clark has signed the essentially anti-nuclear petition of

the Canadian Coalition for Nuclear Responsibility,

cont'd
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Nuclear industry spokesmen must not get trapped in the world

of technical and factual data - ignoring the political world

outside. It is almost certain that the future of nuclear energy

in Canada will now be settled within political forums. This

consideration makes our politicians a strategic audience. We

must make sure they have good solid factual information from us

before they take decisions.

But, we must equally sure that Canadian's generally have the

same solid information. In our society, "followership" is the

name of the game for political leaders who hope to survive.

Leaders are not likely to take positions on divisive issues

unless they sense that the majority of the people are with them.

And giving the people the sort of solid, dependable information

that will help them reach sound decisions about nuclear energy

is the job of the nuclear industry, the utility's, appropriate

government departments, the educational institutions - but not

necessarily the politicians.

These are the challenges I lay before you. Each of them is im-

portant to our industry in seeking new directions in public

information.
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PUBLIC PARTICIPATION

Presented by

A. Hill
Director
Route and Site Selection
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INTRODUCTION

This is a Seminar for Industry Spokesmen. Your contribution through

dialogue with the public is of assistance to us in Ontario in carrying

out programs of public participation for the planning of our facilities.

I shall address most of my remarks to three questions:

1) What is Public Participation?

2) Why do we need it?

3) How can it be accomplished?

Ontario Hydro has become increasingly involved in Public Paricipation

since the early 1970's. Two specific recommendations of Task Force

Hydro*reports in 1972 addressed this activity and I quote:

( * Task Force Hydro. A group appointed by the Government )

( of Ontario to review the function, structure, operation,)

( financing and objectives of Ontario Hydro. )

Task Force Hydro recommends that:

1) Hydro consider the establishment of ad hoc citizens' task

forces to provide for citizen participation in the locating

of generating and transmission facilities and in other

matters of concern to the public.
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2) Ontario Hydro planners, in collaboration with Government at

the provincial and local levels and with interested

individuals and citizen groups, develop an open planning

process to produce economically and technically feasible

plans for transmission and generation facilities acceptable

to the public and with minimum adverse environmental impact.

Formal hearings also constitute an element of the public participation

process. We have been involved with many of these in recent years,

including:

- Ontario Energy Board

- National Energy Board

- Solandt Commission

- Environmental Hearing Board

- Select Committee of the Legislature

- Royal Commission on Electric Power Planning.

A common element in public participation and in all hearing processes

is the demand for information of various kinds.

Ontario Hydro's general policy regarding release of information to

the public is as follows:

Ontario Hydro, as a public corporation, should make the

disclosure of information a natural part of its operating
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procedures, whether in response to requests from external

sources or on its own initiative.

For requests from the news media, private citizens and special

interest groups, the general policy is to respond to all

that are reasonable.

Certain information, such as the following may reasonably be withheld.

1. Matters under negotiation and matters requiring the

concurrence of a second party involving contracts, employee

relations, or dealings in property.

2. Working papers and preliminary or partially-completed reports.

3. Certain manuals, specifications and drawings and other

documents in which the Corporation has a proprietary interest.

4. Matters of policy under consideration.

5. Information concerning physical security systems within

Ontario Hydro.

Some requests may not be reasonable because of the extensive manhours

required, either to compile the information or to rearrange it in a

different form from that in which it is normally kept. Tn such

instances, every effort will be made to explain the difficulty and to



- 31 r-

encourage the enquirer to accept information in the form it is

normally kept or supplied to review bodies.

WHAT IS PUBLIC PARTICIPATION

To some, public participation is a method of getting public comment

on a proposal. To others, it is an opportunity for the public to

confront a proponent with objections which must be recognized. To

still others, it describes any project which is not planned entirely

by its proponents. -

I believe public participation means sharing information and

alternatives with the public at large. It should be carried out in

such a way that individuals and organizations can contribute infor-

mation and suggest priorities concerning the selection of facilities

and the location of facilites.

The public participation should begin early in the planning stage,

to review all alternatives or perhaps contribute new alternatives,

and carry on through the review and approval stages.

Ontario Hydro is not planning its proposed facilities today on its

own. The public is making a valuable contribution.

We have defined this activity as: "that essential element of the

planning process by which the concerns of the potentially affected

public are considered in the planning of Hydro facilities. The aim
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is to ensure that the public's interests and priorities are

incorporated from the earliest stages of planning. The broadest

possible involvement should be encouraged with the public working in

conjunction with Hydro to arrive at recommendations that will assist

in any decision-making."

The process of involving the public should be complete and timely

and as continuous as possible.

WHY DO WE NEED PUBLIC PARTICIPATION

Ontario Hydro is a provincial utility serving the electrical needs of

the whole province. Its decisions can affect a very large public with

respect to

Price

Quality of service

Type and location of its facilities.

Price and quality of service have come under increasing public

scrutiny during the last 4 years, usually in public hearings.

The type and location of facilities have become matters to be

discussed with the public.

The external planning process untii 1971 consisted largely of contact

with several levels of government officials. Ontario Hydro reviewed

plans for its projects with a "liaison committee" consisting of

representatives of several ministries of the provincial governmant.

Other regulatory agencies, including federal authorities, regional

and county planning officials, and conservation authorities, were
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consulted. After alternatives had been considered and reviewed,

local municipalities were normally consulted to determine if the

proposed project interfered with any planned or proposed develop-

ments.

The public itself - either as interest groups, or as affected

individuals - was not an integral part of the process. It was not

customary to hold public meetings or to publish information until a

site or route had been designated for a facility.

The demand by the public for a say in planning began to show in 1971

with the rejection of the site chosen for the Toronto Central switching

station, and reached a peak in 1972 with the concerns expressed for

the proposed Nanticoke-Pickering 500 kV transmission line. At that

time, a group of individuals submitted a petition containing 5,000

signatures asking the Premier of Ontario for a further study and a

public inquiry into the routing of the transmission line. This

request was met with the appointment of Dr. Omond Solandt under the

Public Inquiries Act to review Hydro's proposed route.

Thus, in the external planning process until 1971, the public was

largely informed "after the fact."

A number of factors have probably combined to make this unacceptable

and I suggest only a few.

1. The intrusion of our major facilities into rural areas.
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2. Urbanization of southern Ontario.

3. Concern over pollution of the environment.

4. An unwillingness on the part of many to accept decisions

made by others which affect their lifestyle.

I believe that public participation as it has evolved reflects

society's need for a voice in comprehensive over-all planning.

In other words, the public wants to be informed and involved "before

the fact".

In Ontario, the Royal Commission on Electric Power Planning is

reviewing matters which pertain to alternative electrical systems

of the future. It is expected that proposals will have to be approved

under the formal process of the Environmental Assessment Act, 1975.

HOW CAN PUBLIC PARTICIPATION BE ACCOMPLISHED •

First of all, let me say there is no ready formula which I can offer,

and say "this will be successful".

A public participation program should be custom designed to suit the

need.

Perhaps my comments to Nuclear Industry Spokesmen will be most helpful

if I briefly discuss some points which should be considered.
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1. Identify proposed objectives and Scope of Study. This

will provide the base data for a Public Participation

Program. The program should be designed into the overall

work program.

2. Type of Facility

The type of facility can have a significant effect on the

program since it may or may not

- add a valued physical asset to the community

- affect a large or small number of people

- impact on small physical area or large physical area.

3. Location

The facility may be located in a rural area, or an urban area

or a changing area. This can affect the number of people

involved.

4. Goals and Roles of the Public

Consider the goals and roles of individuals and groups. They

may be narrow or broad. Recognize possible limitations

and conflict with the proponents' goals.

Do you want the public to:

- participate and contribute local data and values

- be educated or better informed

- just be informed

- suggest other alternatives.
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5. Time-Frame and Continuity

Make the public aware of the need for timely input and the

continuing nature of their involvement.

6. Resources

Provide the knowledgeable resource staff to dialogue with

the public.

I would like to present some principles which we have adopted at Ontario

Hydro.

1. Hydro should provide opportunities for the general public

to learn about the project, the proposed study, the

required facilities and associated Hydro practices, policies

and procedures. Continuous public dialogue should be

encouraged from the start of the study until it is

completed.

2. Hydro should provide the public an opportunity to consider

and comment on the need and the alternative plans that can

meet the need.

3. Hydro should enable interested individuals and existing

interest groups to contribute a local set of values to

assist in formulating a weighting system to be used in the

environmental study, together with specific details about

their area to help lessen the impact of the facilities.
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Citizen committees (working groups) should be formed to

examine specific issues and advise the project team. Hydro

should actively promote a better understanding of what is

involved in the environmental study.

A. Hydro should provide a forum - normally through informal

information centres - for presentation and discussion of the

study at each stage.

The new principles recognize that if citizens are to support the

routes or sites selected as a result of the study, they will need to

have been a part of the study.

It seems generally true that the projects which can be most readily

resolved through public involvement are those which

- add a valued physical asset to the community

- affect a small number of people

- create an impact on a small physical area

- can be completed in reasonable time.

J CONCLUSION
X

I have given you only a brief review of "Public Participation"

i.
•: In Ontario Hydro, it is a way of life and our task is to make it as
c»
' effective as possible and minimize delays. It involves a multi-

discipline effort and a willingness on the part of all staff involved
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to go out and talk to the public.

Many of the questions we are asked are in the area of nuclear energy.

Good spokesmen from the industry will help us.
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THE ANTI-NUCLEAR MOVEMENT AND ITS CRITICS:
THE SOCIAL BASE OP SUPPORT

J. J. DOUGLIN

CANADIAN NUCLEAR ASSOCIATION
SEMINAR FOR INDUSTRY SPOKESMEN

HOTEL TORONTO

NOVEMBER 9, 1976

Dr. Douglin is a researcher in the Communications Services
Departmant of Ontario Hydro.
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HIGHLIGHTS

The anti-nuclear movement has reached here

CANADA U.S.A.

Decline

'NATURAL' CYCLE OP MOVEMENTS

1
'a

SOCIOLOGICAL PROFILE OF ENVIRONMENTALISTS:

Background Characteristics

- High levels of education

- High occupational level

- High income level

- Slightly more likely to be male

- Relatively young

- Active in civic, service and political organizations

- Tend to come from suburban areas

- Liberal socio-political outlook
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Profile Emerging From Canadian
Study on Environmentalists

- Socially conscious

Issue Level Values Level

Energy Social Inequality
Pollution

Native Rights

- Commitment to cause

- Commitment to social ideal

- Informed and articulate about issues
- Firm views on decision making - shifts in power. More power
to the people.

- Social responsibility - concerned about nuclear and
the role of government

Environmentalists Views on Nuclear Energy

- The energy problem perceived as most salient social problem

- Level of information about nuclear power — high

- Source of information on nuclear power

High Low

- Environmental Conservation - Provincial member of
- Groups parliament
- Scientists - Atomic Energy of Canada Ltd
- The Television News Reports

- Position in debate on nuclear power — negative
1

- Intensity of position - definately not worth risks
•t

- Disadvantages of nuclear power - primarily waste-management
.c and expense
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Dr> visions About the Future Development
of Nuclear Power

High Rating

Federal Minister of
the Environment,
Public at large

Low Rating

Electric Utility Companies,
Senior provincial civil
servants concerned with
energy

General Social and Political Views

- Supportive of social inequality issues

- Supportive of citizen participation in policy making
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INTRODUCTION

Over the last few years, a great deal of discussion, debate,
activity and organization has been focused on the environmental
problem in Canada. Such a rapid increase in the level of general
societal concern with problems relating to man and his environment
is what has been loosely referred to as the. environmental movement.
Interest and concern in these problems have not been equally
distributed across all segments of the public, and our focus here
will be on those identifiable publics for whom the environment
has become a more salient issue.

This paper then will look at identifiable publics involved in
the current anti-nuclear movement and one in particular —
environmentalists. It will describe some of the trends in Canada
in comparison with the U.S. environmental movement and will venture
to make predictions about future developments here. In doing so,
special attention will be given to environmentalists as a class
and the nature of their concerns, their goals, some of their
strategies and ways of meeting them; their social background and
attitudes.

Why The Focus On Environmentalists?

Recent developments in the debate on nuclear power in
the U.S. and on the international level, are forcing policy-makers
and planners in the nuclear industry in Canada to direct attention
to the activities taking place within the environmental movement.
However, because relatively little systematic research on the topic

For example, the results of two recent attitude surveys conducted
in Canada revealed that when asked to rank nine social problems in
order of importance, environmentalists ranked energy issues about 3
points above the ranking by general public.
See, Michael Ornstein, Canadian Policy-Makers' Views on Nuclear
Power Energy, Institute for Behavioural Research, York University,
1976, p. 16; and
B. Green - Wooten and Lance Mitson, Nuclear Power and The Canadian
Public, Institute for Behavioural Research, York University, 1976, p.28.

Two recent research reports sponsored by the CNA and undertaken by the
Institute For Behavioural Research, "Nuclear Power and The Canadian
Public" and "Canadian Policy-Makers' Views on Nuclear Energy" are
indications of this need.
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has been carried out, assessments of what is actually taking place
have not been based on verifiable data, but have been to a large
extent, speculative in nature. This situation is changing as it
becomes apparent to all that accurate information about social
concerns is a prequisite to dealing with them.

The information used in this paper comes from a number of
sources. These include general sociological research findings
about environmentalists and social movements, a Canadian survey of
policy-makers' views on nuclear energy, a content analysis of
recorded public statements by environmentalists, from reports in
the mass media on their activities, from printed material published
by the groups themselves, and from briefs presented at Royal
Commission Hearings on Electric Power Planning. Some of the ideas
expressed in this paper are tentative and exploratory and it is to
be hoped that more rigorous types of research will be undertaken
to permit a really comprehensive analysis.

There are different types of groups and organizations which
compose the identifiable public behind the environmental movement,
and these vary according to type, size, scope, issues and concerns,
etc. Set these differences aside for the moment and let us share
with you a view of the movement from a conceptual perspective.

Environmentalism As A Social Movement

Sociological theory defines a social movement as an attempt
by a number of people to solve collectively a common problem. As
its members organize and interact with the rest of society to
achieve their goals, direction and thrust is developed which
appears to follow a 'natural' course of:

1. incipiency
2. coalescence
3. institutionalization
4. fragmentation
5. demise
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Schematically presented, the cycle looks like this:

Acceptance

Rise

Let us look at it a bit closer:

Incipiency: According to Blumer, the early stage of a movement
involves .... "groping, unco-ordinated efforts ... unorganized,
and neither established leadership nor recognized membership, and
little guidance or control."^ Although there is a fairly large
proportion of the concerned public who are followers, the intensity
of concern is fairly mild. The mechanism employed is participation,
and the strategy is educating others and urging them to voluntarily
make changes. The participatory activities involve such things as
low budget informational endeavors, reading and writing articles
which in some instances are published in the media, holding
meetings and writing letters to members of parliament, all of a
mild attention-getting nature.

Society's initial response to a movement is similarly patterned,
that is to be indulgent and to engage in co-option. Most of the
institutions and agencies in society to which demands for change
are directed will attempt to maintain the status quo through
conciliation, compromise and absorption. Such a response in turn
forces activists in the movement to be precise about their concerns,
in such a way that these concerns stand out like rocks in the sea,
more salient than ever to those of the general public around them. Such
boundary-testing tends to arouse hostility in society, because it
involves some rejection of the position of compromise and co-option
being offered. At this point, groups begin to coalesce.

See, Armand L. Mauss, Social Problems as Social Movements. New York:
J.B. Lippincott Company, 1975, p.61; Hebert Blumer is a sociologist
who has specialized in the area of collective behaviour.
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Coalescence: This stage is marked by active organizational effort
and formal and informal structures begin to develop from segments
of the sympathetic and concerned public. More organized and
sustained attempts usually follow to pressure government or other
institutions in the "establishment" to take ameliorative action.
Although these groups and organizations may lack society-wide
co-ordination, alliances, ad hoc committees, and caucases, will
take place and more formal associations will be set up at local
and regional levels.

Institutionalization; The institutionalization of groups takes
place when the government and other traditional and accepted social
bodies formally recognize the issues and concerns raised by the
activists in the movement and coping mechanisms for resolving them
are worked out. At this point, the movement begins to take on the
characteristics of a full blown social structure. It achieves
society-wide organization and co-ordination, a large base of
members and resources, an extended division of labor, regular
thrusts into the political arena and growing respectability. The
mass media begins to take it seriously; politicians begin to vie
for its favor, and Legislation instituting some of their proposals
for change is passed.

Fragmentation, Demise: The downhill course follows the ascent;
ironically, the very success of the movement leads to its decline.
Organizational support wanes as basic issues are resolved. The
core supporters must either turn to other social problems or become
inactive.

A Structural Analysis of the Environmental Movement in Canada

So far, the environmental movement has been treated as though
it were a monolithic organization with a single purpose organization,
there are, however, a fairly large number of groups and organizations
in Canada behind the movement. Some of these are national in scope^
and broad in terms of outlook; they have a wide spectrum of goals
and means for achieving them. For example, the Canadian Coalition
for Nuclear Responsibility (CCNR) consists of some 45 member
organizations. Other groups are highly localized with short-term
specific goals, such as the Interested Citizens Group in Ontario

For a list of some of the major environmental organizations which
focuses on issues related to nuclear power, see Appendix I.
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who are protesting the construction of the Bradley to Georgetown
transmission line corridor.

The Current Status of The Movement

An analysis of the developments in the movement over the
last year, particularly those of the CCNR, suggests that it is
now well into the second stage of its development, i.e. coalescence.
According to the natural history model earlier discussed, the
CCNR is on an upward agressive course. It should be noted however,
that this degree of development refers to the anti-nuclear forces
of the movement. It appears that the purely ecology forces in the
membership have passed this stage and are now probably at some level
of institutionalization.

Coalescence - On An Organizational Level: Coalescence has taken
place on several organizational levels within the anti-nuclear
movement in Canada: geographically, structurally and in terms of
issues and concerns.

In the Maritimes, an array of different types of groups (about
21) came together as a larger unit to fight the development of a
nuclear site at Point Lepreau.

In the North Channel in Ontario, groups went through a similar
process to oppose the proposed development of a generating station
site along the North Shore of Lake Huron. ̂  Thus there appears to
have been a similar organizational development when the main
environmental groups across Canada coalesced in the formation of the
CCNR in 1975. In addition, coalescence has taken place on a social
level as anti-nuclear groups draw support nationally from academics,
religious leaders, politicians, farmers, miners, labour union
leaders, housewives and even a few scientists and engineers.
Similarly, the early information activities or lack thereof of the
nuclear industry itself tended to hasten this development. For
example, the public participation role thrust upon Ontario Hydro in
the early public debate about transmission line corridors, resulted
in the grouping of hard core individual opponents into active
organizations.

Other examples of groups which have coalesced include the Grand Council
Treaty Number 9, an Indian group which called for a moratorium on
resource development at the RCEPP; the Interested Citizens Group
opposing the routing of the Bradley to Georgetown transmission lines,
and the Grey County Hydro Corridor Committee. All are in Ontario.
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Despite these developments, the CCNR remains a fairly loose
organizational structure. Although regional offices have been
set up in some provinces and some division of responsibilities
worked out, the movement still appears to lack strong leadership
both on a national and regional level. Table 2 describes the
existing organization. *

Coalescence In Terms of Issues and Concerns; The process is
observable in regard to issues and concerns. Although the current
anti-nuclear movement incorporates many of the traditional causes
of the earlier stage, such as air and water pollution, radiation,
safety, sabotage, waste management etc, it goes beyong these in a
number of ways by taking a broader view of man, his environment
and his future.

There is now great concern with the way present social values,
institutions and technology, organization, and population growth,
impact on and influence the short- and long-term quality and
quantity of all resources. Thus, in addition to the technical
issues raised about nuclear energy, great concern is being expressed,
relative to the ethical, and moral questions relating to the
quality of life of the present and future generations. The transition
permits the CCNR to develop an attractive argument that can include
whole populations.

Coalescence -. Strategies: In the early stage of the movement,
the environmentalist strategy of education, information and
persuasion involved mainly participation activities. Concerned
with increasing the public's awareness and understanding of the
negative aspects of nuclear energy, they engaged in informal
discussions, holding ad hoc meetings, disseminating information,
writing articles in the media in which voluntary participation
was a strategic consideration in itself. An example is the early
activities of the CANDU group. With success and new membership,
the main strategic thrust has shifted and they are now increasingly
involved with power strategies as they build towards confrontation.
These involve lobbying, seeking change through elected officials,
legal actions which could be described as middle class political
strategies.-^ Several recent examples of these strategies can be given.

This does not mean that participation strategies are no longer employee
They are still employed, but groups and organizations need new types
of skills as they interact with other groups in society.

See Appendix I
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A petition of the CCNR for a public inquiry into the use of
nuclear power for generating electricity has been circulated
throughout Canada and has been signed by a number of politicians
from the Liberal, Conservative and N.D.P. parties, as well as to
the public.1

There is no need to elaborate on the Port Hope incident, beyond
stating that there is every indication that between the members
of the CCNR and the media it became a cause celebre, the effects
of which are still being felt.

A recent decision by the Nova Scotia government not to allow
the construction of nuclear plants in the province is reported to
be related to lobbying efforts of the CCNR.2

Following the Minister's presentation3 at the CNA conference
held last June, at which he mentioned the distortions and
misinformation emanating from some of the anti-nuclear critics,
the CCNR sent a telegram to the Prime Minister Trudeau reiterating
its call for a public inquiry. Telegrams were also sent to MP's
inviting them to attend an "information workshop" organized by
the CCNR. 4

Within the CCNR councils, some discussion has taken place
about the need for a strategist possibly drawn from the labor union
ranks in Quebec. The reason being that the leadership is somehow
inexperienced in developing the political base and undoubtedly there
is need for a political strategist. This may very well take place
now that the CCNR is directing its attention to the proposed plans
to develop four nuclear stations in Quebec.

What does the underlying strategy suggest? It suggests
that if the CCNR succeeds in making the environment a major
political issue, as it now is in the U.S., the move to pol-
arizing the public around nuclear power in Canada will be
fairly on its way. The outcome of a general public

1 Premiers of both Nova Scotia and Prince Edward Island have endorsed
the CCNR petition for a public inquiry into nuclear power.

2 This report was contained in a recent newsletter (August, 1976),
published by the CCNR.

3 Mr. Gillespie.

4 The first full debate on issues relating to Nuclear Energy took place
in the Canadian House of Commons. See Hansard, March 23rd, 1976.
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inquiry into the use of nuclear power in Canada could well be
as significant as the initiatives in the U.S., or more so if a
government were discredited. However, before that could take
place, the Canadian movement would have to do two things. It
would have to develop a tighter organizational structure and
greater co-ordination; a numerically large base of members and
resources; an extended division of labor and regular thrusts into
the political arena. It may also have to do as the U.S. movement
has been successful in doing — to shed the environmentalist image
which it carried for a number of years and become in effect, a
fledgling social and political movement.

The Critics; What Do They Look Like?

A review of current literature reveals a fairly consistent
finding about the characteristics of environmentalists:

They come mainly from the upper-levels
of education, occupation and income in
society and have characteristics that
are typical of individuals active in
civic, service and political organizations.

An implication which some researchers have drawn from this finding
is that such an unrepresentative social base of support within the
movement may set limits, to its impact in the future — a point
which is discussed later.

An interesting hypothesis has been advanced by one researcher
(Dolbeare and Dolbeare)^ to account for the relationship between
attitudes to the environment and socio-economic background that
may shed further light on the topic. Their view is that one's
perceptions of, and orientations toward, the environment are likely
to vary greatly according to life conditions and chances, and that
while environmentalists have a 'preservationist' value orientation,
those less concerned about the environment have a 'utilitarian
orientation1. A higher socio-economic background may lead to a
greater ability to comprehend the alleged problem of environmental
degradation, and more leisure time to theorize about the issue.

Huuas, Armand ].. iiociail̂ J'rob;! oins as Social Movements, New York:
J.P. Lippincott Company, 1975, p. 577-578.



- 51 -

Someone with a lower income, on the other hand, may not develop
an enduring concern for the quality of the environment until more
basic economic needs are met which ironically involve the degrada-
tion of the environment.

The results of this survey also suggest that concerns about
environmental problems are related to demographic and socio-economic
characteristics, and that men tend to be slightly more concerned
about these issues than women. Table 1 in Appendix II summarizes
these results. A few of these studies will now be reviewed.

Dunlapl set out to explore whether the image of environmentalists
in the U.S. as an "elite, overdog" group was accurate or not. He
analyzed data from a 1972 multi-state sample of 1,468 environmental
volunteers. When compared to appropriate census data, Dunlap found
that environmentalists ranked higher than the public in terms of
occupation/ and especially education. Another important finding
emerging from his analysis is:

There was no significant difference in
the socio-economic levels of environmentalists
primarily concerned with older conservation-
preservation issues, and those primarily
concerned with newer ecological issues.

A table summarizing these results is presented in Table 2 of
Appendix II.

o

Morrison et al were interested in determining the demographic
and structural distribution of environmental interests in the U.S.
Having analyzed the polls and survey data, they concluded that the
distribution of concern about the environment across the social
structure constituted a rather interesting paradox.

Persons who had access to the better,
rather than the poorer environments,
are the ones most concerned about
environmental deterioration.

Riley E. Dunlap, "The Socio-economic Basis of The Environmental
Movement: Old Data, New Data, and Implications For the Movement's
Future." Paper presented at the Annual Meeting of the American
Sociological Association, San Francisco, August, 1975.

Denton E. Morrison, Kenneth E. Hornback and W. Keith Warner. "The
Environmental Movement; Some Preliminary Observations." In W. Burch,
N. Cheek, and L. Taylor (eds.), Social Behaviour, Natural Resources
and the Environment. New York: Harper & Row, pp. 259-279, 1972.
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They went on to point out that persons of lower socio-economic
class, who both exhibit less concern and who frequently must
survive in crowded, dirty urban centres, are likely to define an
"improvement" in their quality cf life in the very terms that
environmentalists are increasingly calling in to question — higher
levels of consumption and material convenience.

Tognacci et al-*- interviewed 141 randomly selected subjects
from Colorado about their concern with environmental issues. Their
conclusions were that:

Persons expressing the most concern about
environmental quality were generally
younger, better educated, more liberal,
and higher in socio-economic status.

They state that those persons most concerned about environmental
issues appear to reflect the same social and psychological
attributes traditionally among individuals active in voluntary
civic, service or political associations. Their summary comments
are consistent with those made by other researchers:

The ability of the environmental movement
for unifying a diverse constituency has
perhaps been overrated and that recent
increments in public concern may merely
reflect a more intense commitment by this
relatively select group, rather than broad
increases in public sensitivity to
environmental problems.

The social data presented above focussed on the general
background of environmentalists. This section will deal mainly
with the views of environmentalists on nuclear energy.

One limitation of the data on which this discussion is based
should be recognized. The research findings should not be taken
as representative of the Canadian environmental community, because
of the insufficient representation of environmentalists from the
Maritimes and Quebec.2

Louis N. Tognacci, Russel H. Weigel, Marvin F. Wideen and David T.A,
Vernon, "Environmental Quality: How Universal is Public Concern?"
Environment and Behaviour, 4 (March), pp. 73-86.

Almost all of the selected respondents in the Maritimes and Quebec
refused to participate in the survey. See, Michael Ornstein,
"Canadian Po1icy-Makers' Views on Nuclear Energy", Institute for
Behavioural Research, York University, September, 1976.
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Summary of Environmentalists' Views On Nuclear Power

The views of environmentalists on nuclear energy which emerge
from the study of policy-makers are:

- Energy is the most salient of the nine social problems
rated by them;

Their level of information about nuclear power is very high,
the highest among the five groups in the study; Their main
sources of information on nuclear power were environmental
conservation groups and scientists; the least likely sources -
the provincial members of parliament and Atomic Energy of
Canada, Limited;

- Their position in the debate on nuclear power is negative;
the most negative among the five groups in the study;

- In terms of the perceived disadvantages of nuclear power,
waste management and the expense were stressed;

They think that there should be a transfer of power among
those who should make decisions about the future development
of nuclear power;

- They are supportive of issues relating to social inequality
and are likely to agree with statements dealing with the role
of Canada institutions and citizen participation in policy
decision.

Saliency of The Energy Problem Among Environmentalists: Respondents
in the survey were asked to rank nine problem areas: alcoholism
and drug abuse, bilingualism, crime, energy problems, inflation,
labour — management relations, native rights, pollution, and
unemployment. The specific question reads:

There are a number of problems facing
Canada today. In your own opinion,
which of these problems is the most
serious, which is the second most
serious, etc?

The results suggest that to environmentalists,
energy is the most salient of the nine social



problems ranked. They also ranked the two other issues that
have some bearing on energy policy fairly high: concern with
pollution and with native rights.

Position In The Debate On Nuclear Power: There were several questions
in the survey the CNA sponsored on Canadian attitudes from which
the policy-makers1 views could be determined. The one selected
for this report bears directly on the use of nuclear power for
generating electricity:

What is your opinion about the use of
nuclear power for generating electricity?
Would you say you are strongly in favor,
in favor, opposed, or strongly opposed?

The results were in the expected direction: environmentalists were
the most opposed, the businessmen were the least opposed. However,
the very large percentage difference (61%) between these two
responses suggests the intensity of concern on the part of
environmentalists. For a presentation of these results, see
Table 3 in Appendix II. It should be noted that there were
21% in the general public sample who were also opposed to the
issue. This suggests that the current movement is working against
a backdrop of public sympathizers, some of whom may very well
become activists in anti-nuclear organizations.

The environmentalists were consistent in their views on the
other issues relating to nuclear power. Four-fifths of the
respondents (81%) felt that "as with most industrial production",
nuclear power was definitely not worth the risks. * Over four-fifths
(85%) indicated that they would not approve of the use of nuclear
power for generating electricity under any cost situation. As to
the advantages of nuclear power, over two-fifths of the respondents
(44%) felt that there were none?* In terms of the disadvantages,
the issues of waste management and expense are most frequently
mentioned,***Reactions to the assessment of safety and risks however,
were not as marked. About one-third of the respondents (28%) felt
that nuclear power plants in Canada were very unsafe.****

Level of Information About Nuclear Power: Three indices were
employed to measure the level of information about nuclear power:
the respondents' familiarity with a number of important news

* See Table 4, Appendix II

* * See Table 5, Appendix II
* ** See Table 6
* *** see Table 7 " "
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stories about nuclear power, their knowledge about the technical
features of the CANDU system and the locations of nuclear power
stations. The results reveal that on all of these indices, the
environmentalists were the best informed of the five groups
analyzed in the study.1 Since level of information may be related
to both level of education and socio-economic background, this
finding is, in a very general way, consistent with the remarks
made earlier on the social background of environmentalists.

The Reliability of Sources of Information About Nuclear Power;
Credibility of various sources of information on nuclear power
was assessed directly through the following question:

In matters related to nuclear power, we
are interested in how you feel about the
information given out by various groups
and individuals, or in news reports. I
would like to read you the names of a
number of different sources of information
about nuclear power.

According to the results, environmentalists stated that their
most reliable sources of information were environmental conservation
groups and scientists; the least reliable - provincial members of
parliament and Atomic Energy Control Board. These results appear
in Table 12 in Appendix II. ' .

In regard to tne decisions about the future development of
nuclear power, environmentalists disapproved of current government
policies and suggested that there should be a transfer of those
powers. They proposed that responsibility for decision-making
should be placed mainly in the hands of the Federal Minister of
the Environment and the public at large and less on the electric
utility companies and senior provincial servants concerned with
energy.

Social and Ideological Values: There are those who remark that
anti-nuclear critics are politically sophisticated and that their

1 For a complete listing of these distributions, see Tables 8,9,10 & 11
in Appendix II.
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target is net nuclear energy per se, but rather the bureaucratic
industrial complex and its policies.

Although the study in Canada did not set out to examine this
hypothesis, some of the results tend to generally support it. On
concerns relating to social equality, environmentalists were the
most supportive of the five groups. The concerns examined were:

The government has the responsibility
to see to it that all people have
adequate housing, medical care, and
protection against unemployment.

Difference in income between people
in this country should be reduced.

A worker's son doesn't have much
opportunity to advance in our society.

In terms of statements dealing with the role of Canadian institutions
and citizen participation in policy formation, environmentalists
were the most likely to agree with the statements. *The following
statements were examined:

Today's political leaders must recognize
new claims for citizen participation in
the decision-making process.

Our institutions and leaders are retarding
change because of their interest in maintaining
the status quo.

A national leader should encourage
argumentation and conflict so that
issues can come to the surface to
be publicly debated.

The Power structure of this country
has to undergo considerable change
before things will improve.

For example, Goldstein in a presentation to the CNA Seminar in 1975
stated: "Nuclear Power has become a symbol for many dissatisfactions.
People sometimes react to it neurotically, as if this symbol of an
advanced technological society was the cause of all the ills of that
society." See Carl Goldstein, "The U.S. Nuclear Experience", in
CNA Seminar: Public Concern and Nuclear Energy.
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In terms of the statement on "the support for business
index", environmentalists again were most likely to consistently
support them.* However, they gave more support to the statement
on foreign policy and public responsibility than to the one on
government intervention. The statements examined were:

There is too much foreign control
of the Canadian economy.

Government intervention in big
industry is destroying the free
enterprise system.

Business is overly concerned with
profits and insufficiently concerned
with its public responsibilities.

To summarize, the profile which seems to emerge from these
results is of someone who is:

Socially conscious, both on an issue-specific and value
level;

Committed to a cause;

- Committed to a social ideal;

Informed and articulate;

- Has firm views about government and citizen's involvement
in policy formationI

One question which is often asked concerning the nuclear
debate is:

How can there be such a difference
of opinion?

Part of the answer, as Edsall points out stems from deeper
assumptions and convictions which people have about the relationship
of energy, the environment and quality of life.

* See Table 13 in Appendix II



- 58 -

The point of view taken in this paper is that environ-
mentalists are not irrational and emotional people. They are
socially responsible citizens and are well informed about the
energy issue. However one should maintain some reservation
in. fully accepting the description of environmentalists
portrayed in this paper. For as Edsall1 states in his analysis
of the environmental groips taking part in the California
Initiative program

It would be naive to think that there
is not some noteworthy measure of
excessive claims in the rhetoric and
ideoloyy of every movement.

This still leaves the question unanswered;

WHY DO HONEST MEN DIFFER PASSIONATELY?

Conclusions

An attempt has been made to place the disucssion of Who
Are The Critics - The Social Base of Support into a larger context
of the current anti-nuclear movement. It is hoped Lhat this
perspective has been useful in providing further insight into the
nature of the movement and its current status, and those who are
most actively involved in it. This is only the beginning however.
Much more systematic information is needed, particularly on the
ideological and value orientations of environmentalists, before
policy-makers can have a more accurate basis on which decisions
can be made.

See, "The California Nuclear Initiative: Analysis and Discussion
of Issues." April, 1976. p. 128
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TABLE 1

SOME OF THE MAJOR ENVIRONMENTAL
GROUPS IN CANADA

Alternatives (New Brunswick)

Algonquin Wildlife League

Birch Island Community Association

Bruce Trail Association

Canadian Arctic Resources Committee - Ontario

Canadian Coalition for Nuclear Responsibility *

Canadian Environmental Law Association *

Canadian Environment Research Foundation - Ontario *

Canada Nature Federation

Canadian - U.S. Citizens Environmental Council

Canadian Wildlife Federation

Cant'du *

Concerned Farmers of the United Township

Conservation Council of Ontario

Energy Probe *

Federation of Ontario Cottagers Association

Federation of Ontario Naturalists

Friends of the Rainbow *

Garbage Coalition Ontario

Greenpeace Foundation *

* Nuclear Concerns
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Hope of Thunder Bay

Interested Citizens Group

National Capital Environmental Council

Niagara Peace Movement *

North Shore Nuclear Action Group *

Nuclear Energy Toronto (recently formed)

Ontario Federation of Agriculture

Ottawa Council of Women *

Pollution Probe - Kanata

Pollution Probe - London - Ontario

Pollution Probe - Ottawa

Pollution Probe - St. Catharines - Ontario

Pollution Probe - Toronto

Quetico Foundation

Sault Naturalist Club *

Solar Energy Society of Canada (Ottawa)

The Sierra Club of Ontario *

Voice of Women *

* Nuclear Concerns
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WHAT APPEARS TO BE THE ORGANIZATIONAL STRUCTURE
OF THE CCNR

Chairman
(Gordon Edwards)

National
Coordinator

(Ian Connerty)

B.C.

Regional
Office

Ontario

Regional
Office

Maritimes

Regional
Office

Montreal

Regional
Office

What Appears to be the
Division of Responsibilities Within the CCNR

Energy Probe Ottawa

Energy Probe Ottawa & Toronto

Environmental Law Association

Ontario Chapter of CCNR

Lobbying

Research - Alternative

Legal, Environmental Assessment

Preparation of Brief to RCEPP

Solar Energy Society of Canada Research - Lobbying

Voice of Women - All Regional
Groups

The Science Council of Canada

International Resources
(Amory Lovins)

Fred Knelman

Grassroots work - Circulating petitic
organizing seminars and workshops

Research - speech making - organizing
conferences

Research, public speaker

Researcher, speaker, writer
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II TABLE 1

RESPONDENT'S CONCERN ABOUT ENVIRONMENTAL PROBLEMS
RELATED TO DEMOGRAPHIC AND SOCIO-ECONOMIC CHARACTERISTICS

Total

Sex
Men
Women

Race
White
Black

Age
21-34
35-49
50+

Education
Grade School
High School
College

Income
$4,000
$4,000-$6,999
$7,000-§9,999
$10,000+

Occupation
Farm
Blue Collar
Clerical, Sales
Professional, Bsn.

Community Size
2,500
2,500-49,000
50,000-249,000
250,000-999,000
1,000,000+

Region
East
Midwest
South
West

Deeply
Concerned

51%

56
46

52
34

51
50
52

39
52
62

37
55
53
58

43
48
52
57

46
52
55
52
51

47
57
45
59

Somewhat
Concerned

35%

32
38

35
32

41
38

. 28

34
37
32

35
34
38
34

37
39
37
33

37
31
35
35
36

38
34
36
32

Not Very
Concerned

12%

10
14

11
25

7
10
16

20
10
6

23
8
8
7

17
12
9
9

14
16
16
11
8

11
9

16
10

Don't Know
No Answer

3%

3
2

2
9

i-i

2
4

7
1
-

6
3
1
-

3
2
2
1

3
1
1
2
5

4
1
4

—

Total

100%

100
100

100
100

100
100
100

100
100
100

100
100
100
100

100
100
100
100

100
100
100
100
100

100
100
100
100

N

3192

1488
1712

2922
253

886
1032
1249

856
1615
721

787
774
720
877

169
1310
366
733

954
479
505
642
620

944
859
873

524

Source: Taken from table 6, p. 17 in Donald Munton and Linda Brady, American
Public Opinion and Environmental Pollution. The Munton-Brady table utilizes
data from a January 1969 Gallup poll. 2
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TABLE 2

Socioeconomic Characteristics of Environmentalists Compared
with General Population, a by EPA Region

EDUCATION

Some High School

High School Graduate

Some College

College Degree

Graduate Work

Total

# of cases

OCCUPATION**

Professional/Techni-
cal/Academic

Mgr./Administrator

Sales

Clerical/Office

Service

Agriculture

Skilled Labor

Unskilled Labor

Total

# of cases

FAMILY INCOME

Under $4,999

5,000 - 9,999

10,000 - 14,999

15,000 - 24,999

25,000 and over

Total

# of cases

REGION

Environ-
mentalists

5.8

14.7

18.5

21.5

39.6

100.1°

(655) (12,

55.8

15.3

3.0

6.4

1.8

3.2

9.6

4.8

99.9°

(437) (8,

3.8

18.5

27.9

33.4

16.4

100.0

(736) (5

III

Population

50.2

30.9

8.3

5.9

4.6

99.9C

898,451)

15.3

7.6

6.7

18.3

12.3

1.7

14.4

23.6

99.9°

885,431)

18.7

34.8

26.6

15.4

4.5

100.0

,902,419

REGION VIII

Environ-
mentalists

3.6

9.7

21.4

24.6

40.8

100. lc

(248) (2

60.7

12.4

4.1

2.1

1.4

15.2

3.4

.7

100.0

(145) (2

7.0

20.7

27.8

32.6

11.9

100.0

(270) (1,

Population

39.0

33.6

14.9

7.3

5.3

100.1°

,841,468)

16.1

9.6

7.0

16.6

14.1

8.8

12.4

15.4

100.0

,017,017)

21.5

36.5

25.5

12.9

3.6

100.0

363,597)
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TABLE 3 - 65 -

"What is your opinion aLout the use of nuclear power for generating
electricity? Would you say you are strongly in favour, in favour,
opposed, or strongly opposed?"

Percentage Distribution

No opinion
Strongly undecided Strongly
in favour In favour don't know Opposed opposed Total

Businessmen 32 57 100

Civil servants

Politicians

Academics

Environmentalists

General Public

College educated

S.E.S. over 60

15

15

18

0

15

13

17

62

40

36

10

54

52

56

5

20

6

5

10

8

10

15

20

14

24

13

15

10

3

5

26

62

8

12

7

100

100

100

100

100

100

100

*This table was taken from P. 49 of the report on 'Canadian Policy-Makers'. See
Michael Ornstein, "Canadian Policy-Makers' Views on Nuclear Energy".
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APPENDIX II

TABLE 4 "As with most industrial production, nuclear power
involves some risks to the public. Society must
decide which risks are worth taking and which are
not worth taking. Considering your knowledge anci
opinions about nuclear power, tell me if you think
it is worth taking the risks. There are five points
on this scale. Would you tell me the number which
comes closest to your opinion?"

Definitely
worth

the risks

Definitely
not worth
the risks

Total

Businessmen

Civil Servants

Politicians

Academics

Environmentalists

62

40

28

31

0

29

17

39

21

5

7

28

28

18

5

1

15

0

8

9

1

0

5

22

81

100

100

100

100

100

General public

College educated

S.E.S- over 60

24

26

32

33

30

29

23

24

22

8

7

5

12

13

12

100

100

100

*This table was taken from P. 51 of the report on "Canadian Policy-
Makers'." See Michael Ornstein, "Canadian Policy-Makers' Views on
Nuclear Energy".
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TABLE 5

ADVANTAGES OP NUCLEAR POWER BY GROUP

Conser-
Benefits vation

to Avail- of Energy-
Lower environ- ability fossil indepen- More

None cost ment of fuel fuels dence efficient Others

PERCENTAGE MENTIONING
ALTERNATIVE

Businessmen 2 53 26

Civil Servants 10 41 26

Politicians 10 50 30

Academics 6 49 30

Environmentalists 44 11 39

General public 6 40 15 23 12 11 0 14

*This table was taken from P. 54 of the report on'Canadian Policy-Makers1. See
Michael Ornstein, "Canadian Policy-Makers' Views on Nuclear Energy."

56

59

45

47

17

21

8

0

9

0

0

5

0

11

0

14

3

0

6

17

20

23

15

15

17
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TABLE 6
- 68 -

DISADVANTAGES OF NUCLEAR POWER BY GROUP

PERCENTAGE MENTIONING
ALTERNATIVE

Businessmen

Civil Servants

Politicians

Academics

Environmentalists

None

6

3

5

4

0

Too
expen-
sive

36

33

26

28

43

Radia-
tion
danger

25

13

32

30

33

Waste
manage-
ment

problems

38

40

42

48

62

Other
forms
of

pollution

22

35

11

36

24

Explosions/
dangerous

23

33

26

36

33

Security

9

5

0

20

38

Uses
scarce

resources

3

5

5

10

14

Othe

12

13

26

18

38

General public 9 14 32 33 18 15

*This table was taken from P. 56 of the report on 'Canadian Policy-Makers'. See Michael Ornstein,
"Canadian Policy-Makers' Views on Nuclear Energy".
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APPENDIX II

TABLE 7 "Do you think that nuclear power plants in Canada
are very safe, quite safe, not too safe, or very
unsafe?"

Percentage Distribution

No opinion Not
Very Quite undecided too Very
safe safe don't know safe unsafe Total

Businessmen 45 49 2 4 0 100

Civil Servants 40 33 8 20 0 100

Politicians 40 45 15 0 0 100

Academics 22 43 6 23 6 100

Environmentalists 10 38 10 14 28 100

General public 13 43 5 30 9 100

College educated 16 44 3 30 7 100

S.E.S. over 60 18 54 2 22 4 100

*This table is taken from p.58 of the report on Canadian
'Policy-Makers'. See Michael Ornstein, "Canadian Policy-Makers'
Views on Nuclear Energy."
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APPENDIX II

TABLE 8 "How often do you read articles in newspapers or magazines
about the use of nuclear power for generating electricity?"

Daily

Percentage distribution

Less than
daily

Monthly
or less Total

Businessmen

Civil Servants

Politicians

Academics

Environment alis ts

13

16

5

18

62

59

68

50

62

33

28

16

45

20

5

100

100

100

100

100

* This table was taken from Page 36 of the report on Canadian
•Policy-makers'. See, Michael Ornstein "Canadian Policy-makers'
Views on Nuclear Energy."
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TABLE 10 - 72 -

"As far as you know, are there any nuclear power plants currently operating
in Canada? Can you tell me where they are?"

and

"As far as you know, are there any nuclear power plants for generating
electricity in other countries? Can you tell me what countries?"

Number of plants in
Canada correctly named
(percentage distribution)

None 1-2
3 or
more Total

Number of countries with
nuclear plants identified
(percentage distribution)

6 or
1-2 3-5 more Total

Businessmen 74 20 100 37 41 22 100

Civil servants 8 72 20 100 27 52 21 100

Politicians 10 70 20 100 40 25 35 100

Academics 4 76 20 100 24 47 29 100

Environmentalists 0 57 43 100 24 33 43 100

*This table was takwn from P.. 39 of the report on 'Canadian Policy-Makers'.
See Michael Ornstein, "Canadian Policy-Makers' Views on Nuclear Energy".
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TABLE 11
- 73 -

"How familiar are you with the CANDU nuclear reactor, developed by Atomic Energy
of Canada Limited; very familiar, somewhat familiar, or not familiar? Could you
tell me how it differs from the American design?"

i

Familiarity
percentage distribution

Very Somewhat Not
familiar familiar familiar Total

Mean number of
differences mentioned

including only less*
all familiar

mentions mentions

Businessmen

Civil servants

Politicians

Academics

Environmentalists

18

18

15

24

38

65

72

70

58

57

17

10

15

16

5

100

100

100

100

100

1.8

1.4

1.0

2.4

2.6

.6

.4

.1

1.1

1.1

•Excluding the two mentions: heavy not light water and natural not enriched
uranium fuel.

*This table was taken from P. 41 of the report on 'Canadian Policy-Makers' . See
Michael Ornstein, "Canadian Policy-Makers1 Views on Nuclear Energy".
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APPENDIX II

TABLE 13 Support for change in
political institutions
and business; and concern
over social inequality.

- 75 -
Mean score on
1 = strongly
2 = agree
3 = disagree
4 = strongly

disagree

a scale

agree

with

a
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co

•H
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•H
O

•H
rH
O

W
U

•a
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•p
w
•H

O

O

•g

0)

as 0)
•P C

m n)
OrH

P4 0)

SUPPORT FOR CHANGE IN POLITICAL INSTITUTIONS:

Today's political leaders must recognize new
claims for citizen participation in the decision
making process. 2.3

Our institutions and leaders are retarding
change because of their interest in main-
taining the status quo. 2.8 2.8

A national leader should encourage argument-
ation and conflict so that issues can come to
the surface to be publicly debated.

2.1 2.1 1.7 1.2 29

2.7 2.3 2.0 17

2.5 2.5 2.3. 2.1 1.6 15

The power structure of this country has to
undergo considerable change before things
will improve.

SUPPORT FOR BUSINESS:

There is too much foreign control of the
Canadian economy.

Gpvernment intervention in big industry is
endangering the free enterprise system.

Business is overly concerned with profits
and insufficiently concerned with its public
responsibilities.

CONCERN OVER SOCIAL INEQUALITY:

The government has the responsibility to
see to it that all people have adequate
housing, medical care, and protection
against unemployment.

Differences in income between people in
this country should be reduced.

A worker's son doesn't have much opportu-
nity to advance in our society.

SUPPORT FOR ECONOMIC GROWTH:

We must move to conserve natural resources,
even if it means a lower standard of living.

Long term economic growth should be a
national priority.

2.6 2.6 2.7 2.2 1.8 15

2.7 2.3

1.8 2.4

2.1 1.7 1.7 19

2.7 2.6 2.6 11

3.0 2.4 2.2 2.1 1.8 21

2.4 2.4

2.9 2.6

3.3 3.3

2.3 2.1.

1.8 2.0

2.1 1.9 2.1 5

2.3 2.1 2.1 11

3.2 3.0 2.5 10

2.2 1.9 1.5 13

1.8 2.1 3.0 25

* This table was taken from Page 95 of the report on Canadian 'Policy-Makers'.
See Michael Omstein "Canadian Policy-Makers ' Views on Nuclear Energy".
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"THE NUCLEAR CONTROVERSY - WHAT ARE THE ISSUES?"

A. Wyatt - Canatom (Ontario) Ltd.

In the preceding paper Dr. Doughlin has outlined the social basis

of the support for the anti-nuclear movements. In doing so she has touched,

in a general way, on some of the issues that they are raising.

Given the varied nature of the background and goals of the anti-

nuclear groups it is scarcely surprising that the issues raised by them

are also varied. In this paper an attempt has been made to catalogue the • )

whole range of issues. This does not imply that any particular group
i

espouses all these issues and no attempt has been made to identify specific j

issues with specific groups. However, all these issues have been raised

at various times in different places. Since nuclear energy is now almost !

world wide in its application for the production of electrical power it is [

not surprising that the anti-nuclear phenomenon is also equally widespread.

Different issues receive different emphasis in different countries. The j

mode of expression of opposition to nuclear power ranges from rational

debate to "sit-ins" on nuclear sites.

The papers to-morrow cover many of the technical issues in sonie

depth. However, in order to provide a total overview of the issues, the

general lines of the responses are given here. A short bibliography is

also included of some of the principal sources of information, both pro

and con. in any debate, or general discussion, of nuclear questions there

is a tendency for the ground to move quite suddenly and a discussion of

what seems like a purely technical question to quickly change into a

discussion of ethics and morality. In lim Taller part of the paper there

is a brief review of the major pitfalls in public discussion. This is
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included because engineers and scientists, by background and training, are

not usually well equipped to discuss their technical field with someone

xtfho is much better versed in the art of debate in the public arena. The

auf-hor is firmly of the belief that the engineering and scientific

community has to be willing to debate in this forum, even though they

may find the techniques and tactics of their opponents contrary to what

they have been taught, and practised, in the way of reasoned unemotional

sifting and weighing of facts and hypotheses. In modern vernacular, that's

the way it is and if the nuclear industry doesn't wish to see its good case

go down by default it will have to get in there and lay the facts out —

which is presumably why all of you are here these two days.

The issues have been grouped under four main headings -- Economic;

Technical; Social/Ethical/Moral; and, Political. There is obviously a

considerable degree of overlapping between these groupings, but this

approach clearly shows that our concerns are not purely technical and

economic but must consider the political, social, ethical and moral issues.

In any debate the proponents of nuclear power should seek a sense of

perspective for their arguments and be prepared to clearly spell out where

they see a double standard being applied to pass judgment on the nuclear

industry that is not applied to other industries. It should also be

clearly recognized that there is a real danger of replying to simplistic

statements by the opponents of nuclear power with equally simplistic

answers. In some cases this can be done accurately but in many cases the

complexity of the subject defies simplification of the answer. Over

extensive qualifying statements often give the impression to the lay

listener, however unjustly deserved, of being evasive, of being unsure

of the answer, of basically agreeing with the opponent's viewpoint. At
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llie risk of sounding evasive, etc. one must concede that this is a difficult

point and one's answer must inevitably be tailored to the context and exact

form of the question.

A. ECONOMIC

A.I Conservation. The extreme stance is the advocacy of zero or negative

growth in energy consumption. The more moderate position advocates more

efficient energy use, with which few technical people would disagree.

Higher unit prices for energy will lead, by normal economic forces, to

more efficient energy use as represented by the normal engineering evaluation j

of annual charges for capital compared to annual running costs for energy, j

labour and operating materials. Population increase, more energy intensive

industi"ial processes, and higher living standards for those at the lower !
i

end of the prosperity scale will require additional energy. These factors \

are applicable not only to Canada but even more so to the developing

countries. Many of the critics of energy consumption enjoy the benefits '

of Western world standards of living, health and education and it smacks j

of arrogance to seek to deny others access to these same standards. i

A,2 Energy Use Causes Unemployment or, increased unemployment as a

result of energy displacing labour. This issue is often coupled with the

"life style" issue (see C.5) and is raised by those who feel that the

present life style and high average standard of living in the western

world is morally wrong. There is understandably a great reluctance, on

the part of the proponents of this issue, to spell out exactly what it

means. If one man, earning ten dollars an hour, can operate one machine,

costing forty dollars an hour, and do what fifty men could do manually in

one hour should you abo1ir.1i I ho machine and (he oporalor and employ fifty
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men at one dollar an hour? You can extend the argument back to the time,

not that long ago, when energy usage was much lower and when labourers

wages were low. It would not take you back to a time of low unemployment

and certainly not of comparable living standards. The argument could only

conceivably be valid, and even this is very doubtful, if present society

values were destroyed.

A.3 Use of Alternative Energy Sources. Nuclear power is unnecessary

since any additional energy requirements can be met by environmentally

benign renewable energy sources such as solar, wind and bio.-nass. Many

environmental groups have serious reservations about hydro, tidal and

geothermal power. Solar heating is probably the most likely alternative

to achieve much use over the next few decades. Solar generated electricity

and windpower is not economic and not suitable for the power needs of

industry and large urban centres. An energy input/output analysis of

these systems does not show them in a favourable light compared to fossil,

nuclear or hydro plants. All energy systems should be used to their

maximum economic advantage and, for the foreseeable future in Ontario and

many other parts of Canada and the world, this means the use of nuclear

energy for base load power. Oil and gas are far too valuable to be merely

burnt. For Ontario now, and increasingly so in other parts of Canada, the

only choice for base load electric generation is between coal and nuclear.

Nuclear, of the two, is cheaper, cleaner and safer.

A.4 Iliflh Capital Cost of Nuclear Power. The capital cost per kilowatt

of nuclear generating plant is somewhat higher than coal-fired plant with a

full range of pollution control devices and loss than most hydro plants.

However, an energy system capital cost analysis that includes investment

•;osts in new mines9 the transportation infrastructure and waste disposal
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facilities increases the capital requirements for the coal-fired system

relative to nuclear. The higher plant capital cost for nuclear is more

than offset by the much lower fuel cost.

A.5 A Nuclear Power Plant Consumes More Energy In Its Construction Than

It Produces In Its Lifetime of Operation. A frequently parrotted statement

that is palpably false. It appears to have grown out of some energy system

studies that show that at very high rates of exponential growth, in the

order of doubling system size every two years, that the energy consumption

to sustain that rate of installation will exceed the energy output of the

system. The argument only holds as long as that high exponential growth

•rate is maintained. In the early years of a nuclear program this may be

the case. For example, NPD-22MWe in 1961 to Douglas Point (t-NPD) - 220 Mtfe

in 1967 to Pickering 'A1 (H-Douglas Point + NPD) - 2250 MWe in 1973. If

this rate was maintained this would imply, for Ontario Hydro, 22,500 MWe

of nuclear in 1979 and 225,000 MWe of nuclear in 1985 and so on, which is

ridiculous. The Ontario Hydro nuclear program achieved an energy input/

output balance in 1973 and since then, and into the future, the energy

surplus rapidly increases.

A.6 Performance Unreliability. The critics claim that nuclear power

plant performance is so unreliable that they can never achieve the economic

advantages claimed by the proponents. This is certainly not true based on

Pickering experience compared to fossil plant experience, in the same unit

size range. Unit availabilities are comparable, CANDU compared to fossil.

Since these availabilities ave frequently, on an annual basis, in excess

of 70 per cent and the break-even capacity factor, for units of 500 MWe

and larger, is less chnn 50 per cent there is ample margin for the nuclear
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units to generate very significant savings for the consumer. Pickering

has already done this, to the tune of half a billion dollars in saved

fuel costs compared to the best fossil plant on the same system, in less

than five years since the first unit came into service.

A.7 Uranium Will Run Out in a Few Years so it is silly to build a large

number of nuclear plants. This may be a problem elsewhere in the world

but not in Canada. Our known reserves can support our planned nuclear

program into the next century on the present fuel cycle. With advanced

fuel cycles, already in advanced stages of development, this time period

can be extended considerably.

A.8 Excessive Cost of Decommissioning. At the end of its useful life a

nuclear plant will be so contaminated with radioactivity that it will cost

more than the original capital cost (in constant original dollars) to

decommission. This criticism is not true. Reactors have been decommissioned

in the U.S.A., calandrias have been replaced at NRX, numerous cost studies

have been done in Canada, USA, Britain, Sweden and Germany. These studies

show that the cost, even to revert to "green meadow" conditions, is less

than ten per cent of the original cost (in constant dollars). The site

may well be re-used for alternative more efficient power generators in the

future and the decommissioning costs could be even lower.

B. TECHNICAL

B.I Reactor Safety. Among the more moderate critics of nuclear power

reactor safety as an issue has declined in importance in recent years. A

primary reason for this is that the Rasmussen report clearly showed that

the probability of fatal accidents to the public, resulting from the

operation of nuclear reactors, was significantly lower than other hazards
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of overday life and the entire range of natural hassai'ds. Although in any

probability analysis one can question exact numbers used the end result

figures in the Rasmussen report could be orders of magnitude out without

affecting the basic safety confidence in nuclear reactors. For example,

the probability of a person dying from lightning is predicted as 2500 times

more likely than from a nuclear accident. Maybe the figure should only be

250 times, maybe it is 25,000 times, whichever of these figures might be

true in absolute terras the risk is still extremely low compared to a risk

which very few people ever worry about. However, some opponents claim to

require absolute assurances on nuclear safety to make nuclear power acceptable

to them. Such absolute assurances arc not possible but this is an example

of a double standard. Can such critics claim an absolute assurance of

crossing the street safely?

More extreme critics use accident examples from research and test

reactors, accidents such as those at Enrico Fermi, Windscale, and Brown's

Ferry to couple with adjectives like catastrophic. Since no power reactor

accident has ever resulted in the death or injury of a member of the public

this view shows a lack of proportion and a double standard when compared to

accidents in for example chemical plants.

Soaie critics urge a return- to a more tranquil Waldenesque society.

Mother Nature can be a hard taskmistress as any ocean fisherman can testify.

Going down to the sea in ships is orders of magnitude more hazardous even

than uranium mining.

B.2 A Nuclear Po#er Plant Can Explode Like an Atomic Bomb. This is

impossible. An atomic bomb requires almost pure uranium -235, in metallic

form, or plutonium, to be rapidly brought together in a precise and compact

shape. The natural uranium in a CANDU reactor contains less than one per
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cent of urnni.um -235, is in oxide form, and is surrounded by large amounts

of heavy water and structural materials that would prevent any form of

atomic explosion. This issue highlights a basic problem of trying to

disseminate factual information about nuclear power. Although the answer

to the question "Can a CANDU nuclear power plant explode like an atomic

bomb?" is a categoric unqualified "No", there are still people, for reasons

that defy logical analysis, who persist in believing that a nuclear plant

can explode like a bomb.

B.3 Haste Management. The critics charge liiat plutonium wastes will need to be

safely stored for a quarter of a million years, that a safe storage method

has not been demonstrated and that the guarding or custody of these wastes

imposes an intolerable burden on our successors and will require stable

social and political systems for millennia, when man has

(CONTINUED ON PAGE 9)
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not even been able to achieve such stability for even one hundred years

(the so-called Pax Britannica lasted from 1815 to 1914 and was punctuated

by numerous small wars and revolutions). This subject is covered in detail

in a later paper. The solution to the problem is to store the wastes in

an insoluble matrix buried several thousand feet down in geologically

stable (for hundreds of millions of years) rock or salt formations. This

will not impose any burden on future generations since the material will

be more difficult to dig up than naturally occurring radium or uranium

ores.

B.4 Plutonium is the Most Toxic Substance Known to Man. This statement

is widely believed by nuclear power opponents. It is untrue in the normal

chemically toxic sense. If swallowed,over one gram of reactor plutonium

would be required to cause death, which would occur fifteen or more years

later. Only one tenth of a gram of lead arsenate is required to cause

death in a very few days. Sixteen times as much reactor plutonium would

need to be injected, to cause death fifteen or more years laLer, than coral

snake venom. If inhaled reactor plutonium is comparable to nerve gas,

though the time to death with nerve gas would be in the region of a few

hours. The retention of plutonium in the human body varies with different

organs and this accounts for the differences in lethal quantity with

different means of entering the body.

In this context a number of facts should be borne in mind. From

nuclear weapons testing, totally unrelated to electrical generation from

nuclear energy, there is over •six tons of plutonium in the atmosphere

which adds a groat deal more to background radiation than the operation

of nuclear power plants. It lias; been calculated that the U.S.A. imports

annually enough arsenic irioxidc to kill five billion people, based on the
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mean lethal dose. Is this material, with an infinite half life, buried

deep underground? Not at all, it is scattered over the earth's surface in

areas where food is grov/n, because of its use as a pesticide.

A more valid area of concern is in the handling of plutonium, where

special and elaborate precautions are taken to handle the material remotely.

Such handling will be needed if plutonium is recycled as a fuel in CANDU

reactors or for the fuelling of fast breeder reactors.

B.5 Nuclear Pover Plants Regularly Emit Radioactive Material to the

Environment. The level of emission permitted is regulated by the Atomic

Energy Control Board to criteria recommended by the International Co.Timission

on Radiological Protection. In practice nuclear power plants in Canada are

now designed to operate to a level less than one-hundredth of these criteria.

This performance has been achieved at Pickering 'A' in spite of the fact

that these much lower design targets were only adopted after the station had

been designed and built.

B.6 Thermal Pollution. A nuclear plant rejects all of its waste heat

to the cooling water whereas a fossil plant rejects part of its waste heat

to the atmosphere and the rest to the cooling water. Because of lower

steam conditions the nuclear plant opei-ates at lower efficiency than a

fossil plant and this also adds to the waste heat. In order to keep this

in perspective it should be remembered that this heat is small compared to

the variation in hours of sunshine. The waste heat from a 600 MWe nuclear

plant on the Bay of Fundy is equal to h\ hours of sunshine on the waters

of the bay. If the economics are favourable it would be beneficial to

recover this waste heat. This is done at the Bruce Heavy Water Plant from

the Douglas Point Nuclear Generating Station. Possibilities for district

heating and process heat do exist, particularly where new energy centres are
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B.7 Environmental Effect of Heavy Water Production. The concern here

is the large amount of hydrogen sulphide present in the inventory of an

operating heavy water plant that uses the GS process. Gas dispersion

systems are included in the plant design. A heavy Water production plant

is a chemical process plant and many chemical processes are potentially

far more hazardous. Logically the banning of heavy water production plants,

using the GS process, should be accompanied by the wholesale banning of oil

refineries, explosives plants and many, if not all, petrochemical and other

chemical process plants.

C. SOCIAL / ETHICAL / MORAL

C.I Radiation Effects on Occupational Health, Public Health and Genetic

Effects. The basic issue raised is that all radiation is bad and, if the

critic concedes that there is natural cosmic radiation, that all additional

man-made radiation is bad. The critics are on slippery ground here because

by far the greatest man-made radiation is that from X-rays and other medical

applications, which are presumed to be beneficial. More careful use of

medical radiation applications would lower the average radiation level by

several orders of magnitude compared to the average level from power reactor

operation. The average wristwatch with a luminous dial gives the wearer a

larger radiation dose than he r.eceives from nuclear power plants. Children

receive a comparable radiation dose to that from nuclear power by merely

watching television.

Some nuclear power opponents clni.m that radiation is bad because it

is the only man-made activity thai: cnuues gone tic damage. This statement

is also false, many chemicals can cause genetic damage as was all too tragically

shown by the use of thalidomide by expectant mothers. Genetic effects normally

occur in about 3 per cent of all live births and are due to spontaneous
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mutations in the sex cells. The rate at which these mutations take place

is very sensitive to the temperature of the gonads. It is reported that the

custom of men wearing pants increases the temperature of the gonads by over

3 0. In terms of radiation equivalence 1 mrem of radiation to the gonads

carries about the same genetic risk as lh hours of wearing pants. I have

no daf.a on whether the incidence of genetic defects is lower among the

progeny of true Scotsmen. If it is assumed that radiation health effects

have a linear relationship with the amount of radiation received, down to

the lowest levels, (which appears to be a conservative consumption) then

one can calculate some interesting equivalences.

For the average north American, if all his electric power requirements

were nuclear generated, his life expectancy, on the linear relationship

hypothesis, would be reduced by roughly thirty-six minutes. This is the

same reduction in life expectancy as for smoking just three cigarettes in

a lifetime or, if you are a non-smoker, being in a room with a person who

smoked twenty cigarettes during your enLire lifetime. The risk of nuclear

power is also equivalent to the following - riding in an automobile an

extra one and a half miles per year; spending an extra eight hours of one's

life in a city instead of in a rural area; being three ounces overweight

(assuming a quadratic relationship between overweight and life expectancy).

Living next to a nuclear plant.in a rural area gives you a bettor life

expectancy than living in a city with no nearby nuclear plant.

In any statement of public lioalth effects from the existence of

nuclear plants a comparison should also be made with the public health

effects of an equivalent for.f.il-f ircil pi nut. W.it:h the increasing scarcity

and value of oil and gas (his fossil, plant will most likely be fuelled with

coal. This question has not been studied in the same depth as for nuclear

power and the quantifiable effects cannot be defined as exactly but there is
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clour evidence that the public health deaths and injuries from operating

comparable output coal-fired plants are 20-100 times higher than with

nuclear.

C.2 Deaths Among Uranium Miners. Much is made, particularly in Ontario,

of deaths among miners. Although mining has been, throughout the ages, a

hazardous occupation, mining fatalities must never be accepted as a norm.

However, a comparison can be made with coal mining traumatic accident

statistics in a publicly o;jned mining corporation with a good, relative to

other jurisdictions, safety record, namely the National Coal Board in

Britain. To produce the same electrical output twenty times as many coal

miners will be killed as uranium miners in mine accidents. Coal miners

can and do develop black lung disease, uranium miners can and do develop

lung cancer -- both are tragic for the miner and his family. The point

to be made is that it is not morally irresponsible to favour nuclear power

over coal in order to save a substantial number of coal miners lives.

Inadequate attention was paid in the past, in many parts of the world,

to the problem of uranium mine tailings. This problem can be handled, at

moderate additional cost, by proper dyking, adequate cover and in some cases

by replacement of tailings into worked out mines.

C.3 Morality of Long Term Waste Storage. This was discussed earlier under

Waste Management (Section B3 ). The opponents of nuclear povver hypothesize

that nuclear was.tes will need physical surveillance and then build their case

on the immorality of saddling future generations with this "perpetual"

responsibility. This is not a real issue since the hypothesis is not founded

on fact. Embedment several thousand feet beneath the earth's surface in

stable geologic formations of virtually zero mineral value imposes no burdens

on future generations.



- 90 -

C.4 No Faith in Technical Solutions or Technical People. This issue spawns

much rhetoric with derogatory references to the "nuclear establishment" (that

is, everybody in the nuclear industry or who supports the peaceful uses of

nuclear energy), to the "nuclear scientific priesthood", and to nuclear

technology as a prime example of high technology and^therefore "elitist".

This is the jargon of the professional protest movements. Unfortunately,

we live in an age when some political leaders and some political and social

institutions have displayed a shoddy image and given many opportunities for

questioning of their values. This has been a golden opportunity, which

skilful demagogues can exploit to the full, of deriding all leaders, all

institutions and society itself. Turning the other cheek to such attacks

is not an effective defence, descending to the same level is not a justifiable

offense, the only long-term effective response is the repeated clear statement

of reasons for technical proposals, the alternatives and the effects of

inaction. There are many who think that inaction is the greatest threat to

our society and that the fear of taking necessary action for the good of the

majority, if it offends a vocal minority, does a great disservice to the

genuine needs of the majority. Striving to achieve the greatest good for

the greatest number is not an unworthy goal and technical people need not

and should not act as though they were nshamed of putting their talents to

the service of Lheir fellow men.

Somewhat ironically any technical person who opposes nuclear power

development is immediately endowed, by his fellow lay opponents, as the

holders of all truth whose words are infalli-ble. Thus we have the spectacle

of three engineers who resign from General Electric in the midst of the

California initiative campaign being lauded by the media whilst the tens of

thousands of scientists and engineers who quietly get on with the job of

constructively developing safe nuclear power for the benefit of their
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fellow men are largely ignored. This phenomenon extends to counting Nobel

Prize winners on both sides of the nuclear controversy. This really proves

very little. Nobel prizes are awarded for outstanding achievement in some

particular field, not necessarily for outstanding wisdom.

C.5 Opposition to Current Life Style which extends to opposition to our

present culture, increased urbanization and an energy-based society. This

issue is usually coupled with the preceding one arid the opposition is based

on the premise that current life styles and culture are bad. There are

certainly aspects of our life styles that can rightly be questioned. Is

conspicuous consumerism morally right in the face of extensive real poverty

at home and abroad is a valid question and should be debated on its merits.

To attack the energy industry and nuclear power in particular as being

responsible for all the ills of the world is intellectually dishonest. It

is ironic that many of those who use these arguments are beneficiaries,

through their high level of publicly financed education, of the very energy-

using society th^y effect to despise. The type of response that you use on

these issues tends to depend very much on your own system of values but

rest assured that our opponents are in no way the sole possessors of all

wisdom, truth und virtue.

C,6 Secrecy of Information. An oft raised issue is that of secrecy of

information. A typical wording of this issue is given in the following

statement by Dr. F. Knelman in. a radio debate with Dr. W. B. Lewis, "nuclear

information in Canada has been hoarded, glossed over and distorted and

Dr. Lewis is one of the most guilty jicople in that." This is also an

example of the personalization of issues and explains why many people in

the nuclear industry are unwilling to engage in the cut and thrust of debate.
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My only comment would be that this type of thing "goes with the territory"

and we should not avoid debate merely because we don't like the tactics of

our opponents.

In a recent survey the CNA found that far from secrecy there was a

veritable flood of scientific, technical and other material on all aspects

of nuclear energy in Canada, thousands of public talks, information centres

at Chalk River, Pickering and Bruce visited by tens of thousands of people

each year and with much of the material available to the public in major

libraries across Canada. For those of us in the nuclear business the

problem isn't lack of information, it is one of trying to koep up with the

vast amount of published material in one's own field of specialization. The

nuclear critic dismisses all this information as propaganda and claims that

because it is written by professionally knowledgable people in the nuclear

field that they are self-serving and putting out misinformation because

they are paid to so do. Such views are so irrational that they are difficult

to refute, even if it is highly improbable, not to say insulting, to imply

that thousands of professional people would or could engage in a conspiracy

of s\tch magnitude.

c»? Nuclear Proliferation. Concern is expressed that power reactors in

underdeveloped countries or in countries with unpopular governments could

be used as a basis for these countries to manufacture nuclear weapons. The

concern about the spread of nuclear weapons is valid and every realistic

effort should continue to be made to stop the spread and use of nuclear

weapons. Buying nuclear power reactors is not the easiest or cheapest

route to a nuclear wenpons program, in fact money spent on power reactors

is potentially money diverted from nuclear or conventional weapons and thus

should be encouraged by l.hose who j;ec:k di.sarmanont as a goal. It is also
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inoftdct.ive as the recent sale by France of a reactor to South Africa

clearly shows. None of the countries with nuclear weapons programs based

these on nuclear power reactors. Britain, France, U.S.A., Russia and

China all built special facilities to produce highly enriched U235 or

plutonium, India obtained her material from a research reactor to build

an underground explosive device.

C.8 Nuclear Technology is Unsuited to the Real Needs of Developing

Countries. This issue is usually coupled with the preceding one. Apart

from the fact that the statement is untrue in itself it also has definite

racist overtones. Many developing countries have no indigenous energy

supplies. On an energy content basis uranium is, at present, the cheapest

and least bulky fuel to import and imposes the least burden in terms of

foreign exchange requirements. The spin-off in terms of skills and higher

education applications into other fields is most valuable. The racism is

implied in two ways. Most of the developing countries are non-white and

there is first

(CONT'D ON NEXT PAGE)......
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the implication that the white man knows best for his non-white brethren

and has decided, with his superior wisdom, that his non-xtfhite brethren

would be best off without machine energy toiling in the fields and mines

to export unprocessed raw materials to the West. Second, there is the

implication that the non-white man is not to be trusted to misuse nuclear

technology. This is arrogant nonsense as the Japanese survivors of Nagasaki

and Hiroshima can testify. International trust is a scarce commodity and

no one race can claim any monopoly of either virtue or vice.

D. POLITICAL

D.I Sabotage/Terrorism. Much has been made of the potential hazards

arising from the sabotage of nuclear plants or the diversion of plutonium

into terrorist hands.

The Rasmussen Report defined the worst conceivable nuclear power p].int

accident as the breach of the containment shortly after the reactor vessel

is melted through in weather conditions that involved a strong temperature

inversion with the wind blowing toward a nearby large city. Let us assume

that a large band of terrorists were able to cause this, by means unknown

and probably fatal to themselves, on a day with the right î eather conditions.

It has been calculated that the consequences of such an accident would be

2300 fatalities from acute radiation sickness plus 3200 later cancer deaths.

There are several daras in the U.S.A. where sudden failure of a dam could

cause over 200,000 fatalities, which could be effected in a much simpler

way and with little risk to the terrorists compared to trying to create

the above nuclear accident scenario.

Stealing plutonium to build a homemade atomic bomb is a favourite

bogeyman for some anti-nuclear critics. Apart from the hazards to the

thief, or thieves, reactor grade plutonium would give a low yield bomb.
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It would be far better to steal a ready-made high yield military bomb or

military grade plutoni.iim. The nerve gases are a far more plausible way of

killing large numbers of innocent people in crowded public places. Ironically

experts on terrorism consider the publicity for the plutonium bomb issue to

be a great service to society since it diverts the attention of would-be

terrorists away from easier and much more harmful pursuits.

D.2 The Protection of Nuclear Facilities will Lead to a Police State with

unacceptable restrictions on civil liberties and the militarization of the

nation's transport system.

By virtue of their design and multi-safety systems nuclear power

plants are less hazardous lhan many plants manufacturing dangerous chemicals

or conventional explosives. Much of the equipment in a nuclear station is

very valuable and the owner will naturally be concerned about its security.

It is difficult to see why the level of security precautions should be

markedly different than those in use at present for potentially hazardous

or valuable material. It can be presumed that a criminal may regard his

civil liberties as curtailed because a bank tries to keep his hands away

from coloured pieces of paper issued by the Bank of Canada. The honest

citizen, however, may well regard those same precautions as an enhancement

of his civil liberties by the protection afforded those s;ime pieces of

paper in which he has a personal stake.

D.3 Misuse of Technology by Society is an issue raised in those countries

with military programs. This issue was perhaps best articulated by the late

Bertrand Russell in the days of the Aldermaston Marches in Britain and the

"Ban the Bomb" rallies. Although moral and ethical questions were raised,

their resolution was a political decision largely influenced by national

defence consider;rit ions. It. is really i.rrrlev.uit to the question of nuclear

p«i.ver lVaetors buL many rri.l if:; .-it I iMiipt to impute guilt by association by
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trying to get the public to link atomic weapons and nuclear power.

D.4 Hiflh Enoi-fly Society is Capitalist, Low Energy Society is Marxist.

Typical of this is the view of a Swedish political leader "the capitalist

system cannot be modified towards a low energy society. A socialist

plan-economy, marxist economy, must be introduced." This political

polarization of the nuclear issues has become widespread in Japan and many

Western European countries. So far North America has been spared this one,

the nearest approach being the rhetoric of some of the populist consumerism

groups.

In a free society everyone should be entitled to express his political

view of technical questions as long as he makes it clear that it is a political

view alone and not a bogus technical view dressed in political clothes.

Politics can be defined as the art of who gets what, why and when and is a

very pragmatic art not really concerned with lofty philosophical musings

that politicians love to indulge in as sugar for their unpalatable pills.

D.5 Centralization of Power. Nuclear power is regarded as bad by some

critics because it is a visible symbol of large central power generation.

These critics advocate the widely dispersed community controlled power

generator and long to return to the .simple pleasures of an idyllic rural

existence that unfortunately only exists in their own romantic imnginntion.

Even engineers have these dreams but as long as we have billions of people

on this planet earth such dreams can only become reality for an elitist few.

D.6 The Need for a Great Nuclear Debate. Plentiful machine energy leads

to plentiful leisure time for more and more people. What to do with all

this leisure time? Why not have an inquiry, a great debate, a select

committee, a Royal Commission, a hot-line show? What should be the topic?

Abortion, teen-age drinking, violence on TV, a new expressway, the indiscretions
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of politicians, big business, big unions, supersonic transports, t:he role

of the modern church, a national energy policy, nuclear power. The list

is almost endless. Many engineers and scientists do not want to debate,

in the public arona, technical matters within their area of competence.

They want to be strictly accurate in all their statements, with all the

qualifications and reservations that their training and their professional

honesty requires of them. The public arena is not really interested in

that, it does not have or provide the time for scientifically accurate

explanations. One communicates in the language a person understands.

The opponents of nuclear power realize this, they try to claim sole possession

of all the motherhood views - concern for future generations, concern for

health and safety, concern for the environment, concern for the consumer's

pocket and so on. Lets' lay it on the table; they can talk a good line

but its the miners, the engineers, the scientists, the production workers

on the shop floor who provides the material goodies that support our

services — health, education, welfare, etc. --, he is the one who does

something positive and constructive about safety, health, the environment,

the future and who strives to see that the consumer gets good value for his

money.

We may not feel that we should have to defend the worth of our efforts

' but if we don't do it for ourselves don't be too surprised if no one does it

"* for us. Let us not be afraid of debate, though we have need to be concerned

| about the format of any debate. The following story by William Cnvanou^h

•{ (Managing Director, ASTM) 17 lust rales the nr:<»d for this concern.

"Not long ago, out in a city in t.hc Mulwest, an ordinary citizen,

whom I shall callJohn, was nrrr-stcd by the police, brought before a magistrate,

and charged with having robbed the local bank. He swore that he was innocent.

The police said he was guilty. The courts would have to decide.
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So the wheels of justice began to turn. First, the police and the

district attorney's office put out news releases arguing that John was

guilty. Then, John and his friends countered with letter-writing campaigns

supporting his innocence. Both sides commissioned studies by independent

research groups to validate their claims. Newspaper editors backed one

side or the other in their columns. Local politicians and criminal justice

experts offered their opinions about John's guilt or innocence.

After several months of intense efforts on both sides to influence

public opinion, a jury was selected. The judge gave the jury members copies

of press releases, newspaper clippings, and studies and statements by the

experts, and directed them to digest all this innLerial and reach their

verdict.

! Ridiculous, right? But that's the system we use in the country to

settle questions affecting the lives of millions of people. How did we

decide against developing the supersonic transport? Ho;* did we reach the

decision to ban DDT and cyclnmates? Phosphates in detergents? How are we

now making a decision about the effects of offshore oil drilling? The

effects of fluorocarbons on the ozone laynr?

I am argu i.ng neither for nor againut those due is ions--at this point

j I really don't know whether they are good or bad decisions. I am questioning

-i the process by which those decisions were made, a process that we might call

}, trial by PR."

D.7 Who Pays for Safety. Some critics of nuclear power claim that the

nuclear industry should pay for the costs of safety. Without trying to

determine the reasoning behind thi.s claim it should bo poinli-d out that, as

in any other type of power plant, all (he runis of :;,-ifot.y <.><|iii.puu'iit and

devices, safety margins In design and so forth, become part of the capital

and operating coot of the plant and part of the price paid by the consumer.
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However, this price forms part of the consumer price Index and hence increases

in cost due to safety or environmental measures cause increases in the con-

sumer pi'ice index, which in turn are used to justify increases in wages and

salaries. Average wages and salaries, over the past twenty years, have

increased at a much faster rate than the consumer price index or the cost

of electricity -- this is certainly true in Ontario. The consumer has not

therefore suffered financially by the costs of safety.

However, if the concern is that more should be done with regard to

the safety of miners, safer highways, safer automobiles, safer anything why

not separate that cost out and not include it in determining increases in

the consumer price index but show it separately as a safety cost index.

Increases in the safety cost index would not be justification for increases

in wages or salaries, that is the consumer would truly pay for increased

safety. At present, for nuclear safety, we are paying in excess of one

million dollars to potentially save one life. I question whether there

are many, if any, other fields of activity that invests so much for safety.

It is time that the public started asking that safety money be spent to its

most effective result and this might happen if the public paid the cost of

safety more directly.

I have tried in this talk deliberately to be provocative, some state-

ments have been made tongue-in-cheek. I even hope that it may have stuck

the odd needle in, that's deliberate. If you are honestly and effectively

going to espouse your support for nuclear power in a public forum expect

some reaction, even some downright hostility. Some of our ccitics arc not

overly sensitive of our susceptibilities. If you want to see the level to

which political debate can fall read the parliamentary reports a decade

ago on the flag debate.
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There are pitfalls to be avoided in public discussion. However

aggravating or hostile on opponent or audience never lose your cool. The

use of irony is fine, but the line between irony and sarcasm can get rather

blurred at times and sarcasm can backfire if you have a quick-witted opponent.

Avoid the appearance of being too much on the defense, which is not the same

as advocating being offensive. All the time seek to put things in perspective

and to draw valid comparisons. Most people, and particularly the uncommitted,

are basically fair-minded and would prefer to have the facts laid out for

them with some comparison so that they can make a choice. Not "here is a

fact--is it good or is it bad", but "here are two facts—which do you think

is better". Treat you opponent as you hope he will treat you--with respect.

If you think he is advancing something abhorrent it is better to say "Surely

you are not implying that...." rather than saying "That's idiotic". Not

only does it give him a way out but if you h.-ive misunderstood him it gives

you a way out.

Who is the real public we must try to reach? The professional malcontents

use the nuclear controversy for their own nims, the best we can hojse for with

them is that they find some other issue on which to focus. Our concern must

be with that oft referred to, but ill-defined, man (including woman) in the

street, who is worried about frightening statements about nuclear power that

he may have seen or heard. He needs facts that give the truth about the

specific point of his concern and puts the point in perspective compared to

alternatives or to similar situations with which he may be more familiar.

None of us are experts in every aspect of nuclc.ir power but we do have a

background of nucle.ir knowledge u\\t\ experience that should be shared with

others. Wo do have obli.g.'il. Lous to woi-i.oty to l.ry to explain what we are

doing and why we are doing it. Maybe the going will be rough at times but

it is a challenge we can and must face. Most of us entered this nuclear

tmsinoss because we felt there were challenges in it to our professional
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nnd personal abilities. Now let us show the critics of our industry that

we can respond responsibility to their criticisms and make this world a

better place not just for us, not just for them but for everyone and all

of our children.
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The Potentialities of Terrorism

Bernard L» Cohen

University of Pittsburgh, Pittsburgh, PA 15260

1 2
In the recent writings by and about T. H» Taylor, ' there is great emphasis

on the potential danger of Terrorists stealing plutonium and using it to make

nuclear bombs. It has been widely argued that this 1s a reason to stop the

development of nuclear power. This seems like a strange time to advance these

arguments: the problem should have been raised in the 1950s when the decision was

made to develop nuclear power, rather than now after billions of dollars and

thousands of man-years of effort have been devoted to the project. Moreover, at

that time we had other available energy options that might have been developed,

whereas we are now in a position where our national economy would be gravely

injured 1f the nuclear option were abandoned. However, the threat still must be

faced, and it is ray purpose here to put it into perspective with other potential

terrorist acts.

First let us try to quantify the plutonium bomb threat. Stealing plutonium

might be possible* but it would not be easy. Where it 1s accessible In processing

plants, employees are screened and everyone entering or leaving the area must pass

monitors capable of detecting 0.01 percent of the minimum amount needed to make a

bomb, even 1f 1t were 1n a capsule swallowed by a would-be thief. When it 1s

transported, plutonium 1s carried in armored trucks carrying guards who are expert

marksmen with shoot-to-k1ll orders. There are elaborate communications facilities

which should bring help rapidly. Taylor himself has estimatecrthat if he were to

organize a theft consipracy, there would be much more than an even chance that he

would be killed in the attempt. And security measures are being tightened
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continuously,, For example a new transport vehicle 1s being developed which can

be made Immovable and Impregnable for a long period of time, and which will

automatically send out a call for help.

Once the plutonium 1s 1n hand, fabrication of a bomb 1s by no means easy.

How difficult 1t 1s must be Judged by people with experience 1n nuclear weaponry

so we quote a few of these on the subject:

The opinion that makes the task seem easiest 1s that of Taylor2:

"Under conceivable circumstances, a few persons, possibly even one

person working alone, who possessed about 10 kilograms of plutonfum and

a substantial amount of chemical high explosive could, within several

weeks, design and build a crude fission bomb. By a "crude fission bomb"

we mean one that would have an excellent chance of exploding with the

power of at least 100 tons of chemical high explosive ..... The key

persons or person would have to be reasonably Inventive and adept at

using laboratory equipment,.... They or he would have to be able to under*

stand some of the essential concepts and procedures that are described 1n

widely distributed technical publications concerning nuclear explosives,

nucloor reactor technology, and chemical explosions (and) would also have

to be willing to take moderate risks of serious Injury or death."

Wt fpfMon which fives mere comfort 1s that of J. Carson Nark4, former
x

division director at Los Alamos Scientific Laboratory:
1 "I think that such a device could be designed and built by a group

'o

•'• of something I1k« six well-educated people, having competence 1n as awny

different fields. As a possible listing of these, one could consider:

A chemist or chemical engineer; a nuclear or theoretical physicist;

someone able to formulate and carry out complicated calculation*, probably

requiring the use of a digital computer, on neutronic and hydredymwiic
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problems; a person familiar with explosives; similarly for electronics;

and a mechanically skilled Individual. Among the above (possibly the

chemist or the physicist) should be one able to attend to the practical

problems of health physics„ Clearly depending on the breadth of

experience and competence of the particular Individuals Involved, the

fields of specialization, and even the number of persons could be varied,

so long as areas such as those Indicated were covered."

An even more optimistic opinion 1s due to E. M. Kinderman of Stanford

Rtstarch Institute:

"Several people, 5 to 10 with a hundred thousand dollars or so could

do the job if the people were both dedicated to their goal and determined

to pursue H over two years or more. One or a few competent physicist-

engineers could probably arrive at a tentative design In a year or so.

A chemical engineer and a metallurgist could.... construct'the essential

equipment, make essential tests, and alone or with some help, operate a

plant to produce the product dictated by the bomb designer. Others would

be needed for the design and construction of the miscellaneous parts.... It

is likely that the team will produce something with a force equivalent to

50 to 5000 tons of TNT .„„„ (and it) will weigh less than one ton."

Statements from governmental officials have been purposely vague for fear

of Inidvertently providing official Information that might be useful to potential

bomb makers. Perhaps the most definite statement 1s the following from an ERDA

Safeguards Program Background statement dated March 10, 1975;

"... a dedicated 1nd*v1dua1 could conceivably design a workable

device. Building 1t, of :ourse, Is another question and 1s no easy task.

However, we also recogn1*«d that 1t 1s conceivable that a group with

knowledge and txperience In explosives, physics, metallurgy, and with
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the requisite financial resources and nuclear materials could^over a

period of time.perhaps even build a crude nuclear explosive,."

The information best known to the public on this question is derived from

the NOVA television program "The Plutonium Connection" in which an MIT undergraduate

produced on paper a design and fabrication procedure which a Swedish expert judged

to have "a small but real chance of exploding with a force of OJ to 1.0 kilotons."

It is well known that a design on paper is only a small part of the problem, and

the film never argues that one person could make a bomb, although most viewers

were left with that impression- One ERDA expert who examined the fabrication

procedure said that there is a ^ery high probability that the fabricator would be

killed long before he finished his work.

A median expected explosive yield for such a device would be perhaps 300 tons

of TNT. Exploded at ground level in open terrain this would produce a crater about

20 feet deep and 90 feet in diameter, and the blast would be sufficient to severely

damage a brick apartment house 2,000 feet away, or a large office building at a

distance of 500 feet, assuming that there are no structures in the way to absorb

the blast. The prompt gamma radiation would administer a lethal gamma ray dose

(500 rem) to unshielded persons up to 500 yards away, and clothing would be set

( afire out to 300 ytrds if there is no shadowing..

^ The two most obvious sites for such a detonation would be in a large

\ building which would be totally destroyed along with all Its inhabitants, or in a

football stadium where the gamma radiation and the thermal effects would prove

fatal to nearly all attendees. Thus there are special situations where 50,000 or

more people could be killed by such a bomb. However, it is clearly a "block-buster"

rather than a "city-destroyer". This very important distinction is often lost sight of;
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fo most people, a}} nuclear bomb.s are city-destroyers. Indeed even the radioactive

fa nout from such d device, whr'e causing great inconvenience, would cause no early

df.dths and few othe*" effects Ho> example, a person one mfie directly downwind

m-.ght 'eceuve about *00 **em of exposure which wou)fl give him a probability of eventual

oncer death (typka'iy 30 years idtt;') ot 2%, hd-d'y noticeable compared to our

'.orma 17% probabil iXy o* cjf>iep <M?n\h

To a Terrorist, then, iuch a b>.nb would be a way ot killing all the people

•'•• a 'arge building o-- a footba'i stadium However, tt that >s his desire, there

ore many easier a!ternatvve way., ot accampt •:,h>rig this Let us suggest a few:

) Release a poison gas into the ventilation system of a large building,

2, Discharge a large load of gasoline (either by airplane or tank truck)

on the spectators *n a footbai' stachum - lighted cigarettes would do

the rest

3- Blast open a large dam; there are situations where this could kill over

200,000 people.9

4 Poison a city water or toot) supply

5. Attack a tanker carrying liquified natural gas as it passes near a

densely populated area; estimates tor this are about 50,000 fatalities,

Any imaginative person could add many more sterns to this ltst. In fact, one expert

or. terrorism told me he was very gratified by the interest in Terrorist employment

of nuclear weapons because tt might divert their attention from other far easier and

more damaging activities

Let's see how Terrorists might operate. To be most efficient, they should carry

out one or two such mass-murder incidents for starters, just to establish their

credibility. Then they could issue their demands with the threat that if these are

not met there will be another mass murder incident. They needn't specify what type



- 108 -

of incident or where — so it would be almost impossible to take precautions.

Wouldn't this be as effective for blackmail as blowing up a building with a nuclear

bomb? There is no limit to the number- of such incidents they could perpetrate.

Un'Mke plutonium, the necessary mater ii'r:> are readily available in unlimited

quantities. Unlike the nuclear bomb bUuation, there av3 plenty of people wiLh

&\1 the necessary know-how to carry our. these plans, In some of them, there n a

reasonable risk that, some of the terrorists would be captured, but this is no

problem: tneir release could be added to the conditions for the next threat

Once we accept the fact, that these are real threats, perhaps we should

sta^t guarding against them — that is the current approach to the nuclear bomb

problem. For starters, we should guard ventilation systems of large buildings.

It would not be sufficient just to watch the intakes, as the poison gases could

be introduced at many places simply by cutting into the duct, We must have a

guard fo^ce capable of withstanding a well planned and competently directed sunrise

attack by 15 heavily armed men — that is the type of attack assumed iii plutonium

theft scenarios.. This would require at least 10 guards <st each large buvidinn, n

force of a thousand or more m a large city — and thdt'b just to take care of item

No. 1 on our list* Some of our other items would requsre even larger guard forces,

and our list is far from complete, [ It is estimated that a very adequate guard force

for our nation's plutonium would consist of a tew thousand men-V

In fact, it is not necessary for Terrorists to kill thousands of people *or

blackmail purposes. Killing a bus load of school children, or turning a theater or

auditorium into a blazing inferno would be almost equally effective. Kidnapping

wives and children of Congressmen and other high officials would probably be more

effective. Attempting to guard all such potential targets would be a tremendous task,

If we were to follow the "guarding" route, we would indeed by approaching the

police state that Ralph Nader has been attributing to the safeguarding of plutonium..
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Moreover there could be all sorts of accidents and misinterpretations of seemingly

suspicious movements. And then Terrorists could infiltrate the guard forces — that

is always considered in plutonium theft scenarios.

Clearly all this guarding is impossible. Given the will and the resources

a large, well led, well disciplined, heavily armed group of Terrorists striking at

a time and place of their choosing can commit as much mass murder as suits their

purposes, and no amount of guarding or police action can stop them or even appreciably

deter them. (Police have had some success in capturing irrational offenders or

those who can be traced through persona! motive, but gangland killers working

"under contract" are seldom apprehended.) Terrorists have had this mass murder

option for a very long time, and the added possibility of stealing plutonium to

fabricate into crude nuclear bombs capable of blowing up a building or committing

mass murder in a football stadium adds little if anything to this capability.

Perhaps we can take solace in the fact that Terrorists have never exercised

this option even though it has been available to them for some time; in fact they

have never killed large numbers of people in a single episode. Perhaps they have

more morality than we credit them with, or perhaps they are deterred by the loss

of public sympathy that would ensue. This question has been discussed at some length

by Jenkins.

But if Terrorists should decide to employ mass murder, there can be only one

answer — Society must learn not to give-in to blackmail. Actually we can gain

little by yielding to it; if one threat is averted, what is to prevent another from

following, and another, and another,, On the other hand, if we stand fast against it,

blackmail can serve its perpetrators no purpose.

When this point is raised, it is often argued that in the past Society has

often yielded to blackmail. But this was always to irrational blackmailers on a

one-time binge. A well organized mass murder program, and surely one involving

nuclear weapons, would not be possible without highly rational direction, and any
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undertaking of such magnitude would probably not be for a single episode.

Societies have often been faced with rational blackmailers willing to

commit mass murder to achieve their end$ -- that is what we call making war. In

nearly all cases, Societies have chosen to resist the blackmail and accept the

mass murders ravaged upon them. They have chosen this course even when their hope

of victory was small. Surely we can face up to the type of war ravaged upon us by

rational internal blackmailers and accept our losses. Not to do so would mean

accepting indefinite tyranny, something few nations have done to avoid war. Facing

up to it would mean a guaranteed victory. And the victory might not be long in

coming; mass murders would be faced with indescribable hatred from their fellow

citizens, and in such an environment they could not last long. In any case, they

would have nothing to gain by continuing the fray.

But what does this issue have to do with nuclear electric power? As we have

shown, there are and always have been many easier vehicles for blackmail. If

Terrorists are attracted by the nuclear option, there are other sources of plutonium.

Tens of tons have been produced for our weapons program and there are many potential
240foreign sources, mostly of much lower Pu content and therefore much better for

235bombs than the plutonium from our nuclear power industry. U is much easier to

use for making bombs, and is even more available. And a Terrorist group could save

themselves a great deal of time and trouble by stealing a ready-made bomb from the

military.

We should certainly guard our plutonium carefully to deter Terrorist thievery.

But making a major issue of it as a reason for stopping nuclear power is hard to

understand. As noted previously, if it. ever was a major issue it should have been

considered in 1955, not In 1975. Isn't this just another example of nuclear critics

looking hard for issues to support their emotionally-based dislike for nuclear power?

To paraphrase the late President Kennedy, the opponents of nuclear power will pay any
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price (even an economic depression which would cause many thousands of additional

suicides per year and doom millions to lives of misery), support any ally (even a

former bomb designer providing information to Terrorists on how to make nuclear

bombs), oppose any foe (including the nation's most distinguished scientists and

essentially all people who know much about nuclear power) to achieve their aims.

With many good, well-meaning people of our country being taken in by this operation,

what Terrorists can do Is among the lesser of Society's problems.
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Issues in Plutonium Toxicity*

Bernard L. Cohen
^ivi i1ty of Pittsburgh

•Paper presented at Annual Meeting of American Nuclear Society, July 1976.
It is based on a more detailed paper to be published in Health Physics.
References are given therein.

Toxicity of Plutonium from ICRP-BEIR Data

The calculation of the cancer risk due to exposure to plutonium alpha
emitting isotopes consist's of

(1) determination of the dose in rem to each exposed body organ
using ICRP data

use of BEIR estimates of cancer risk per rem vs age
average over agesill

Me now explain these factors in turn.

(1) The dose in rem is defined as
- energy deposited (̂  100 ergs) RRF

rem " mass of body organ (gm) * Dt

where RBE, the relative biological effectiveness, is
obtained from ICRP as 50 1n bone and 10 in other organs

masses of body organs are given by ICRP for standard
man (ICRP Publication No. 23}

energy deposit = energy of alphas x alphas emitted per day x
number of days Pu remains in organ

The fraction of Pu intake spending various times In various organs
1s available from ICRP (Publication No. 19). For example, 1f PuOg particulate
of 1 micron diameter Is inhaled, 25% deposits in the lung; 40% of this is
eliminated with a one day half life to the gastro-intestinal (G-I) tract,
another 40% Is transferred with a 500 day half life Into the lymph nodes from
which it goes with a 1000 day half-Hfe into the bipod stream, and 5% passes
directly Into the blood stream with a 500 day half life. Of the material
getting Into the G-I tract, 3x10-5 penetrates the Intestine walls Into the
blood stream and the rest 1s excreted. Of that In the blood stream, 453 ends
up 1n the bone and 45* goes to the liver. It is eliminated from bone with a
70 year half life and from the liver with a 35 year half life.

From this 1t is clear that the lung is exposed to 0.25 x (0.4+0.15+
0.05) - 15% of the Inhaled plutonium for an average of 500/Jin 2 days. The bone
collects 0.25 x (0.15+0.05) x 0.45 = 2.3% of the inhaled Pu and keeps 1t for
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essentially the remainder of life; etc. Thus the dose to lung, bone, etc are
calculable In rem per microcurie Inhaled.

(2) The BEIR Report recommends a model 1n which there 1s a 15 year
latent period following exposure during which there are no
effects, followed by a 30 year "plateau" period during which
there is a constant risk, r. It gives r = 1.3x10*6 per yr-rem
for lung cancer, 0.2x10-6 per yr-rem for bone cancer, etc. For
children less than 10 years old, these are divided by 5. For
an older person, there Is a calculable probability that death will
result front other causes before the cancer develops. From these
one can calculate the cancer risk per rem as a function of age
at intake.

(3) Combining (1) and (2) and averaging over age gives the average
cancer risk per microcurie of Pu inhaled.

239The results are given in Table I for Pu (16.3 gm per
curie) and for the mixture of Isotopes in typical reactor-Pu

Table I: Cancer-causing Doses (microgram)*
239Entrance Mode Pu Reactor-Pu

inhalation (participate in air) 1300 200
injection In blood stream 280 44
1ngest1on with food or water 6.5xlO6 lxlO6

•defined as the Inverse of the risk per microgram. See discussion 1n text.

(2.5 gm/cur1e). The Inverse of the risk per microgram Inhaled
is called the "cancer-causing" dose; for Pu 2 3 9 1t is 130G ug.
In view of the linearity hypothesis in the dose-effect
relationship, one expects one cancer for every 13^0 uqm
inhaled by people 1n a large population.

Slightly different procedures were used by the British Medical
Research Council In U s report "The Toxidty of Plutonium" and by C. W. Mays
(one of the principals 1n the experiments with Pu in dogs) In IAEA-SM-202/806.
They obtain cancer-causing Pu 2 3 9 doses of 820 and 1250 u9 respectively, but
they do not include age dependences, calculating for the most unfavorable age
(young adults). The value used here is thus in reasonable agreement with those.

If Pu 1s Injected directly Into the blood stream, the bone and liver
2 receive 45* of 1t rather than the 2.3X following inhalation, so bone and liver
| cancer- are much more frequent; but in this case there are no lung cancers
J which are the dominant effect from inhalation. The calculated results are
i given in Table I.

If Pu is Ingested with food or water, the danger 1s greatly reduced by
the fact that Pu does not easily pass through the IntestinexalIs, so only 30
parts per million gets into the blood stream. The bone and liver cancer risks
are thus reduced relative to that from injection by that factor; There ts, 1n
addition, a risk of similar magnitude of cancer of the G-I tract (colon,
stomach). These results are also shown In Table I.

Genetic effects, due to concentration of Pu in the gonads, are roughly
1/5 of the number of cancers. These are expected to occur over the following
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5-10 generations.

All of these estimates are based on data from radiation effects on
humans as analyEed in the BEIR Report. These include the.Japanese A-bomb
survivors, miners exposed to radon gas, people treated with radium or wtth
x-rays, etc. None of these effects were from Pu. However, there is a
considerable amount of data from animal studies with Pu, and this 1s
summarized for lung cancer 1n Figure 1 where the line shows the estimate from
our calculation. In general the agreement is not unreasonable. There has been
a great deal of publicity about the high point for dogs at an abscissa value
of about 1,2x10^, but we see that our curve passes within the error bars
given by the authors. One aspect of that experiment that 1s frequently over-
looked is that the latent period for development of the cancers Increased with
decreasing dose, and in fact the dogs contributing to the point under discussion
developed cancer very late in life. If this effect 1s extrapolated to lower
doses, the latent period for most doses usually considered would greatly exceed
life expectancy, so the effects derived from the linearity hypothesis would be
greatly reduced.

Criticisms of Standard Procedures

Critics of nuclear power have objected to treatments like the one we
have given. The best known of these objections is the "hot-particle" theory,
which gives greatly increased effects (by a factor -v/105) due to the fact
that the Pu is not evenly distributed over the lung but is concentrated in
particles which give much higher than average doses to a few cells. This
theory has been studied and rejected by the following groups:

(1) NCRP 1n its Publication No. 46.
(2) British Medical Research Council in its publication "The

Toxicity of Plutonium".
(3) United Kingdom National Radiological Protection Board in its

Report R-29 and Bulletin No. 8 (1974).
(4) U.S. AEC in the most elaborate study, WASH-1320.

U.S. NRC in Federal Register, Vol. 41, No. 76.
Several publications by individuals.III

There is also a National Academy of Sciences study expected to report soon.
One easily understood aspect of these criticisms is that there were about
25 workers at Los Alamos who inhaled varying amounts of Pu about 30 years ago,
and according to the "hot particle" theory each should have experienced an
average of over 100 lung cancers, whereas there have been no lung cancers
among them.

After these criticisms of the "hot particle" theory appeared, John
Gofman came out with a new theory giving enhanced effects. His basic premise
is that cigarette smoking destroys cilia and thereby greatly retards bronchial
clearance, making Pu much more dangerous to humans than to animals since the
latter do not smoke. He manages to explain the lack' of lung cancers among
the 25 Los Alamos workers by a combination of four improbable hypotheses, the
failure of any one of which would destroy his theory.

There have been at least seven Individual critiques of the Gofman
theory. One criticism is that direct measurements of bronchial clearance
rates (by inhalation of radioactively labeled dust followed by measurements
of radiation emitted) show little difference between smokers and non-smokers.
Apparently smokers do more coughing and have more mucus flow to compensate for
loss of cilia. Another criticism is that if bronchial clearance were as slow
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as Gofman hypothec's ires, smo^r*. would die of lur'-ccazior, from ordinary dust.
Gofman has suggested that ih-2 great increase ir. lung cancer in recent years
may be due to Pu, but this increase has been steady since the 1930s whereas
Pu-induced cancers should not have occured unti" 1960. Moreover, the lung
cancer increases have been in areas with cnesnical industry and high air
pollution, and there has been no increase in areas down-wind from the Nevada
test site where Pu would have its maximum effect.

A relatively less publicized attack on the conventional approach to
evaluating plutonium toxicity is the "warm particle" theory of Edward Martell.
He hypothesizes that natural radiation 1s one of the principal causes of
cancer, but this idea is rejected by the cancer research community.

K. Z. Morgan has proposed that the RBE in bone might be 250 times
larger than the usual value of 50. C. w. Mays, on whose experiments much of
Morgan's hypothesis is based, reanalyzed Morgan's work and concluded that if
his approach is correct, the increase should be only by a factor of 10. There
is experimental information on this from the supposedly "terminally-ill"
patients injected with Pu in 1945-46 to study Pu metabolism. Four of these
ire still alive and one who was injected with a rather large quantity lived
jntil 1968. If the RBE of Pu were 10 times the present value, there is a good
chance that one of these five would have gotten bone cancer but none did.
Since our calculated inhalation effects are dominated by lung cancer, a factor
of 10 increase in bone cancer risk would only double the total inhalation risk.

In evaluating all of the criticisms outlined above, it is important
to realize that they are actively considered every year by a committee of
ICRP and they have repeatedly been rejected. Likewise EPA, which has juris-
diction in the U.S, studied the matter and decided not to modify its standards.
No standard-setting or official study group in any country has given credence
to any of these criticisms of standard procedures.

Consequences of Plutonium Dispersal

It is clear from Table I that Pu is dangerous principally as an
inhalant, so we now consider the consequences of a dispersal of PuO£ powder in
a populated area. The calculations are done with the Gaussian Plume Model, in
which the dust cloud moves with the wind dispersing as a gaussian distribution
in the downwind, cross-wind and vertical directions. Meteorologists have
determined the widths of these gaussian distributions as a function of wind
velocity and atmospheric stability. Figure 2 shows the results of calculations
assigning the atmospheric stability most characteristic of each wind velocity.
This 1s different between day and night, so separate curves are given for each.
These curves give the area within which various fractions, q/Q, of the
dispersed Pu are inhaled. For example, we see from Fig. 2 that for a typical
8 m/sec wind velocity, only in an area of 500 m z Is as much as 10"6 of the
dispersed Pu inhaled. A typical city population is ,10"2 people per mz, so
there would typically be about 5 people in this area. Similarly, about 50
people would inhale 10"%. 500 people would inhale 10"8, etc of the dispersed
Pu. Since we know the cancer risk per microgram of Pu inhaled, it is straight-
forward to calculate the total number of cancers expected per gram of Pu
dispersed. When corrections are applied for the fraction of typical PuOg
powders that are in particulate of respirable size, the efficiency in dispersal,
and the protection afforded by being inside buildings, the result is that we
may expect about one eventual cancer for every 15 grams of Pu dispersed, or
about 30 fatalities per pound. If there is a warning, as in a blackmail
scenario, people can be instructed to breathe through a folded handkerchief or
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a thick article of clothing, with a resulting ten - ft id oeci«;isc in fatalities
to 3 per pound dispersed.

Eventually the Pu settles to the ground and mav be re-suspended by
being blown up by winds. Within the first few months,"this causes about
0.014 fatalities per gram dispersed, about 5 times less than inhalation from
the initial cloud. Beyond this time period, resuspension is of much less and
continually decreasing Importance as the Pu becomes part of the soil like any
other part.

239
Of course, Pu lasts for tens of thousands of years, so let us

consider its effects over this time period. We know the amount of uranium
in soil and we know how much there is,in the air, so we can estimate how much
is inhaled per yea*' -- about 1.3x10"" of that in the top 20 cm of soil. If
this factor is applied to the Pu after 1t becomes part of the soil, we find
that over the 25,000 year half-life there wil! eventually be about one
*"«. la lily per 2500 gn> of Pu dispersed.

A summary of all these effects of Pu dispersal is given in Table II.
It also includes plant uptake into food which is a small effect due to the
slow rate at which Pu penetrates membranes.

Table II: Summary on fatalities per gram of reactor-Pu dispersed

Source Fatalities/gram dispersed

Inhalation from cloud 0.067 (1/15)
Resuspension 0.014
Long term 0.0004 (1/2500)
Plant uptake into food 0.00004

Total 0.081

Perspectives on Dangers of Pu Dispersal

The fear is sometimes expressed that the world may become
"contaminated" with Pu^39. To evaluate this potentiality, we calculate that
if all of the world's electric power were produced by fast breeder reactors in
an equilibrium situation where Pu is consumed as fast as it is produced, the
total amount of P u " " in the world would be 2x10° curie. By comparison, the
radium (Ra" 6) in each meter of depth of the earth's crust is 1.2xlQ9 curie,
so there is as much Ra in each 17 cm of depth as there would be Pu"9 in the
whole world. For ingestion, Ra is 40 times more toxic than Pu as it passes
through the intestine walls much more easily. For direct inhalation, Ra is less
hazardous than Pu, but it serves as a source of radon gas which is a very
serious inhalation hazard so as materials on the ground^Ra is a 40 times
greater inhalation hazard than Ra. Thus, as a long term hazard either for
ingestion or inhalation, Ra is 40 times worse than Pu and the total Pu 1n
existence from an all-breeder power system would be as dangerous as the Ra in
each 4 mm of our soil.

Of course nearly all of this Pu would be in reactors or in other parts
of the nuclear industry, well isolated from the environment. In fact if we
used breeder reactors for a hundred thousand years (so P u " " decay is in
equilibrium with its sources), the total Pu accumulated in the environment
would be only 0.4% of that in the nuclear industry.
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The total Pu releases from the U.S. nuclear industry with present
technology is estimated to be about 1 gram per year. This does not Include
releases in reactor accidents; if the Rasmussen probabilities are assumed to
apply to LMFBRs, average annual releases would be about 40 grams per year, so
this source is dominant over routine releases. It would cause about one
fatality every 2-3 years.

The same estimate of Pu toxicity predicts about 200 U.S. fatalities
to date from Pu releases in bomb tests, and 4000 in the world. It also
predicts about 200 fatalities world-wide from the re-entry burn-up of an
earth satellite carrying a SNAP reactor heat source using Pu"°.

It is important to keep in mind that all of these estimates are
theoretical, based on the linear-no threshold hypothesis of dose-effect
relationship. There is no evidence for Pu toxicity having caused serious
Injury to any human being, anywhere, ever.

One often hears that in large scale production of plutonium we will
be creating unprecedented quantities of poisonous material. Since Pu is
dangerous principally as an inhalant, we compare it in Table III with
quantities of other poisonous inhalants produced in the U.S.

Table III: Lethal inhalation doses produced annually in U.S. (trillions)

Chlorine 400
Phosgene 18
Ammonia 6
Hydrogen cyanide 6
Pu if all U.S. power were

from fast breeder reactors 1

It should be noted that Pu is not easily dispersed whereas the others are
gases and hence readily dispersible. Of course Pu released to the environment
will last far longer than these gases which would be decomposed chemically,
but it should be recalled from our earlier discussion that nearly all of
the damage done in Pu dispersal is by the initial cloud of dust; all of the
later resuspension and the thousands of years spent in the soil do far less
damage. It is thus not unfair to compare Pu with the poison gases, and we
see from Table III that it is far less of a hazard.

Terrorist Use of Pu Toxicity

One often hears that terrorists might disperse Pu, making use of its
toxicity. To do so in open air and thereby cause 30 cancers per pound
dispersed would hardly suit their purpose. It would only be thinkable if
dispersed into the ventilation system of a large building. However, chemical
poisons (e.g. those listed in Table III) would be equally effective and
would take effect immediately whereas Pu would have no effect until 15 to 45
years later. Another problem from the terrorist viewpoint is that Pu dispersal
could not be used as a threat in a blackmail scenario, as the problem can be
eliminated by simply switching off the blowers in the ventilation system.

The use of Pu for its toxicity in a city water Supply would be most
ineffectual, causing about 2 eventual (15 to 45 years later) cancers per
pound. Even this requires that the plutonium be in a chemical form that stays
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In solution. Normally 1t precipitates out above about pH 3, whereas water
supplies are typically pH 7.

Pu Leakage from Low-level Waste Burial Grounds

There was recently substantial publicity given to an EPA Report
citing evidence for leakage of Pu from a burial ground for low level waste
at Maxey Flats, Kentucky. Actually, the evidence presented was far from
conclusive; there are other simpler explanations for the observations reported
based on above-ground transport.

However, even if the leakage mechanism proposed 1s found to be
correct, it would not apply to deep burial like that planned for high level
waste and future transuranic waste. Moreover, the level of danger is truly
minimal. The plutonium in the most contaminated water found 1n the area is
10 times less dangerous than the radium found 1n average city tap water. In
fact, if all of the Pu 2 3 9 burled in Maxey Flats were to leak out and find Its
way Into rivers, there is only about a 10% chance that it would cause a
single fatality.
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FUEL CYCLE

J.A.L. Robertson

The present fuel cycle for CANDU reactors, once-through, natural-
uranium fuelling, is not really a cycle at all. However, it is the simplest
possible system for reactor fuelling and, under present conditions, provides
the lowest fuelling costs. Also its simplicity makes it the easiest to get
established, at minimum investment in capital, technology and skilled man-
power. Thus while other countries are concerned over the commercialization
of enrichment and reprocessing technologies Canada is very fortunate in
already having well established all components of its "fuel cycle": uranium
mining and refining, natural uranium fuel fabrication, reliable in-renctor
performance and safe., retrievable storage for spent fuel.

Canada is also fortunate in having plentiful uranium resources,
that allow us the option of continuing with once-through fuelling for many
years to come. Slide 1 shows that the expected consumption of uranium to
the end of this century will be much less than existing resources, even
after allowing for committed exports. Recent uranium price increases are
encouraging further exploration and, partly as a result, resources have
increased 8% in the past year.

However, when a utility decides to build a reactor it wants to be
assured that there will be sufficient fuel available for the amortized life
of the reactor, which will not even start operating for several years after
the decision to build. Slide 2 shows that for a rapidly expanding system
there is a large difference between the amounts of uranium consumed and
committed for any given year. Furthermore, domestic commitments could
eventually exceed the resources established at that time, even if increased
discoveries and no further export commitments are assumed.

Providing assurance of supply of a commodity for a forward period
of forty years is unprecedented. Our economic system does not provide the
incentive to prove out reserves for such a long advance period. The
problem can be made even more difficult by viewing it from a utility's stand-
point. There would be little point in getting into nuclear technology at
all if there were only enough uranium to last to the end of the amortized
life of its first reactor. Thus it wants assurance of sufficient fuel for
an expanding system for the greater part of a century.

This, then, defines the fuel cycle objectives. The long-term
objective is to provide a CANDU system capable of providing all the energy
needed, in a safe and environmentally acceptable manner, at competitive costs
and from available resources. The short-term objective is to provide utilities
with the necessary assurance that the long-term solution will be available when
it is needed. These two objectives may appear impossibly optimistic but, in
fact, they can be achieved.
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All currently-commercial power reactors burn only about one per-
cent of their uranium feed. From the earliest days of nuclear power it
has been clearly recognized that fuel cycles more conserving of uranium
would have to be developed as the use of nuclear power increased. This,
of course, is the reason why many countries are developing Liquid Metal
Fast Breeder Reactors. However, popular mythology has obscured the
true purpose of fast reactors. It is not to get something for nothing
("breeds more fuel than it consumes") but to consume so little fuel that
the cost of power is highly insensitive to the cost of fuel. This permits
the use of expensive uranium without significant cost penalty and hence
makes available vast resources of low grade uranium throughout the world.

Fortunately for us, the neutron economy of heavy water as a
moderator combined with the nuclear properties of uranium-233 makes the
same end result (decoupling of power costs from feed costs) available by
another route. Slide 3 shows how the current type of CANDU reactor, whose
commercialization is already proven, can progressively decrease its fuel
consumption, first by recycling plutonium from the spent fuel, then by
substituting thorium for uranium. The bottom line, "Self-sufficient
thorium-U-233 cycle", would require no continuing uranium supply after
the initial fissile inventory had been supplied, and only trivial amounts
of thorium. While it is unlikely to represent the economic optimum for
the foreseeable future a successful demonstration confirming the underlying
assumptions would put a ceiling on energy costs at a level no more than 25%
above present ones.

Those more familiar with fast reactors may be surprised to learn
that the amount of uranium that has to be mined to provide the initial
fissile inventory is about the same for both systems. Two tons of uranium can
initiate 1 MW(e) generating capacity of CANDU-thorium reactors that would
thereafter operate indefinitely with no further uranium. The uranium
inventory needed for this option can even be maintained as spent fuel from
CANDU reactors, since it is the plutonium content that is required. The
100,000 tons of spent fuel that we expect to have in Canada by the end of
this century would be enough to initiate 50,000 MW(e) of CANDU-thorium
capacity, Canada's total electrical generating capacity about three years
ago.

This long-term target of a self-sufficient thorium cycle determines
our R§D program, while providing interim benefits along the way. First,
simple plutonium recycling will halve uranium consumption; then an economic
thorium cycle will reduce consumption by a further factor of two. Slide 4
shows that this requires a fuel cycle no more complex than that for fast
reactors. Thus for the next two decades our RftD program will have several
components in common with many other countries: fuel reprocessing, active fuel
fabrication and management of radioactive wastes. For implementation, these
three components are expected to be closely integrated in a fuel cycle centre.
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On closer inspection, each of these components has several sub-
components, explaining why the whole program to demonstrate the thorium
fuel cycle for CANDU reactors will take something like twenty years.

The technical feasibility of processing irradiated uranium to
recover the plutonium and unburned uranium and to separate the fission
product wastes has been demonstrated in several countries. Plant opera-
tions have revealed some practical problems but the major uncertainty in
processing costs is due to uncertainty in licensing requirements. Canada
has some experience of fuel processing from laboratory-scale work at Chalk
River in the late 1940s, resumed recently at Whiteshell. Much more will
be required to determine processing costs with confidence and to establish
a Canadian processing industry. Our experience with the heavy water
industry has demonstrated that, even when an existing process is imported,
considerable domestic R§D is essential to obtain reliable plant operation
at high capacity factors.

Processing irradiated thorium is similar in many ways to process-
ing uranium, but there are enough differences to require additional develop-
ment. Relevant experimental work has been done in other countries but, so
far, has not progressed beyond the pilot stage.

The situation with regard to fabricating the active fuel for
recycling back into reactors is similar. There is already considerable
international experience on the recycling of plutonium with uranium. In
Canada, experimental work has demonstrated the feasibility of incorporating
plutonium with uranium in standard fuel bundles, which were successfully
irradiated in a CANDU reactor (Slide 5). A pilot-scale plant for fabricating
such fuel has been built in one of the Chalk River laboratories to obtain the
additional information that would be needed before committing an industrial-
scale plant. A photograph (Slide 6) illustrates the type of air-tight
enclosure ("glove boxes") that must be used when working with plutonium to
avoid its inhalation and ingestion.

When irradiated thorium is processed one obtains the new fuel
uranium-233, analogous to plutonium from irradiated uranium. The toxicity
of uranium-233 is comparable to that of plutonium, so similar precautions
are needed in handling both. In addition, uranium-233 emits appreciable
radiation so that fuel incorporating it must be fabricated remotely behind
shielding, in the general manner illustrated in Slide 7.

The other major component of the fuel cycle to be introduced is
concerned with the management of the radioactive wastes resulting from fuel
processing. This subject will be discussed separately by R.G. Hart later
in the session.

Since the processing of spent fuel and the refabrication of active
fuel have already been successfully demonstrated, at least experimentally,
the problems now being tackled are commonly seen as lying in two distinct
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areas: economics and safety precautions. In fact these are but two aspects
of the same problem. There can be no question that all operations must be
performed safely, both for industrial workers and for the population at large.
Thus most important objectives of the development program are to demonstrate
that the proposed safety precautions are satisfactory under practical conditions,
and to establish realistic cost estimates for processes incorporating these
safety precautions. These estimates, together with complementary estimates
of uranium availability and costs, will then have to be combined to allow a
confident decision on when fuel recycling should be introduced.

There is some public concern over the hazards of processing pluton-
ium, which is an essential stage in recycling spent fuel. It is true that
plutonium is highly toxic - but not the most toxic substance known to man, as
sometimes claimed - and must be treated accordingly. However, there is
plenty of experience to show that reasonable protective measures are effective.
More plutonium has already been safely processed, mostly in countries with
nuclear weapons programs, than will be generated in Canadian fuel to the end
of this century. Much of the fear of plutonium can be attributed to ill-
founded statements that the release of a few ounces would kill millions of
people. For comparison, B.L. Cohen has estimated that a few ounces dispersed
with maximum effect in a city would cause about ten deaths, more than fifteen
years later. Obviously, one's perception of the hazard depends on which
estimate is more realistic.

A broad outline of the development program needed to assure industrial
availability of the thorium fuel cycle in CANDU reactors is shown in Slide 8.
Such a large program will inevitably be expensive. However, it is estimated
to cost less than what has been spent on developing CANDU reactors, and far
less than what is being spent by other countries on fast reactors with their
associated fuel cycles. If uranium costs rise significantly the cost of
the development program would be roughly equivalent to one year's uranium
consumption by the end of this century.

The strategic benefits would be great. Successful demonstration of
the thorium fuel cycle for proven CANDU reactors would provide assurance of
secure fuel supplies adequate for many generations.

Further Sources of Information:

(1) J.S. Foster and E. Critoph "The Status of the Canadian Nuclear Power
Program and Possible Future Strategies", Annals of Nuclear Energy, 2_,

I 11/12 (1975), p689. (Available as reprint AECL-5225).

(2) A.J. Mooradian "CANDU Fuel Cycles - Present and Future". 9th Annual
Conference of The Japan Atomic Industrial Forum (JAIF) Tokyo, 10-12
March 1976. (AECL-5516, 1976).

(3) S.R. Hatcher "Fuel for Nuclear Power in Canada: Options beyond the
year 2000". Reprinted from The Canadian Business Review, Vol. 2,
No. 4, Autumn 1975. (Available as reprint AECL-5217).
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(4) E. Critoph, S. Banerjee, F.W. Barclay, D. Hamel, M.S. Milgram and
J.I. Veeder "Prospects for self-sufficient equilibrium thorium cycles
in CANDU reactors". ANS 1975 Winter Meeting, San Francisco,
November 1975. (AECL-5501, 1976).

(5) S.R. Hatcher, S. Banerjee, A.D. Lane, H. Tanun and J.I. Veeder "Thorium
Cycle in Heavy-water Moderated Pressure Tube CANDU Reactors". (AECL-
5398, 1976).

(6) Energy, Mines § Resources Canada "1975 Assessment of Canada's Uranium
Supply and Demand", June 1976.

(7) Bernard L. Cohen "The Hazards in Plutonium Dispersal" University of
Pittsburgh, Pittsburgh, Penna. July 1975.
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CANDU-PHW POTENTIAL FOR URANIUM CONSERVATION

FUELBURNUP NATURAL URANIUM
CASE TECHNOLOGY (MWd/te CONSUMPTION/1000MW(e)*

HEAVY METAL) (Mg/yr)

1 CURRENT PICKERING 7,500
FUEL NATURAL UO2

2 FUEL NATURAL UO2 15,000
PLUS Pu-RECYCLE

3 FUEL Th/U 2 3 3 CYCLE 30,000
WITH Pu FROM NATURAL
CANDU-PHW

4 SELF-SUFFICIENT 12,000
Th/U 2 3 3 CYCLE

168

84

35

At 100% capacity factor

SLIDE 3: CANDU-PHW potential for uranium conservation



I VI

FUEL CYCLES

MINE &
REFINE

\

INACTIVE
FUEL FABRN.

1
REACTOR

CANOU
NATURAL
URANIUM

SPENT FUEL
STORAGE

MINE &
REFINE

1
CONVERT
& ENRICH

<

US LWR'i

INAPTIX/F ! ACTIVE FUEL
INACTIVE j FABRICATION

REACTOR SPENT FUEL
STORAGE REPROCESS WASTE

DISPOSAL

MINE &
REFINE

CANDU THORIUM
or LMFBR'a

INACTIVE

REACTOR

ACTIVE FUEL
FABRICATION

SPENT FUEL
STORAGE

I
- * « - REPROCESS I"-*- WASTE

DISPOSAL

SLIDE 4: Future development of fuel cycles



SLIDE 5: Individual fuel elements fabricated at Chalk River ready for
assembly into the first CANDU fuel bundle to contain recycled
plutonium. The bundle was subsequently irradiated successfully
in the NPD reactor to its design burnup.



SLIDE 6: Part of the pilot facility at the Chalk River Nuclear Laboratories
for the manufacture of mixed uranium-plutonium oxide fu-tl.



SLIDE 7: The type of remote handling that would be required
for processing uranium-233
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SLIDE 8: Summary of the fuel cycle program
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PRESENTATION TO THE ROYAL COMMISSION ON ELECTRIC POWER PLANNING

SUBJECT: MANAGEMENT OF NUCLEAR WASTES

R.G. TIART, VICE-PRESIDENT
ATOMIC ENERGY OF CANADA LIMITED

WHITESHELL NUCLEAR RESEARCH ESTABLISHMENT

In a previous submission to you Ontario Hydro described a general plan for the

management of radioactive wastes from nuclear generating stations. The

essence of this plan is that medium and low level wastes will be stored in solid

form in engineered concrete structures at reactor sites while spent fuel wastes

will eventually be incorporated into an insoluble matrix and emplaced in an

ultimate disposal facility located deep underground in geologically stable

strata. You will recall that the basic difference between these two types of

wastes is that the bulk of the radioactivity in the medium and low level wastes

is short lived and will decay away in 50-60 years while the spent fuel wastes

contain species which will not decay away for several hundred thousand years.

It is the handling of the spent fuel wastes which has caused the greatest amount

of public concern so it is on this aspect that I am going to concentrate today. I

will discuss the subject under four headings: (1) the nature of the problem,

(2) the plan for waste disposal, (3) the status of the development work and

(4) the reasons why we believe this to be an acceptable solution,

(1) The Nature Of The Problem (SLIDE 1)

The fuel for nuclear generating stations is uranium. Naturally occurring

uranium consists of two isotopes; it is 99. 3% U-238 and 0. 7% U-235. The

U-235 isotope is fissile. That means that every so often an atom of U-235

splits in two producing heat, neutrons, and fission products. The fission prod-

ucts are elements of approximately half the mass of uranium such as cesium,

strontium, iodine, zirconium and so on. Some of these fission products are

radioactive. This fission process is occurring in nature all the time. How-

ever when you arrange uranium in a certain geometry in a nuclear reactor and

surround it with heavy water the rate of fissioning increases by many orders of

magnitude producing heat in sufficient concentration that it can be economi-

cally used to produce electricity. Some of the neutrons that are produced are

absorbed in U-235 and promote more fissions which keep the chain reaction
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going. Some are also absorbed in U-238 and form plutonium. Plutonium is a

fissile material like U-235 which can be recycled with another naturally occur-

ring element, thorium, to increase our nuclear fuel supplies by a factor of

four to ten, depending on how we use it. However even if we recycle the plu-

tonium it will clearly not be physically possible to recover and reuse it all.

Thus we must consider the presence of plutonium as well as fission products in

our wastes whether we recycle or not. Recycling simply reduces the amount

that has to be considered in evaluating the hazard. Plutonium also absorbs

some neutrons to produce other actinides. These are materials with similar

radioactive properties to plutonium but with much shorter half-lives. Pluto-

nium is itself designated an actinide.

Some of the fission products and all of the actinides are radioactive. As

they decay they give off heat and penetrating radiations which can be harmful

to man and his environment. Thus the wastes must be cooled, shielded and

prevented from escaping in any significant quantities to the environment. Of

course as they decay the hazard diminishes and the handling requirement

changes. The changing nature of the wastes is illustrated in SLIDE 2. The

steep slope on the left represents the decay of the fission products. During

this period cooling, shielding, and isolation must all be provided. The shallow

slope to the right represents the decay of the actinides, primarily plutonium.

During this period only isolation is required. It's important to note that, dur-

ing this phase isolation from air is more critical than isolation from water.

Current evidence indicates that up to 1 mg of plutonium can be ingested into

the intestinal tract vvithout causing significant damage while a few micrograms

taken into the lungs can cause damage.

Because of this difference in toxicity between wastes in air and wastes

in water it has been very difficult for us to get across to the public the true

hazards of nuclear waste disposal. But let me try here once again. This is a

Pickering fuel bundle. After it comes out of the reactor it looks exactly the

same as this but of course it contains fission products and actinides as well as

uranium. If you took that spent fuel bundle and somehow or other were able to
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dissolve it in a drinking water reservoir it would represent a certain hazard. If

you took out the fuel and replaced it with mercury or lead and dissolved those

in the reservoir you would also have a hazard but possibly one that people

understand a little better. Now let me compare the hazards. After one year's

decay, that's here on the curve, the toxicity of the spent fuel bundle would be

essentially the same as the toxicity of the mercury bundle. After 100 years'

decay, that's here on the curve, the toxicity of the spent fuel bundle would be

essentially the same as that of the lead bundle. But remember that compari-

son only holds for dissolution in water. Now let's assume that you take your

spent fuel bundle and grind it up into a very fine powder and somehow or other

disperse it uniformly in a cubic mile of air, and let's assume that you do the

same thing with your lead and mercury bundle. Now your spent fuel bundle is

about 5000 times more toxic than your mercury bundle and about 10,000 times

more toxic than your lead bundle and this relationship won't change much for

10,000 years. But remember that this relationship only holds for uniform dis-

persal in air.

Now perhaps you can see how easy it is to be misled about the real haz-

ard of nuclear waste disposal. If someone wants to sensationalize the problem

all they have to do is talk only about the toxicity of the wastes when they are

finely ground and uniformly dispersed in air. It's factual information. How-

ever that information will have no relevance whatsoever to a waste disposal

facility where the only conceivable escape route to the environment is via

water. You will see later how our disposal schemes are designed to eliminate

the possibility of dispersal into air. Thus in the real disposal situation a 100-

year old spent fuel bundle represents about the same toxicity hazard as a fuel

bundle filled with lead.

An extremely important aspect of the problem, which I believe is often

misunderstood, is the quantity of wastes involved. One way of illustrating

this is to look at an individual household. The average Canadian household

uses about 7000 kilowatt-hours of electricity in a year. In a CANDU reactor

that amount of electricity is produced by 141 grams of uranium fuel and pro-
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duces 1. 1 grams of fission products and 0. 56 grams of plutonium. To put that

in perspective this lead pencil weighs 5 grams. Looking at it on a bit larger

scale SLIDE 3 gives a scale representation of the Pickering nuclear station and

the Lakeview coal-fired station and the volumes of fuel required and spent fuel

waste produced by each. You can see that the amounts of wastes involved dif-

fer by many orders of magnitude. In fact the volume of the nuclear wastes is

so small that it is the heat production and not the total volume that determines

the area required for waste disposal.

Just to summarize the nature of the problem then, nuclear wastes must

be cooled and shielded for a few hundred years and isolated from man's envi-

ronment for a much longer period. Technically, isolation from air is much

more important than isolation from water but the objective is isolation from

both. The quantity of waste produced is orders of magnitude less than that

produced by most conventional industries thus it is possible to handle nuclear

wastes with extreme care without pricing the product, electricity, out of the

market place. Current estimates indicate that waste management will contrib-

ute less than 1 percent to the cost of electricity to the user. Calculations have

shown that one repository with a total underground area of three square miles

should be sufficient to handle all the wastes produced by nuclear generating

stations in Canada for the next 75 years.

(2) The Plan For Waste Disposal

The plan for the management of spent fuel wastes in Canada is as fol-

lows. For the first five years after removal from the reactor the spent fuel

will be stored in water-filled bays at the reactor site. This will allow the heat

production to decay to about 0. 5 watts per kg of U. After this five year decay

period it will be transferred in specially designed flasks to a central interim

spent fuel storage facility where it will be held pending a decision to recycle

or not recycle the plutonium. If the decision is to use the plutonium to extend

nuclear fuel resources the fission products, and the actinides remaining with

them, will be immobilized in an essentially insoluble glass or ceramic matrix

and emplaced in an ultimate disposal facility. If the decision is to not recycle
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the plutonium the spent fuel will be packaged in a form suitable for ultimate dis-

posal and transferred directly to the ultimate disposal facility. The ultimate

disposal facility will be located deep underground in a rock formation that has

remained geologically stable for periods of the order of 500 million to 2 billion

years. We expect that it will be possible, in Canada, to locate interim spent

fuel storage, fuel reprocessing and refabrication, and ultimate disposal all at

the same site. Thus the only material shipped in to the site would be irradi-

ated spent fuel from the generating stations and the only material shipped off

the site would be refabricated finished fuel being returned to the generating

stations. We do not see the need to ship purified plutonium around the country

on a commercial scale.

There is a body of opinion, both in this country and abroad that considers

that nuclear wastes can be safely stored in concrete bunkers on the surface

until they decay to a level where they are harmless. All the evidence available

to date indicates that this opinion is valid. However if we choose this method

we leave to future generations the responsibility for rebuilding the concrete

bunkers as required. We prefer not to do this hence our emphasis on deep

geologic disposal.

Now let me discuss both the interim storage and the ultimate disposal

facilities in more detail.

Two concepts have been demonstrated to the point where they could be

used for central site interim fuel storage. These are water-filled bays and

concrete canisters. SLIDE 4 illustrates the water-filled bay concept. The

fuel is placed in baskets which are stacked in the pool as shown. The bundles

have to be spaced out in the baskets to allow for water circulation and thus

cooling. The 12 feet of water above the topmost basket and the concrete of the

walls provide the shielding, and the fuel cladding, the water, and the pool

enclosure provide the isolation. SLIDE 5 gives a schematic representation of

a central interim fuel storage facility based on this concept. To give you an

idea of size, all the fuel that will be produced by Pickering A to the year 2000



- 142 -

Management of Nuclear Wastes R. G. Hart

could be stored in a bay 120 feet long by 52 feet wide by 27 feet deep. SLIDE 6

illustrates the concrete canister concept. The fuel is placed in steel cans

which are then stacked inside a sealed concrete container. Each canister is

8 feet in diameter by 16 feet high with walls 2. 5 feet thick. It can hold 216

spent fuel bundles. Cooling is provided by conduction of heat through the walls

to the surrounding air, shielding is provided by the concrete walls, and isola-

tion is provided by the fuel cladding, the steel baskets and the concrete cylin-

der. SLIDE 7 gives a schematic representation of a central interim fuel stor-

age facility based on this concept. Again to give you an idea of size all the fuel

that will be produced by Pickering A to the year 2000 would require 1500 can-

isters which would occupy a 20-acre site.

Now let's turn to the ultimate disposal facility. SLIDE 8 gives a sche-

matic representation of an ultimate disposal facility in hard rock. You can see

that it is very much like a normal hard rock mine with a vertical access shaft

and a horizontal drift in which the wastes will be emplaced. The rock provides

shielding, isolation and cooling. The spacing of the wastes will be dictated by

heat transfer considerations. At the present time we expect that the first

horizontal shaft will be at a depth of about 3000 feet because at that depth fis-

sures and faults are likely to seal thus minimizing the possibility of release of

radioactivity to water. Eventually the horizontal shaft will be back filled as

the wastes are emplaced but in the initial phase of the program we expect to

leave it open so that the wastes can be retrieved if anything unforeseen occurs.

You can see that once the shaft is back filled the possibility of release of radio-

activity to air is essentially non-existent. I mentioned that we plan to incor-

porate the fission product and associated wastes into an insoluble matrix before

emplacement. Current thinking favors various types of glasses. We have

experience with nepheline syenite glasses and are also considering borosili-

cates. If the fuel is not reprocessed it could likely be emplaced pretty much

as it is because it is already in a matrix that is highly insoluble in water.

Some packaging would of course be required.
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(3) The Status Of The Development Work

Now let me discuss the state of development of the various aspects of the

plan.

Water-filled bays have been used for interim storage of all kinds of

spent fuel in many countries for the past 25 years. There have been some

problems with magnesium and aluminum-clad fuels but none with zirconium-

clad fuels. All our power reactor fuels are zirconium-clad fuels. Large

scale Canadian experience began with NPD fuel in 1962 and continued with

Douglas Point and Pickering. Experience with canisters is much more lim-

ited. One canister of the type described was loaded with zirconium-clad UO2

fuel from WR-1 in 1975 and a second was loaded with Douglas Point fuel this

spring,, Experience to date is also satisfactory.

Spent fuel wastes were first incorporated into nepheline syenite glass at

CRNL in 1955 and a number of such blocks have been exposed to natural ground

waters at that site since 1958. Eighteen years of leaching rate data is now

available from those tests. The leaching rates have been extremely low

indeed. Borosilicate glasses melt at 1000°C as compared to 1400°C for

nepheline syenite and therefore might be an easier glass to use on a production

scale. Spent fuel wastes were first incorporated into borosilicate glasses in

1959 in Great Britain and several years of leaching rate data is now available

on these glasses. The French and the British are now in the process of build-

ing demonstration plants for thn incorporation of their spent fuel wastes into

borosilicate glasses.

Two years ago we initiated a program, in cooperation with the Geological

Survey of Canada, to identify suitable strata for geologic disposal in Canada.

Preliminary specifications for the strata included the following:

1. The rock should have low economic value and not be close to other for-

mations with actual or potential economic value.

2. The formation should be large, accommodating a buffer zone of signifi-

cant size.
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3. The formation should have high integrity with a minimum of cracks, faults

and joints.

4. The formation should be in a zone of low seismic activity.

5. The formation should be such that the wastes will be isolated from mov-

ing ground water.

Work to date has been concentrated on two types of rock; bedded salt and

hard rock plutons. Plutons are large uniform bubbles of igneous rock which

are found in abundance throughout the Canadian Shield. Salt is attractive

because it is a good heat transfer medium, it is plastic so any cracks or fis-

sures that form will be self-sealing and its very existence is proof that it has

remained inaccessible to water ever since it was formed 4-5 hundred million

years ago. Hard rock plutons are attractive because they contain no mineral

values, they contain few faults or fissures, they have remained undisturbed

since they were formed over 2 billion years ago, and wastes in the interior of

the pluton will almost certainly be isolated from moving ground water. The

first year of the program was spent in identifying from existing maps, surveys,

and aorial photographs, where rock formations of these types existed in

Canada. SLIDE 9 shows the location of the major salt deposits in Canada.

SLIDE 10 shows the location of some large hard rock plutons in Ontario. I

emphasize some because we know there are thousands more throughout the

Canadian Shield. This year field parties examined some of the plutons to see

if the features as interpreted from aerial survey photographs were confirmed

in the field. Next year we will do more extensive field surveys and some

drilling. In the interim period we have a lot of laboratory work to do on thf

physical and mechanical properties of plutonic rocks. We are targeting to have

a site selected by 1980 and a demonstration mine in operation by 1986.

The question often arises as to how we will determine if a specific rock

type is satisfactory. We plan to do a detailed analysis of the potential path-

ways of the radioactive materials to the environment and an assessment of the

potential damage to all species along the path. We now have most of the mathe-

matical models available to do this and are collecting the experimental infor-
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mation required to use them effectively. We expect that such an analysis will

show that many host strata are satisfactory for geologic disposal of radio-

active wastts.

(4) The Reasons Why We Relieve Geologic Disposal
To Be An Acceptable Solution

Now let me indicate why we believe geologic disposal to be an acceptable

solution to the waste management problem.

1. First the strata in which we propose to put the wastes have remained

intact for 500 million years or more, through several ice ages, and all other

natural catastrophies which have occurred during that period. It is reasonable

to assume that they will remain intact for another 250 thousand years. The

relative times involved are shown on SLIDE 11.

2. The very existence of salt deposits demonstrates that they have not been

exposed to moving ground water for several hundred million years. We expect

that the interiors of hard rock plutons will prove equally inaccessible to water.

Thus it is difficult to see how the waste material could be transported out of

the repository even if it were soluble.

3. However it is not soluble. The measured leaching rates from both nephe-

line syenite and borosilicate glasses are extremely low. Thus even if water

found its way into and out of the repository it would almost certainly exit at a

concentration that would do no harm.

4. Even the small quantity of material leached away would likely absorb on

sub-terrestrial rocks and soils and decay to an undetectable level before it

reached the surface.

5. Perhaps the best proof of the geologic storage technique exists in nature

itself. The land mass of Canada already contains, within a mile of the surface,

1. 5 x 10*2 curies of radioactivity. This is much more than the nuclear indus-

try will have produced after several hundred years. Only insignificant quanti-

ties of these radioactive materials are released to man's environment. We will

be emulating nature's technique but can be much more selective in choosing the

repository.
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SLIDE 1

THE SOURCE OF NUCLEAR ENERGY

Natural U = 99.3 % U-238 and 0.7 % U-235

fission
U—235 • heat, neutrons, fission products

Neutrons + U—235 —: • More fission

Neutrons + U—238 • Plutonium

Neutrons + Plutoniuni • Other Actinides
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ILLUSTRATION OF THE CHANGING NATURE OF NUCLEAR WASTES
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SLIDE 3

SCALE ILLUSTRATION OF FUEL REQUIRED AND WASTE PRODUCED

IN 30 YEARS OF OPERATION OF COAL AND NUCLEAR FUELED

GENERATING STATIONS
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SLIDE 4
ILLUSTRATION OF WATER-FILLED BAY CONCEPT FOR

INTERIM STORAGE OF SPENT NUCLEAR FUEL
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SLIDE 5

SCHEMATIC REPRESENTATION OF A CENTRAL INTERIM SPENT FUEL

STORAGE FACILITY BASED ON WATER-FILLED BAYS
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Transfer Vehicle

Oemineralized
Water Storage

Tanks
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SLIDE 6

ILLUSTRATION OF CONCRETE CANISTER CONCEPT FOR INTERIM

STORAGE OF SPENT NUCLEAR FUEL

LEAD
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BASKET

FUEL
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_ SLIDE 7
SCHEMATIC REPRESENTATION OF A CENTRAL INTERIM SPENT FUEL

! : STORAGE FACILITY BASED ON CONCRETE CANISTERS



- 153 -

SLIDE 8

SCHEMATIC REPRESENTATION OF AN ULTIMATE DISPOSAL FACILITY IN HARD ROCK

Shafts,
Work
Shops,
etc.

Plan View

1 km
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SLIDE 9

LOCATION OF MAJOR SALT DEPOSITS IN CANADA

SALT BASINS
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SLIDE 10
LOCATION OF SOME LARGE PLUTONS IN ONTARIO
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SLIDE 11
ILLUSTRATION OF TIME SCALE FOR WASTE DISPOSAL

RELATIVE TO GEOLOGIC TIME

Salt deposits have been in place
for 100 to 400 million years —

400 300
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AECB 1095

"CONTROL OF NUCLEAR MATERIALS"

1. INTRODUCTION

The Atomic Energy Control Board was established in
1946 pursuant to the provisions of the Atomic Energy Control
Act which, in its preamble, states that the primary role of
the Board is " in the national interest to make provision
for the control and supervision of the development, application
and use of atomic energy and to enable Canada to participate
effectively in measures of international control of atomic energy
which may hereafter be agreed upon; ". The Act empowers the
Board to make regulations respecting the control and licensing of
atomic energy in particular and, more generally," as the Board
may deem necessary for carrying out any of the provisions and
purposes of the Act". The current Regulations were approved by
Order-in-Council P.C. 1974 - 1195 and became effective June 3,1974.

Bearing in mind that the Atomic Energy Control Act was
passed in 1946, it is easily understood that the initial role of the
Board was twofold:

1) to provide for the control and supervision of the
development, application and peaceful use of atomic
energy in Canada; and

2) to enable Canada to participate effectively in
measures of international control.

Over the last several years, the Canadian public has
developed a very appreciable awareness of the implications of
nuclear energy insofar as nuclear safety and the potential for
nuclear weapon proliferation are concerned. Other speakers at
this Seminar have identified many of the issues of current interest
and have outlined the steps that have been undertaken to resolve
some of these issues. The purpose of this paper is to summarize
the developments that have taken place over the last thirty years
insofar as international measures for the control of nuclear energy
are concerned.

2. HISTORICAL REVIEW

j In 1945 a single "atomic" bomb destroyed a large part of
i the City of Hiroshima and caused hundreds of thousands of casualties.

A second bomb subsequently destroyed most of Nagasaki. Since then,
increases in the number and destructive capability of nuclear weapons
as well as in the number of countries which possess such weapons
have created the risk that human life could be wiped out or at least
substantially reduced should a major war break out. In the 31 years
that have elapsed since Hiroshima the world has never been completely
at peace, but it has somehow managed to avoid the use of nuclear
weapons. It would appear that Albert Einstein was correct, at least
in part, when he stated in 1945:
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3.

"Since I do not foresee that atomic energy is to be a
great boon for a long time, I have to say that for the present
it is a menace. Perhaps it is well that it should be. It may
intimidate the human race into bringing order into its international
affairs, which, without the pressure of fear, it would not do."

Early optimism about the establishment of an effective
system of international control of nuclear energy was aroused
in January,1946 when the United Nations General Assembly approved
without a dissenting vote a proposal to set up a United Nations
Atomic Energy Commission. However, in the difficult months that
followed, the United States and the Union of Soviet Socialist
Republics were unable to reach accord on the measures to be taken
and the proposal disappeared into the pages of history.

Fortunately, a number of countries diligently pursued the
matter and on October 23,1956 the Statute of the International
Atomic Energy Agency (IAEA) was approved by the United Nations.
The Statute entered into force on July 29,1957. Not unexpectedly,
the Canadian Government played an important role in promoting
worldwide support for the establishment of the IAEA and has continued
to pursue a policy of non-proliferation as, for example, by its
membership in the Eighteen Nation Disarmament Committee which
drafted the Treaty on the Non-Proliferation of Nuclear Weapons (NPT).
The purpose and provisions of the NPT are outlined later in this
paper.

THE INTERNATIONAL ATOMIC ENERGY AGENCY (IAEA)

As stated earlier, the IAEA came into existence on July 29,
1957 as a member of the family of United Nations organizations.
Article II of the Agency's Statute sets forth its objectives as
follows:

"The Agency shall seek to accelerate and enlarge the
contribution of atomic energy to peace, health and prosperity
throughout the world. It shall ensure, so far as it is able, that
assistance provided by it or at its request or under its supervision
or control is not used in such a way as to further any military
purpose".

To-day, the IAEA has 109 Member States who meet annually in
what is known as the "General Conference". During each General
Conferenca a Board of Governors is elected which includes the members
most advanced in the nuclear field and members which represent the
interests of countries in all areas of the world. The Board of
Governors has the authority to carry out the functions of the Agency
in accordance with the provisions of the Statute.
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In pursuing its first objective to promote the peaceful
uses of atomic energy, the Agency has undertaken a wide spectrum
of activities including the very important function of expanding
the international exchange of information. With respect to nuclear
power, the Agency maintains a small expert staff which furnishes
advisory services to Member States on the economics of the use of
nuclear power and on criteria, codes and guides for the siting,
design and operation of nuclear power stations. Similarly, the
Agency promotes the use of isotopes in industry, agriculture and
medicine.

The second fundamental objective of the Agency is most
commonly known as its "safeguards" objective. Article III of the
Statute requires the Agency, inter alia, "To establish and administer
safeguards designed to ensure that special fissionable and other
materials, services, equipment,facilities and information made
available by the Agency or at its request or under its supervision
or control are not used in such a way as to further any military
purpose; and to apply safeguards, at the request of the parties to
any bilateral or multilateral arrangement, or at the request of a
State, to any of that State's activities in the field of atomic
energy". In 1961, the Agency adopted a system of safeguards for
research reactors. It extended this system in 1963 to power
reactors and, following two years of lengthy technical meetings it
adopted an expanded system which was applicable to nuclear facilities
generally and research and power reactors in particular. The 1965
system was outlined in a document entitled '! IN FORMATION CIRCULAR/66"
which was subsequently revi-sed in 1966 and again in 1968 to provide
more explicit guidance on the safeguarding of uranium conversion,
fabrication and reprocessing plants.

The Treaty on the Non-Proliferation of Nuclear Weapons which
was opened for signature in 1968 and which entered into force in 1970
added a new dimension to the safeguards role of the Agency because
of the more comprehensive obligations undertaken by States which
have ratified the Treaty. In 1970, the Agency's Board of Governors
established a special committee, the membership of which was open
to all IAEA Member States, to prepare a set of recommendations
governing the safeguards measures to be applied pursuant to the
provisions of the NPT. The committee met throughout 1970 and 1971
and submitted its recommendations in the form of a report entitled
"The Structure and Content of Agreements Between the Agency and
States Required in Connection with the Treaty on the Non-Prolifer-
ation of Nuclear Weapons" (INFCIRC/153).

The provisions of INFCIRC/153 are designed to take advantage
of the fact that all of the nuclear material in a state which has
ratified the NPT is subject to safeguards. Rather than being directed
at specific facilities, the safeguards measures implemented by the
Agency under INFCIRC/153 are applied at those stages of the entire
nuclear fuel cycle where nuclear material is in such a form as to
facilitate its diversion to the manufacture of nuclear explosive
devices. It is the task of the Agency's Department of Safeguards
and Inspection to implement these measures. The Department has a
total staff of about 140 persons of whom about one-half are university
trained and is divided into two divisions (the Operations Division
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and the Development Division). Inspectors in the Operations
Division evaluate design and operating information on nuclear
facilities subject to safeguards to ensure that they are fully
conversant with those aspects of importance to safeguards,review
accountability data and perform on-site surveillance and physical
inventory functions. The staff of the Development Division admin-
ister a comprehensive research and development program designed to
ensure the availability of effective procedures, equipment and
techniques which will enable the Agency to achieve its technical
objective of ensuring "the timely detection of diversion of
significant quantities of nuclear material from peaceful nuclear
activities to the manufacture of nuclear weapons or of other
nuclear explosive devices or for purposes unknown, and the deterrence
of such diversion by the risk of early detection".

4. THE TREATY ON THE NON-PROLIFERATION OF NUCLEAR WEAPONS (NPT)

The Treaty on the Non-Proliferation of Nuclear Weapons (NPT)
consists of a'set of comprehensive undertakings on the part of states
which ratify the Treaty. These undertakings may be summarized as
follows:

1) to achieve at the earliest possible date the cessation
of the nuclear arms race, to initiate effective measures
in the direction of nuclear disarmament, and eventually,
to negotiate a treaty on general and complete disarmament
"under strict and effective international control";

2) to co-operate in facilitating the application of IAEA
safeguards on peaceful nuclear activities;

3) to promote international cooperation in developing the
peaceful uses of nuclear energy, and particularly to help
developing countries in this regard; and

4) to afford all parties whatever benefits may be derived
from the peaceful uses of nuclear explosions.

Although the Treaty does not say so explicitly, it is
generally accepted that the obligation to achieve a cessation of the
nuclear arms race and general disarmament falls primarily upon those
parties to the Treaty that are "nuclear weapon states".

The second undertaking stated above, that is to facilitate
the application of IAEA safeguards on peaceful nuclear activities,
requires "non-nuclear weapon states"to accept safeguards, as set
forth in an agreement to be negotiate d concluded with the IAEA
on the basis of the previously mentio . ocument INFCIRC/153,
"for the exclusive purpose of preventing diversion of
nuclear energy from peaceful uses to nuclear weapons or other
nuclear explosive devices ". Nuclear weapon states are not
required to accept the application of IAEA safeguards on their
non-military programs. However, the United Kingdom and the United
States of America have agreed to accept such safeguards to counter
criticism that their nuclear power programs do not have to carry
the "burden" of international inspection.
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The undertaking to promote international cooperation
in the peaceful uses of nuclear energy is of course consistent
with one of the two fundamental objectives of the IAEA. Thus,
notwithstanding the efforts of individual states to assist
developing countries on a bilateral or multi-lateral basis, many
of the parties to the NPT are of the view that a collective effort
by all states could best be achieved by strengthening the IAEA's
existing and planned programs. At present, the tour IAEA programs
of particular relevance are:

1) technical assistance and other forms of technical
cooperation;

2) development of internationally accepted nuclear safety
criteria and standards;

3) consultancy services; and

4) information exchange, particularly by means of
conferences, symposia and document distribution.

The fourth undertaking, although seemingly part of the third,
is treated quite separately because of its special nature and in
view of the fact that many states such as Canada have made it clear
that they do not distinguish between a peaceful nuclear explosion
capability and a nuclear weapon capability. Four of the five
recognized nuclear weapon states are Members of the IAEA, three
have ratified the Treaty, two have not pursued any substantial
peaceful nuclear explosive program and only one is currently
pursuing a significant program. This suggests that there is at
least some doubt as to what are, in fact, the benefits to be
derived at present or in the near future from the peaceful uses of
nuclear explosions.

Since the NPT entered into-force in 1970, a majority of
IAEA Member States have ratified the Treaty and have concluded the
required safeguards agreements with the Agency. However, a
significant number of both industrialized and non-industrialized
states have elected not to ratify the Treaty thus placing a heavy
responsibility on countries which are major suppliers of nuclear
materials and equipment. Canadian Government policies have
traditionally placed us in the vanguard of safeguards applied by
nuclear suppliers. In December 1974, the Government announced
its decision to require additional, very stringent safeguards
measures in respect of the export of nuclear technology, facilities
and materials. To the extent that these safeguards requirements
go beyond the provisions of the NPT and of IAEA safeguards agree-
ments, a degree of bilateral verification is necessary. This
verification function is performed by AECB inspectors pursuant
to the terms of agreements entered into with importing countries.
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It is evident that Canada will continue to support

initiatives currently underway within the IAEA aimed at reducing
the risk of nuclear weapons proliferation. These initiatives
include efforts to achieve a wider acceptance of the NPT, the
development of improved safeguards measures, the strengthening
of the IAEA's Department of Safeguards and Inspection by means
of additional human and other resources and a number of related
activities such as the adoption of rigorous controls for the
physical protection of nuclear materials and facilities.
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SOURCES AND SUPPLY OF ENERGY

WITH SPECIFIC REFERENCE TO THE

CANADIAN SITUATION

The principal objective of this paper is to

provide an overview of the energy supply situation

in Canada. Not only are aspects of the near future

described but also those of the long term future.

It is obvious that decisions being taken now need

to be based on an adequate appreciation of the total

energy picture, otherwise the possibility of satis-

factorily meeting future Canadian energy requirements

will be jeopardized.

As an introduction the paper first outlines the

energy choices that nature has provided. It then

proceeds to give - on a world basis - present energy

utilization, prospects for the continuation of the

traditional sources of energy, and attractive directions

for meeting future energy needs.

At the present time the energy sources, available

from a technical and economic point of view and

capable of making an appreciable contribution to the

energy supplies of the world, are the fossil fuels

(natural gas, oil, coal), solar energy through

hydro-electric power, and uranium through the

fission process. Other sources of great potential

not presently making significant contributions owing

to a lack of technical/economic viability are the

oil sands and oil shales, fusion, and solar energy
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through heat absorption, biomass processes and

direct conversion to electricity. Two other sources

that have technical feasibility and approach economic

feasibility, but are of limited significance in the

total picture because of their geographical nature,

are geothermal and tidal pcvrer.

Finally, a readily available "resource," which

must rapidly be given great emphasis in coming years,

is conservation. Indeed, conservation - such as

more efficient use of energy - should be considered

first amongst the options available for closing the

supply-demand gap.

In 1975, the world consumption of energy

21
(referring to Table I and using units of 10 joules)

was 0.22. In the year 2000 the consumption will

likely be in the range of 0.47, with the accumulated

consumption during the intervening 25 years being 8.7.

TABLE I

The World Energy Consumption

(1021 joules)

World energy consumption in 1975 0.22) Accumulated
) Consumption
) 1975—>2000
)

World energy consumption in 2000 0.47) 8.7
)

Optimistic estimate of
average utilization per year
of renewable sources from
1975 to 2000 0.1 . . .2.5

Need for non-renewable sources from 1975-2000... 6.2
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An optimistic estimate of the annual

utilization of all forms of renewable energy

(solar, geothermal, tidal) that could be accomplished

on the average during these 25 years is 0.1, to

give it an accumulated contribution of 2.5. Approx-

imately 6.2 will still need to be provided by non-

renewable resources. Three questions, therefore,

are pertinent:

21

- From what sources will the world draw 6 x 10

joules prior to 2000 A.D?

- What sources will be available after 2000 A.D?

- Which sources should the world use after

2000 A.D?

Consideration of Table II shows that if present

energy use patterns continue, the requirement for
21

6.2 x 10 joules of non-renewable energy will

significantly deplete the probably recoverable world

reserves of natural gas and oil. Coal reserves, on

the other hand, will not be appreciably reauceri.

If the oil sands and oil shales can be developed,

the availability of oil would be somewhat extended.

This table also shows the great attractiveness -

from an energy potential point of view - of moving
238

toward the utilization of thorium and of the U

portion of natural uranium through their conversion

to fissionable atoms. Adaptation of the CANDU reactor

would appear to be the route for thorium conversion to

233 238
U, and the fast breeder reactor, the route for u

239
conversion to Pu. With allowance for conversion,
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the energy potential of the probably recoverable

reserves of uranium and thorium is considered to

be greater than that of all the fossil fuels

together. Fusion is indicated as a process with

essentially infinite potential since the total

supply of deuterium in the water of the world, even

though diffuse, is extremely large.

TABLE II

Recoverable World Reserves

(1021 joules)

Resource

Natural Gas

Oil

Oil Sands & Shale

Coal
I O C

Uranium (fission)
900

Uranium & Thorium
(conversion -
fission)

Deuterium & Lithium
(fusion)

1975
Use

0.05

0.095

-

0.07

0.000

Probably +
Recoverable

5.

6,

1.

31.

0,

66

11

,4

.3

.5*

,6

,8

it

Visionary +
Es timate

8

10

10

250

95

9500

11 ti

CO

Conservation significant potential

Solar (replenishable)0,005*
(TO CO

+ Data inferred principally from "World Energy
Conference Survey of Energy Resources" 1974

* Primarily hydraulic
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Finally, under stored fuel sources, mention

should be made of the control of demand, i.e.,

conservation. Indeed, conservation voluntarily

applied by society or forced by the fact that supply

simply does not exist, is of course the ultimate

means by which the supply-demand gap is closed.

It is important to conserve any form of non-renewable

energy, but Table II would suggest that preference

should be given to the conservation of natural gas

and oil.

Table II strongly encourages a shift downward

through the options. And such has been the judgment

of the world. Many countries have made commitments

toward an increased emphasis on coal and the installation

of nuclear (uranium) power. In the latter case,

recognition has also been given to the next step,

238
i.e., to the tremendous potential of utilizing U

in the fast breeder reactor as evidenced by the very

significant programs of the USSR, France, UK, USA

and West Germany. At the same time enormous

scientific efforts toward harnessing the fusion

process are in progress in the UK, Europe, USSR

and the USA. Even though thinking on their physical

design is presently taking place, fusion reactors

are definitely on the far horizon.
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The most appealing, but at the same time most

tantalizing, energy source is solar. It is appealing

because it is renewable and received by the earth, in

total, in extremely large quantities; moreover, it is

received universally - by underdeveloped as well as

developed nations. In addition, solar energy utilization

tends to be benign environmentally since in general any

solar energy that is utilized is energy that the bio- * •
4

sphere would likely have received in any event. Thus,

its utilization does not add heat to the biosphere in

the manner that the previously mentioned stored energies

in the ultimate analysis - do. Solar er.argy, is tanta-

lizing, however, by its diffuseness and, of course, by

its intermittent intensity, both factors leading to

relatively large capital costs in its utilization.

Many ask the question: Why does the world not use

solar energy? Obviously, this is not the right question,

rather, the question should be: Why does the world not

use more solar energy? Basically - although not fully

recorded in conventional energy accounting - more solar

energy is utilized by man than any other; for example,

in industries such as agriculture, forestry and fishing,

in space heating of accommodation (spring, summer and

fall) and in hydro-electric power. Nevertheless, not

utilizing more solar energy is difficult to accept

especially since - unlike the fusion case - the

technology is actually available. For years
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windmills and sailing ships harnessed wind energy

to the great benefit of man. Similarly, the direct

conversion of sunlight to electricity - the most

attractive phenomenon of all - is available in the

form of the proven technology of the light meter

and of the solar cell/ the latter a device that very

effectively harnesses solar energy for use in the

operation of satellites. Unfortunately, with the

exception of hydraulic power, solar energy utilizations

on a large scale are some distance from being economic,

and practical applications are found only in isolated

circumstances and usually on a relatively small scale.

Notwithstanding the above economic limitation,

the continued pursuit of solar energy with the goal

of greater utilization in the long term should be

prominent in research, development and demonstration

programs.

Another source, that is rather difficult to

classify, is the energy available from wastes, in-

cluding both the fuel content and the potential energy

conservation associated with the recycling of materials.

Although not capable of being of major importance,

energy from wastes can nevertheless be of significance

in the total energy picture. The many approaches

presently under consideration for the utilization of

wastes should be vigorously pursued, particularly in

view of the environmental benefit simultaneously

received.
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With present scientific and technical knowledge

and practice, the world acquires almost all its energy-

requirements from five sources, natural gas, oil, coal,

uranium and hydraulic power. A question arises whether

a new source, not presently known or discovered, could

suddenly enter the picture. Such a possibility cannot,

of course, be categorically rejected. However, in view

of the present knowledge of the resources of the world,

a new compound, with energy value comparable to a

fossil fuel, is not likely to be found. Natural

phenomena of the significance of fission will no doubt

continue on a rather rare basis to be discovered. It

can nonetheless be said with some conviction that should

a new phenomenon be found with capacity to impact on

the energy supply situation, the likely time period

in which it could make a significant contribution is

at least several decades after its discovery.

2
3
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Canada has been supplied by nature with energy

resources which could probably provide - with good

management - self-reliance in the foreseeable future.

The full range of traditional energy resources has

been available in adequate quantities in Canada during

the past 30 years, and will continue to be, with the

probable exception of oil, for the next 20 to 30 years.

To extend self-reliance beyond 30 years — a

relatively short interval in the world of energy -

research, development and demonstration programs with

adequate manpower and financial resources must be in

place. Programs of exploration and resource extraction

(natural gas, oil, coal, uranium), programs of

alternative utilization (coal), programs of increased

utilization (solar, advanced nuclear fuel cycles),

programs of new technologies (fusion), and finally,

but not of least importance, programs of increased

efficiency of utilization (conservation), all need

to be vigorously pursued in the near future to ensure

Canada's self-reliance in the long term.

The supply-requirement situation in the near

future for oil in Canada is summarized in Figures I

and II, based on data,respectively,from the National

Energy Board Report, "Canadian Oil Supply and Require-

ments" (September 1975) and the Energy, Mines and

Resources document, "An Energy Strategy for Canada:

Policies for Self-Reliance" (1976).
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DOMESTIC DEMAND* AND AVAILABILITY: OIL** ( h i g h - p r i c e s c e n a r i o )

Source: E.M.R., An Energy S t r a t e g y for Canada
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Projections obviously vary depending upon

assumptions made regarding aspects such as price,

growth in the economy, growth in the population,

exchange of markets amongst fuel sectors, impact of

conservation, etc. The NEB forecast assumed that

the prevailing prices will be sufficient to bring

the technically available, deliverable volumes on

stream, and notes that "a very substantial increase

in the price of crude oil or a major technological

breakthrough in tertiary recovery techniques can make

this forecast conservative." The two reports differ

in their assumptions on the rate at which developments

will take place in the oil sands, the EMR report being

considerably less optimistic on the number of plants

which will be brought into production by 1990.

In summary, no matter which reasonable set of

assumptions is chosen, the oil supply forecast indicates

a need during the next 15 years for very large quantities

of imported oil if anticipated requirements are to be

met. By 1985 it would appear that approximately one

million barrels of crude oil per day would be required,

costing - at the present price of $13.50 per barrel

delivered at Montreal - in the neighbourhood of $5 billion

annually of foreign exchange. It should be noted that

the NEB recently initiated a Hearing to reassess the

outlook for oil supply and requirements in Canada.
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Figures III and IV, based respectively on the

NEB report, "Canadian Annual Gas Supply and Require-

ments" (April 1975) and the above mentioned EMR

document, summarize in a similar manner the natural

gas supply-requirements situation. These projections

vary principally on the dates chosen as to the avail-

ability of frontier gas, EMR assuming dates two years

later than NEB.

In general, both references indicate that pro-

duction from established areas is insufficient to

supply domestic requirements and contracted exports,

and that the shortfall will continue until frontier

supplies are available. The reports also forecast that

by the mid to late eighties production from established

areas will be insufficient to satisfy even domestic

requirements. However, if the forecast supplies from

both the Mackenzie Valley/Beaufort Sea area and the

Arctic Islands are brought to market, there would

appear in the late eighties and early nineties a sizeable

quantity of natural gas, surplus to domestic requirements.

The surplus will not be sufficient, even if complete

freedom for substitution existed, to offset the crude

oil shortage concurrently anticipated. Indeed, measured

on an energy content basis the natural gas surplus can

only offset to the extent of approximately 50 per cent

the crude oil shortage.
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FIGURE IV
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DEMAND* AND AVAILABILITY: NATURAL OAS (hif-.h-prico s c e n a r i o )

Source : E.M.K., An Energy S t r a t e g y for Canada

5 000-,

4 500

000

3 500

3 000

2 500

2 000

1 500

I00C

1970 71 72 73 74 75 76 77 78 79 00 81 82 83 84 85 86 87 B8 d9 90

YEARS

*T)CMIUUHI shown i s the midpoint of the hif.li and low economic
growth cases



- 181 -

The NEB has indicated that it will be reviewing

in the Spring of 1977 the supply and deliverability

of natural gas within the context of the Mackenzie

Valley Pipeline Hearing. This review may lead to a

revision of the NEB forecast.

TABLE III

Coal Supply-Demand 1975 1980 1985 1990

Possible Coal Supply 27.7 44.9 80.5 118.1

Demand - High Price

High Growth 28.0 39.8 50.3 66.0

Table III, also based on the above mentioned

EMR report, provides the supply-demand situation for

coal. The report warns that the supply estimates

depend on the favourable resolution of a number of

issues which appear to have brought on an adoption

of a policy of restraint by the western producing

provinces with rcard to future coal developments.

Environmental impacts, manpower requirements and

rapidly rising capital investment requirements have

all become matters of considerable concern. The EMR

report implies that coal production can meet the

likely demand. The further suggestion that supply

could exceed demand to an extent that there would be

more than a threefold increase in coal production in

15 years may be very optimistic.
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The uranium supply situation is extremely good,

even though - ironically - there is a need to encourage

exploration. The 1974 Federal policy on uranium was

developed with two primary objectives. First, it was

to ensure at least a 30-year reserve of nuclear fuel

for all existing, committed and planned reactors in

Canada in any 10-year forward period. The present

Canadian reserves of uranium are sufficient to meet

this guideline for all reactors anticipated to be in

operation prior to the late 1980s, thus giving these

reactors an extremely high security of fuel supply.

On the other hand, to meet this guideline for those

reactors anticipated to be committed and constructed

in the early 1990s, additional uranium reserves will

need to be discovered during the next ton years. Thus

the desiribility of the immediate encouragement of

exploration. It should be recognized that the price

of this high security policy is presently unknown,

both in terms of the commitment of effort now for material

that may not be used for 40 years and the lost opportunity

cost of reduced level of exports which the guidelines

might impose.

The second primary objective of the Federal policy

is to have in place sufficient uranium production

capacity to permit the Canadian domestic power program

to reach its full potential. In other words, besides

having reserves in the ground, it is important to have

the capacity to extract the product. To facilitate the
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development of production capacity, the Federal

Government permits export sales of uranium, but will

do so only if the first of the objectives continues

to be met.

The policy will assist greatly in the dilemma

that arises from not knowing more than we presently do

about the ultimate uranium resources of Canada. By

encouraging exploration, the Federal policy will assist

in clarifying this unknown, thereby giving greater

assurance to the wisdom of exporting uranium.

In summary, present uranium reserves ensure an

adequate supply of fuel for the immediate future.

It is hoped that discoveries resulting from the present

high level of exploration activity will considerably

extend this secure supply situation. Of note is the

fact that an allowance for recycling of plutonium is

considered premature, thereby making the Federal

guidelines conservative.

Currently the annual growth up to 1990 of the

demand for electricity has been estimated from a high

growth case of approximately 7 per cent to a low growth

case of approximately 5.5 per cent. Constraint on the

ability to meet the demand is more likely to be due to

other factors than to lack of energy resources.

Uranium for nuclear power stations, as indicated

above, is adequate in reserves and is expected to be

adequate in supply; however, availability of capital,

as evidenced in the current Ontario Hydro expansion

program, is presently the restricting factor in meeting
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the anticipated electrical demand. Fuel for coal-

burning generating plants is also adequate in

reserves and probably in supply, but its cost

delivered to the station may be unacceptably high.

The environmental and social aspects associated with

the mining, transportation and burning of coal may

further discourage its utilization at an increased

level. Unused hydraulic power is available in Canada

to the extent that the contribution of hydro electricity

to energy supply technically could be increased from

the present 37,000 MW to approximately 75,000 MW.

However, in addition to meeting the capital financing

requirements of hydro-electric stations, complex social

and environmental issues would also need to be resolved.

At the present time it is premature to estimate

the contribution fusion could make to the Canadian

supply of energy, other than to say that any significant

contribution would probably not occur until at least

the end of the century. It is similarly premature

to suggest that geothermal might make any early

contribution. In respect of tidal power, early studies

have suggested that the Bay of Fundy has potential in

the range of 5000 MW. A federal-provincial feasibility

study, currently in progress, is expected to clearly

identify the technical, economic and environmental

aspects of tidal power development in the Bay of Fundy.
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What has already been indicated above on a

world basis concerning solar energy is also appropriate

to the Canadian situation. Like other countries

Canada receives abundant radiation from the sun and

benefits enormously from it. The ultimate objective

is to utilize solar energy to even a greater extent

than is done at present, particularly where it can be

substituted for stored energy forms such as natural

gas and oil.

Technically, the most straightforward approach

would be further development of hydro-electric power.

Another approach, which promises to be significant in

time, is the solar heating of residential accommodation

and of domestic hot water. Advancement of the technology,

it is hoped, will rapidly decrease costs and generally

improve the economics. Design optimization may require

a hybrid arrangement utilizing both conventional

electricity and solar energy in conjunction with a

heat storage capability. Recognition should always

be given to the fact that in residential accommodation

improved insulation and reduction of air infiltration,

both of which are required with solar space heating,

are major savers of energy no matter what the means

of heating.

Whether for economic, environmental or steward-

ship-of-resources reasons, energy conservation must

play an increasingly important role in the Canadian

scene. Unfortunately, there is probably no single



- 186 -

acceptable action that could accomplish the

desired amount of conservation. A successful program

will be the accumulation of many moves each of which

makes a small contribution - in some cases only over

a long period of time - to the overall objective.

Areas where significant improvement in efficiency

seems possible are transportation and the space con-

ditioning of commercial and residential accommodation.

The efficiency of the private automobile can be im-

proved to a considerable extent, principally, through

weight reduction. Energy savings can also be made by

increased use of efficient public transportation, both

urban and inter-urban. Space conditioning can be made

not only more effective but also more efficient by

improved design, construction, operation and maintenance.

District heating, where it can be introduced, should

provide significant energy savings over conventional

style heating. Careful attention should be given to

the possibility that an investment to conserve a unit

of energy might be much more sound than an investment

to supply a unit of energy.

( In conclusion, it can be said that the resources

available to Canada are sufficient to permit self-
t

•c reliance in the years ahead. However, in the author's
•J

opinion, to meet this objective several major

accomplishments - in addition to good management of

resources - will be necessary:
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(1) utilization of frontier natural gas

(2) further advancement of the nuclear

power program

(3) increased utilization of the energy

of coal

(4) serious efforts in energy conservation,

particularly in the direction of improved

efficiency of energy utilization, and

(5) adequate support for research, develop-

ment and demonstration toward not only

the above accomplishments but also the

greater utlization in the long term of

solar energy.
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I. INTRODUCTION

In generating electricity, nuclear power stations produce two

main by-products - waste heat and small quantities of radioactive

material. The radioactive materials produced weigh about seventy

times less than the uranium used to generate electricity. The only

observable effects nuclear power stations have on the surrounding

environment are from effluents containing waste heat and a very small

part of the radioactivity produced. The amount of radioactivity

released is normally less than 1 percent of the legally allowed

limits. (See Appendix A for a tabulation of releases). These

releases result in radiation exposures which are so small thay they

are essentially indistinguishable from natural background radiation.

All other effects of nuclear power stations are hypothesized as

resulting from \/ery unlikely events or accidents. Because these

hypothesized dangers from nuclear power stations have received con-

siderable attention, this paper contains a brief discussion of the

measures taken to protect the public.

The main objective of radioactive materials management,

whether in or out of the reactor, is to ensure that any effect on

public health is negligible.

A federally appointed regulatory body, the Atomic Energy

Control Board, together with technical staff and advisers ensures

that this objective is met. The AECB approves sites, permits con-

struction and allows fuel loading and operation only after it is

satisfied that the public is adequately protected. This has the

result that the health effects to the public from the operation of

nuclear reactors are less than that from the operation of
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other kinds of industrial plants of comparable economic importance.

Health effects from radioactivity and radiation are also

reviewed continually by the international Commission on Radiological

Protection (ICRP) and they recommend that radiation doses be kept

below certain levels if the effects are to be negligible. These

levels are well below the levels for "medically perceivable" symptoms.

Reactor designers and operators, however, add an additional safety

factor to the ICRP recommendations. The target during routine

operations is for radiation doses at nuclear power station boundaries

to be less than one one-hundredth of the ICRP recommendations and

only a small fraction of the dose received from natural and medical

sources. This is illustrated in Table 1 where the additional

radiation measured at the boundary of the Pickering Generating Station

for a typical year, 1974, is seen to be much less than from other

sources.

TABLE 1 RADIATION DOSES TO AVERAGE CANADIAN

Source

Natural background (150 m above sea level)
(Cosmic rays, natural radioactivity)

Diagnostic X-rays

Radiopharmaceuticals

Total

Additional dose due to

(i) increase in living altitude by 150 m

(ii) living continuously at Pickering boundary during
1974

Dose

(mrem/yr)*

102

72

1

175

3

2

*A mrem'is a measure of the biological effect of radiation.
Canadian law (based on ICRP recommendations) requires that doses
to members of the general public, excluding natural background
and medical exposures, do not exceed 500 mrem/year.
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Clearly the main objective, as defined earlier, is being

met during normal operation of a nuclear power station. The way in

which it is met during hypothesized emergencies will now be discussed.

2. REACTOR SAFETY PRINCIPLES

Nuclear power stations have built-in and intrinsic safety

features which minimize release of radioactive materials in emergencies.

The radioactivity is contained within physical barriers (or impedances)

which surround the preceding one completely. There are increasing

volumes between them to dilute any radioactivity that escapes.

The principle 1s basically similar to the ways in which nature protects

people from radium and other naturally occurring radioactivity.

High plant capital cost also provides a strong incentive to protect

nuclear plants from damage; this factor reinforces and supports the

measures taken to protect the public in emergencies. In this case,

economics and safety work in the same direction, producing a very

reliable plant which is nonetheless tolerant to failure, both physical

and tiiose due to human error.

2.1 Containment of Radioactivity by Physical Barriers

Canadian reactors use and will continue to use fuel with

low concentrations of fissile material. This precludes any possi-

bility whatsoever of a nuclear explosion occurring. The main

potential (hypothesized) hazard therefore lies in the radioactive
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by-products generated. These radioactive by-products are formed

within pellets of ceramic uranium dioxide fuel. One part in

seventy becomes radioactive and the radioactivity largely remains

embedded within the ceramic structure of the fuel pellets. These

pellets melt at very high temperatures and are corrosion resistant.

The pellets themselves, therefore, form the f i r s t barrier to the

escape of radioactive by-products. There are four other barriers

bui l t into the design of a nuclear station. These are summarized

in Table I I .

Table I I

BARRIER* TO CONTAIN RADIOACTIVITY

Barrier 1

Barrier 2

Barrier 3

Barrier 4

Barrier 5

Radioactive materials embedded in ceramic structure
of fuel pellets.

Fuel pellets encased in zirconium sheaths sealed
to vacuum technology standards.

The zirconium sheathed fuel placed within a system
of pipes and tubes, the primary heat transport
system, constructed to very high-quality standards.

The cooling system housed in a concrete containment
structure which assures that any releases of radio-
activity are at a very low level.

The containment surrounded by about a kilometre of
uninhabited area.

* Each barrier completely surrounds the preceding one when the fuel
is in-reactor.

The second barrier is provided by encasing the fuel pellets

in leak tight cylindrical sheaths of zirconium as shown in Figure 1.

The third barrier is provided by placing the zirconium sheathed fuel

within a cooling system of pipes and tubes. This system circulates
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the heavy water to cool the fuel. It in turn is surrounded by

the fourth barrier, a containment building. A cutaway of a typical

containment building for single unit power stations is shown in

Figure 2. The walls are made of prestressed concrete and are more

than a meter thick. The containment building is pressure tested

regularly to ensure that it is leaktight. The final barrier (or

impedance to the escape of radioactivity) is the exclusion area

where there can be no habitation, which extends for about a kilometer

around the containment building.

Each barrier attenuates the release, if any, of radioactive

material by large amounts. For example, radioactivity released

through the primary heat transport system (Barrier 3) would be

attenuated by a factor of about 1 million by the containment system.

Similarly, dilution and deposition in the uninhabited zone around

the nuclear station would reduce the concentration of any radio-

activity released through containment by factors of 100 to 1,000,

depending on atomospheric conditions.

2.2 Safety Principles

To complement the five barriers, certain additional

principles are followed in designing and operating nuclear power

plants in order to minimize the release of radioactive materials.

These principles are summarized in Table III.
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Table III

SAFETY PRINCIPLES

Level One

Level Two

Level Three

Design, construct and inspect primary cooling system
and all safety related systems to very high-quality
standards.

Provide systems to detect leaks in primary cooling
system and zirconium fuel sheating.

Provide safety systems to shut down the nuclear
reaction, maintain fuel cooling, and prevent release
of radioactive materials if emergencies occur.

Provide additional safety systems to attenuate*
radioactive material releases even if failures are
assumed to occur simultaneously in Levels One and
Two.

* Attenuate to an extent that members of the public at the station
boundary r:r<» not injured.

The first level assures that the system to cool the fuel,

the primary heat transfer system, is well made. (This is the third

barrier.) As long as this system is intact, the fuel will remain

cool and very little radioactivity can escape from it. Even though

this system is of very high quality, the designers hypothesize that

it might fail. This leads to the second level of safety which

provides special safety systems to shut the reactor down, maintain

fuel cooling and prevent radioactivity releases if an emergency occurs.

The third level provides an additional safety factor by

providing additional safety systems to attenuate radioactive

releases, assuming simultaneous failures in Levels One and Two. For

example, the designers assume that a big pipe might break (a

failure of Level One) together with failure of one of the special

safety systems (say one of the systems to shut the reactor down.)

This situation is extremely unlikely, but additional safety systems

are provided so that reliance is not put on any one system. The
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principle is basically to avoid putting all the eggs in one basket.

The reason for providing these levels of safety is to ensure

that the public is fully protected in the event of even highly

unlikely emergencies.

2.3 Safety Systems

Safety systems are designed to stop or contain the consequences

of accidents. Safety systems do not play the major role in accident

prevention. The major assurances that hypothesized events will not

occur is given by the measures taken in Level One to build the

primary system to very high standards and then inspect it in service.

The safety systems are listed in Table IV, together with

some process systems. The main function of the process systems is

to produce power. The safety systems are completely separate and

have the primary function of protecting the public in emergencies.

TABLE IV

PROCESS AND SAFETY SYSTEMS

Process Systems

Heat Transport System

Control System

Moderator System

Electrical Supply System

Fuel Handling System

Etc.

Safety System

Shutdown System No. 1

Shutdown System No. 2

Emergency Cooling System

Containment System

Safety systems incorporate duplicated or triplicated fail-

safe components. Failure of any one component cannot cause a
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failure of the system. Each component and subsystem is regularly

tested to make sure that everything is working properly.

The shutdown systems are capable of stopping the nuclear

reaction very quickly. The emergency cooling system keeps the

fuel cool if a big pipe is broken in the primary heat transport

system. The containment acts as a physical barrier between the

environment and radioactivity that may escape from the process

systems.

All safety systems are independent of each other, both in

principle of operation and in geometry. They can operate in very

severe environments; for example, in high temperature steam, during

earthquakes and so on. In addition, important process and safety

systems are built using principles of separation and independence

so that a single initiating event cannot cause a multiple failure.

This also makes it very difficult to sabotage nuclear

power stations since several simultaneous events have to be

initiated to breach the barriers and safety systems before radio-

activity can be released. Even in this case, the public risk would

generally not exceed the AECB limits for hypothesized accidents.

The capability of the safety systems is determined

primarily by very severe hypothesized events which have never

occurred in power reactors. The methods by which system response to

these hypothesized accidents is calculated is discussed in Appendix B.

For example, the shutdown systems are designed to accommodate the

most severe reactivity transient possible. This is calculated using

a combined analyses for reactor physics, thermohydraulics and
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fuel behaviour following a postulated large break in the primary

heat transport circuit.

Similarly, the containment system is designed for the

highest possible pressure, which would be the peak pressure from

the postulated large break at the cold end of the coolant circuit.

2.4 Comparative Risks

Safety is relative. In judging whether an activity is safe

enough we implicitly weigh risk and benefits. For example, we may

not go for a drive on icy roads because it's not safe, but we may

drive a sick child to hospital on the same road and consider the

risk worth taking. Because safety depends on so many personal

factors, it is difficult to discuss the risk involved in any new

undertaking without comparing it with everyday occurrences.

Nuclear power has been assessed in this way. Though

nuclear reactors have now existed for more than 30 years, there have

been so few emergencies and accidents that a true actuarial basis

for assessment does not exist. However, there have been emergencies

in Canada with research reactors and in other countries before the

present system of barriers and levels of safety evolved. World

experience is consistent with recent risk assessment studies of

the effects of possible emergencies.

Table V summarizes actual risk of accidental death due to

various causes compared to calculated risk due to nuclear accidents.

The numbers were derived for 100 nuclear power stations in operation

in the United States, but should be equally valid fcr Canada as

well. In the U.S., it is estimated that a person is 2,500 times
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more likely to die from lightning than from a nuclear accident when

100 nuclear power stations are operating.

TABLE V

RELATIVE RISK OF ACCIDENTAL DEATH

A person is
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The preceding suggest that the public risks from the operation

of a large number of nuclear plants are very small. The safety

record of the nuclear industry is consistent with this. In Canada,

the Chalk River Nuclear Laboratories have been in operation for

about 30 years, the Whiteshell Nuclear Research Establishment for

13 years, the Nuclear Power Demonstration Station for 14 Years,

Douglas Point for 9 years and Pickering for 5 years. There have

been several emergencies in this period. However, during this
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period not only have there been no fatalities due to radiation, but

also there has never been a single lost time accident due to

radiation in operating nuclear power stations in Canada.
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1 ZIRCAIOY BEARING PADS
2 ZIRCAIOY FUEL SHEATH
3 ZIRCALOY END SUPPORT PIATE
4 URANIUM DIOXIDE PEUETS
i INTER ELEMENT SPACERS
6 PRESSURE TUBE

Figure 1 37 Element Fuel Bundle
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1 MAIM STEAM SUPPLY PIPING
2 STEAM GENERATORS
3 MAIN PRIMARY SYSTEM PUMPS
A CALANDRIA ASSEMBLY
5 FEEDERS
6 FUEL CHANNEL ASSEMBLY
7 DOUSING WATEH SUPPLY

8 CRANE RAILS
9 FUELLING MACHINE

10 FUELLING MACHINE DOOR
11 CATENAHY
12 MODERATOR CIRCULATION SYSTEM
13 PIPE BRIDGE
14 StRVICE BUILDING

Figure 2 Reactor Building Cutaway (Single Unit Power Station)
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Appendix A: Tabulation of Releases from Pickering G. S.

The effluents discharged from nuclear power stations are

only a very small fraction of the regulatory limits. This is

illustrated by the actual releases shown in the tables below.

Gaseous Releases From Pickering Generating Station (1973 to 1975)

Noble Gases

Trit ium

Iodine 131

Percent

1973

1.80

0.33

0.025

of Permitted

1974

0.20

0.24

0.02

Limit

1975

0.22

0.20

0.0045

Liquid Releases From Pickering Generating Station (1973 to 1975)

Trit ium

Gross B.y

Percent of Permitted Limit

1973 1974 1975

0.04 0.09 0.064

0.30 0.29 0.10
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Appendix 13: Methods for Analysis of Hypothetical Reactor Accidents

As mentioned previously, the capability of safety related

systems, structures and components is determined primarily by wery

severe hypothesized events which have never occurred in power reactors.

The methodology followed is to analyse a wide spectrum of such

accidents to determine the maximum capability required. These

analyses usually require calculation of heat transfer and fuel

behaviour during the postulated accident.

For example, an accident which determines the design of

many systems, structures and components is a postulated break of a

large primary coolant pipe or component (resulting in a loss of

coolant accident, LOCA). In a LOCA, the primary coolant (water) would

flash and blow out of the break which, amongst other phenomena, would

cause heat transfer from the fuel to deteriorate until cooling could

be restored. Heat transfer and fluid flow during this postulated

accident must be analysed so that the temperature and pressure transients

to which the fuel is exposed may be calculated. This information in

turn may be used to calculate fuel behaviour during the transient.

This section briefly outlines methods which may be used to

calculate the flow, heat transfer and fuel behaviour transients.

Thermohydraulic Transients

Banerjee and Hancox (Bl) have reviewed methods developed in

Canada for analysing transients in water and steam-water flows. The

essence of the methods is to model the physical processes by a system

of partial differential equations which are based on the physical

principles of mass, momentum and energy conservation. These equations
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contain certain idealizations and assumptions which must be system-

atically checked by comparison with experiment. The assumptions are

always made in the direction which would result in higher calculated

fuel temperatures than experimentally observed.

Banerjee et al. (B2) have presented detailed comparisons of

analytical predictions and data taken in a series of carefully

controlled experiments. Banerjee and Hancox (Bl) have extended these

comparisons to more complex experiments which contain the essential

features of reactor primary cooling systems. Some results of the

comparisons made by Banerjee and Hancox (Bl) are presented here.

Experiments were done in the facility shown in Figure Bl.

The facility consisted of pumps, heaters, and heat exchangers

arranged in a "figure of eight" circuit typical of CANDU reactors.

Complete sets of experiments were done both with the pumps operating

and the pumps bypassed. Pressures, temperatures, coolant densities

and flow rates were measured at many locations in the circuit for

inlet header breaks of various sizes. The experimental results were

then compared with the analytical predictions. The analysis was not

adjusted in any way to fit the experimental results.

Figure B2 shows the results of sheath temperatures predicted

by the analysis (done with a computer code RODFLOW) compared with the

experimental data for a 50% break with the pumps bypassed. It is

seen that the experimentally observed sheath temperatures are lower

than the analytical predictions but are otherwise remarkably similar

in shape. This is because the analysis is based on mass, momentum

and energy conservation equations containing assumptions which would

always result in higher sheath temperatures than experimentally
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observed. This is further illustrated in Figure B3 where the maximum

sheath temperatures obtained in a large number of experiments with the

pumps operating is compared with analytical predictions. The size

of the break was varied during the experiments and the figure

summarizes the key measurement - the maximum sheath temperature

observed. It is evident that the analysis again predicts higher sheath

temperatures than observed in experiments, but is otherwise in

agreement.

Banerjee and Hancox (Bl) have discussed how the conservatism

in the predictions could be reduced by making more realistic assumptions,

The most important point, however, is that at present calculations

of sheath temperature in postulated accidents would predict higher

values than would actually occur. The calculations are therefore

conservative in the sense that the calculated transients would

require a higher capability of the safety systems than would actually

be required.

Fuel Behaviour in Transients

To predict fuel behaviour in transients a mathematical model

for heat transfer and stress-strain is required. Canadian work in

developing a multidimensional mathematical model for fuel behaviour

in transients has been described in detail by Banerjee et al. (B3).

The model has been extensively checked against tube deformation tests

under combined thermal and mechanical loads (done out-reactor), in-

reactor experiments on fuel deformation under power transients, and

out and in-reactor experiments on creep strain of fuel cladding.

The calculated deformation agrees well with experimental observations
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even for large plastic strains.

Figure B4 shows the comparison between the analytical

predictions (TEPSA code) and an out-reactor experiment for combined

thermal and mechanical loading of a thin-walled tube. The temperature

and internal pressure transients imposed on the tube is shown in the

top figure. The resulting radial displacement of the tube is shown

at the bottom. The agreement is good.

Figure B5 compares analytical predictions (computed strain)

with the experimental strain measured in an in-reactor experiment

with actual fuel. The power transient imposed is also shown. The

computed strain is seen to agree well with the test strain. I t

should be noted that the fuel deforms plastically in this experiment.

Similar results for in and out reactor creep strain are described in

the paper by Banerjee et al•

The main conclusion is that fuel deformation can be predicted

well using the analytical methods currently available.

Conclusion

Heat transfer and fuel behaviour appear to be well predicted

by the available methods for accident analysis. This conclusion is

based on comparisons of analytical predictions with a wide range of

experiments. Use of these methods in analysing postulated reactor

accidents would generally lead to a higher capability being required

of the safety systems than i f the accident actually occurred. This

is because of the conservative assumptions incorporated in the

analytical models.
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INTRODUCTION

Public concern over exposures of large numbers of people

to low levels of radiation arose first in connection with

radioactive fallout from nuclear weapon testing. More recently,

similar concern has been expressed over radiation exposures

that may rejsult from the increasing production of electricity

from nuclear fuels. Although substantially larger average

exposures of the population have for some time been received

from the medical uses of radiation, these have excited relative-

ly little comment. The reason is partly that few persons would

wish to forego the associated benefits, and partly because per-

sonal choice can be exercised in the matter. Nevertheless,

since even the smaller exposures to radiation from non-medical

sources can have harmful effects, it is reasonable to ask. whether

the public is sufficiently protected, and what level of protection

should indeed be regarded as adequate.

Prior to 1956, little information was available to tho

public concerning the magnitudes of the possible risks from

low levels of radiation. As a result, statements intended to

reassure, or to alarm, the public often appeared to contradict

one another even when based on the same data. The confusion

and mistrust which this provoked served mainly to heighten

emotions about the matter. Since that time, however, various

national and international agencies have produced reports for

the public, often with detailed scientific and technical

appendices, concerning the levels of radiation likely to be

encountered and the effects that might be expected to result
I
\ from such levels.
d

•I,

Thanks to these various reports, it is now possible for

interested members of the public to view the expected effects
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of radiation in some sort of perspective. In particular, the

importance of the effects may be compared with that of other

public health problems with which society has to deal in its

attempts to provide a favourable environment for people. One

drawback in the present situation, however, arises because the

sheer abundance of the relevant literature for the public is

in itself confusing.

For this reason it would be inappropriate to present here,

in any great detail, evidence that has already been reviewed

exhaustively in recent reports on the subject. (e.g. BEIR 1972,

UNSCEAR 1972, NEA 1976). Instead, such evidence, and its

limitations, will be summarized compactly and will be used as

a basis for discussion of the adequacy of radiation protection

standards for the public.
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B. SOURCES AND LEVELS OF EXPOSURE

Man is exposed to ionizing radiation, principally from

natural sources, but also from medical uses of radiation and

radioactive materials, and from fallout from nuclear weapon

testing. Some individuals receive further exposures as a

result of their occupations, and some relatively minor sources

of radiation, such as luminous watches and colour television,

add to the total dose received by the public. The generation

of electricity from nuclear energy will contribute both to the

dose received by the general public and also to exposures of

individuals in the course of their work.

The physical unit used to indicate the magnitude of an

absorbed dose is the "rad". However, since some kinds of

radiation are more effective in producing changes in living

organisms than are others, it is convenient here to employ an

alternative unit which takes into account the biological effective-

ness. This unit is the "rem". Thus, a rem of gamma radiation

has the same biological effect as a rem of neutrons, although

they are not physically equivalent.

The radiation received from natural sources amounts to

about l/10th of a rem, i.e. 100 millirem (or mrein) , each year.

The dose varies with altitude, latitude, the nature of the

underlying rock in a given area and, within the body, the nature

of the particular tissue. The radiation dose comes partly from

extraterrestrial or cosmic rays, partly from penetrating

radiation of terrestrial origin from outside the body, and

partly from naturally occurring radioactive forms of certain

of the elements present in the body (Table 1)•
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In addition, for some decades the populations of devel-

oped countries have been exposed to substantial amounts of

radiation as a result of medical practice. Most of this

exposure is incurred in the course of radiography for the

purpose of diagnosing disease (Table 2). A smaller part of

the medical contribution to the average population dose comes

from the use of radiation to treat cancer and other diseases.

And a very small additional part is incurred as a result of the

diagnostic and therapeutic uses of radioactive isotopes, in

what is known as "nuclear medicine". The average per capita

dose from medical practice varies with different countries,

and with different body tissues. However, medical exposures

in North America, give rise to an average increase of about

35 per cent (35 mrem/y) over and above natural background

radiation.

Fallout from nuclear weapons already exploded will result

in a radiation exposure of the population, summed over all

time, about equal to that from nature over a three year period

(Table 3). The generation most heavily exposed to this fallout

will receive an average additional dose of about 6 mrems per

year, i.e. a 6 per cent increase above natural background.

Occupational exposures, excluding those from the nuclear

industry, add only a further 0.3 mrem per year to the popula-

tion average, and a similar amount derives from miscellaneous

sources (Tables 4 and 5). Thus man has added roughly 40 mrem

per year to nature's 100 mrem per year.

Nuclear power generation currently contributes little to

the average radiation exposure of the population. However,

in the not too distant future when, in areas such as Ontario,

ons kilowatt of electricity per person is produced by nuclear
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stations, perhaps 6 mrem per year from this source may be added

to the average population exposure (Table 6). Roughly one

third of the 6 mrem average would be received via the popula-

tion at large and the remainder via occupationally exposed

persons.
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C. RISK ESTIMATION

Ionizing radiation may cause cancer in exposed individ-

uals and hereditary defects in their descendants. It is gen-

erally believed that even very low doses can produce occasional

effects of these kinds where large enough numbers of people

are exposed. The levels of risk associated with particular

doses have been estimated in various ways. The risk of cancer

induction is best determined from observations on irradiated

human populations. Genetic diseases, on the other hand, have

not been seen to increase in frequency in descendants of

irradiated people, and the risks of these must be inferred

indirectly from a combination of data on hereditary conditions

in experimentally irradiated animal and "unirradiated" human

populations.

As guides to decision making, the radiation risk estimates

alone are of limited value. Only when they can be compared

with corresponding estimates of risk associated with various

possible options do they assist in making an appropriate choice.

For this reason, the need for comparisons with alternative

risks will be emphasized.

Estimates of cancer risks have been based largely on data

obtained by following up a) the survivors of the atomic

bombings at Hiroshima and Nagasaki, and b) patients treated

by irradiation for an arthritic disease of the spine (ankylosing

spondylitis). In both cases the exposed groups received sub-

stantial exposures delivered at high dose rates; when pre-

dicting the risks following much lower exposures distributed

over much longer periods of time it is commonly assumed that

the numbers of induced cancers will vary in direct proportion

to the dose down to the lowest doses, and will be essentially

independent of any protraction of the dose in time. While this
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may not be true, the assumption is thought to be a cautious

one in that it is more likely to overestimate the true risk

than to underestimate it.

For convenience, the estimates of the cancer risks will

be expressed in terms of the numbers of cancers caused in a

population of a million people exposed to an average of one

rem, i.e. receiving a collective does of a million man rem.

It is estimated that such a population would experience, over

perhaps three decades, a total of 150 fatal cancers that would

not otherwise have occurred, and that there would be an

additional 100 cancers, mostly of the thyroid and skin, that

would be cured by surgery or other means (Table 7); the

lifetime risk of cancer death due to other causes is about

20 per cent. The date in Table 7 are of limited use for

predicting the risks arising from highly localized exposures,

as in the case of irradiation of the lungs and bronchial tubes

by radon gas and its daughter products in the course of uranium

mining. For further details concerning radon and lung cancer

see footnote 9 to table 7.)

Estimation of the genetic risks from radiation has proved

more difficult. Not only has no corresponding increase been

observed in the frequency of hereditary disease among descend-

ants of atom bomb survivors and irradiated patients, but it

is difficult also to detect, and measure the amount of, such

harm in descendants of irradiated mammals such as mice and

pigs. For this reason, indirect methods must be employed to

estimate the genetic risk in man. Thus, it is known that 100

rem of chronic irradiation in each generation will double the

natural frequency of hereditary coat-colour changes in mice,

and it is assumed that this same dose if delivered to people

in each generation would double the frequency of some hered-

itary diseases, including in particular those with severe mani-

festations that are inherited in a simple dominant fashion.
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On the basis of this reasoning it is concluded that perhaps 300

cases of serious hereditary disease might occur among descend-

ants of a million people as a result of exposure to an average

of one rem prior to reproduction (Tabel 8). Opinions on the

precise estimate vary, especially as relating to genetic

diseases that are not inherited in a simple dominant fashion.

As a result there is something like a five-fold uncertainty

in either direction.

On the above basis, exposure of a million people to

natural radiation over their lifetimes presumably results

in something like 1600 or so seriously-affected individuals.

This will include some with fatal cancer among the million

exposed people, and some with serious hereditary disease

among their descendants (Table 9). Medical uses of radiation,

and in particular diagnostic radiology, would account for the

majority of a further 600 or so such conditions arising as a

result of exposure to radiation from man-made sources. The

annual incidence in a population of a million people, of stable

size, would of course be less, i.e. something like 30 or 40 cases

per year.

At a time when nuclear energy will supply a kilowatt of

electrical power per person, a population of a million people

exposed from this source to an additonal 6 per cent of natural

background radiation might have a further two cases per year of

either fatal cancer or serious hereditary disease (Table 10).

As with other forms of power production, there will be fatal

occupational accidents and diseases which have nothing to do with

radiation; taking into account all aspects of the nuclear power

industry, these will amount to somewhat Less than one case per

year (Table 11 and 22).
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D. COMPARISONS WITH ALTERNATIVE RISKS

In general, other sorts of risks may be incurred, and

if so will need to be assessed, as a consequence of attempts

to avoid a radiation risk. These other sorts of risks would

result from using some alternative means of obtaining similar

benefits, or would be a consequence of making do with fewer

benefits.

Some examples will illustrate the point. Radiotherapy

for cancer is not always harmless, and chemotherapy or

surgery may be used instead. But each of these treatments

carries its own risks, and no one form of therapy is equally

effective against all forms of cancer. Thus the treatment of

choice will usually depend on a balance between effectiveness

and risks. All of these kinds of risks may be avoided, of

course, by doing without treatment, but the risk incurred as

a result of this lack of treatment would often be vastly

greater than that arising from the treatment.

The point may be pursued further. Sometimes the benefit

associated with the radiation exposures is of no great value,

as in the case of the X-ray machines once used for fitting

shoes; we are then better off without the supposed benefit.

In other circumstances it may seem that the mere application

of money could reduce the radiation risk. And, in fact, a

substantial reduction in the population dose from the medical

uses of radiation could be achieved if the older diagnostic

X-ray machines were replaced more rapidly with newer models.

This, however, might result in additional risks of another

kind if the necessary expenditure resulted in curtailment of

other health services.



- 225 -

Similar choices exist in relation to the production of

electricity by nuclear generating stations. For example,

coal could be used as the chief fuel, long into the future,

instead of uranium. A comparison of the risks from the two

sorts of fuels is therefore of special interest. There have

been a number of attempts to estimate the risks from coal

fired generating stations, including risks to the public and

to those employed in all stages of fuel production and use

(e.g. IAEA 1974, and Hamilton and Morris 1974).

Mining of the coal required to produce a given amount

of power causes more deaths than does the mining of the

much smaller amount of uranium needed to replace the coal

(Tables 13 and 13a). Because the coal is by far the more

; bulky fuel, the same may be said of its transportation, and

some of the transportation accidents will affect members of

the general public. The total estimated occupational risk,

per unit of electrical power produced, appears to be somewhat

less for coal but does not include fatalities from the

construction and operation of coal fired stations. Risks to

the general public may be greater from coal, however, and

conceivably much greater indeed if a pessimistic estimate is

accepted for the effects of such potentially poisonous wastes

' as sulphur dioxide, suspended particulates, polycyclic hydro-

I carbons, oxides of nitrogen, ozone and other secondary products
y

of combustion. It is unfortunate, for the purpose of decision

?: making, that more effort has not been devoted to assessing the

tf harm from the continued use of coal for power production.
;i

Oil and gas are safer fuels than coal, expecially if

one includes the risks associated with procurement and trans-

portation. However, because there fuels are likely to be in

\ increasingly short supply, they need not be considered here

as representing adequate future alternatives to uranium for

the purpose of generating electricity.
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The purpose of making such comparisons in the present

context has to do with the concept of "adequacy" when

speaking of standards of protection. Decisions as to what

constitutes an adequate level of protection are correctly

made by society, through political processes. These processes

are aiding by information on alternative risks, and or the

levels of safety that have been accepted in the past in order

to obtain comparable benefits, without pre-judging whether

the past levels were "adequate" or not.



- 227 -

E. SAFETY STANDARDS, AND RISKS VERSUS BENEFITS

The need for safety standards with respect to radiation

first became apparent when the early users of X-rays devel-

oped cancers which were a result of exposures that could have

been readily avoided. As with many chemical poisons, levels

of exposure an order or magnitude or so lower than those

observed to have harmful effects were for some time generally

regarded as safe. Such standards of safety are usually not

too difficult to achieve in practice, or to justify as

reasonable.

The problem of setting safety standards became more

complicated, however, when the idea was introduced that the

likelihood of producing a cancer or an hereditary defect

might be proportional to the dose. If this were true, no

dose of radiation, however small, could be regarded as totally

safe in the absolute sense. This concept is now commonly

applied not only to radiation but to cancer-producing chemicals

in the environment, of which there are many. With absolute

safety an illusive and unrealistic goal, not only with respect-

to radiation but with respect to most hazards, and now recog-

nized as such, the problem becomes one of deciding what con-

stitutes a reasonable level of safety.

In considering the whole problem of the acceptability of

risks, from radiation or anything else, value judgments are

necessarily involved, which are of a socio-economic rather than

a biological nature. For employees in some new industry, such

as the nuclear industry, it might be considered reasonable to

ensure that the standards compared favourably with those in

other industries. In average North American industry, the

chance of being killed or totally disabled (by losr> of two oyo.s
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or two limbs) in a lifetime of work is in the vicinity of O.!5

per cent. Higher standards of safety for employed persons are

clearly desirable if they can be achieved without serious hard-

ship to society, but this does represent a level that is at

least currently accepted by society as constituting for the most

part a tolerable compromise between benefit and risk. The

safety standards set for occupational exposures to radiation do

in fact attempt to ensure that overall safety, e,g, for those

employed in radiological clinics and in the nuclear industry,

will compare favourably with the levels of occupational safety

prevailing elsewhere.

Somewhat greater logical difficulty is encountered when

attempting to set safety standards for exposures of the public

to radiation, or in fact to pollution of the environment in

any form. Society as a whole may reconcile itself to accepting

some undesirable alteration of its environment as a necessary

price to be paid for the benefits of industrialization, but

individuals may argue strongly that to have no personal choice

in the matter is wrong in principle. For such people, the

fact that medical practice contributes far more to the average

radiation exposure of the population than does any other human

activity, is an irrelevancy because one can choose to avoid

medical exposures if one is willing to accept the consequences.

Nevertheless, many human activities do expose large populations

to pollution of various sorts. Thus risks to the public, from

an industry, pose no new problem of principle. The real

problem is that of balancing these risks against the associated

benefits to society.

For most industries, there are really two closely related

objectives. One is that of ensuring that the benefits to the

population exceed the risks; the other is that they do so by

- i
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as large an amount as possible. This is a matter of optimizing,

or of attempting to select for society the most favourable of

all possible options. For example, to reduce the radiation dose

to the population from nuclear power, society might choose:

a) to use an alternative fuel such as coal;

b) to restrict the use of electricity; or

c) to increase the extent to which radiation and

radioactive wastes are contained.

The risks associated with the first of these three choices

have already been examined and it is not clear whether uranium

or coal is the safer fuel. Furthermore the comparison was not

exhaustive. There are, for example, future ecological problems

to be considered when some of the larger coal reserves that lend

themselves to extensive open strip mining are tapped. These arc

perhaps comparable in nature, although not necessarily in

magnitude, to the problem of the management of tailings from

uranium mines.

Restriction of the use of electricity is advocated by some

as a means of limiting the risks from both coal smoke and

radiation. If this comes about it will represent a social and

political decision rather than one dictated by the biological

facts alone. To complicate matters, there is the tendency for

a vocal minority to demand greater safety while a silent

majority continues to purchase electricity in increasing quan-

tities, in spite of rising costs and discussion of pollution

and its effects.

What is apt to be lacking from the debate, in the case of

this second choice, is some objective assessment of the impor-

tance to society of maintaining various possible levels of
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electrical production. No risk-benefit comparison is possible

where the benefits, or needs, are not spelled out in the same

terms as the risks.

Since the need for an industry is usually expressed in

terms of economic benefits, the public may be inclined to view

eventual decisions on safety matters as based on a callous

balancing of human lives against dollars and cents. But this

misses the real point. Both human safety and the quality of

life are influenced in numerous ways by the degree of

prosperity. An example will serve to illustrate the point.

Literally hundreds of infants' lives have been saved annually

in Canada following an expensive decision to have universal

hospital insurance; and the effect has been greatest in those

areas which previously had unusually high infant death rates

because they were economically depressed and could not afford

good health care. The saving of lives is in many ways

dependent on the availability of money and resources. Thus,

insistence on safety standards, in any industry, which are so

high that they have a major adverse affect on the economy of

a community or a nation, could be self defeating.

The problem of interpreting the biological and medical

data on radiation risks, so as to set appropriate safety stand-

ards for the population as a whole, is thus one of optimizing

a situation in which there are opposing risks to people. Consid-

erable effort has been devoted to estimating the risks from

nuclear power production. What are now needed are estimates

in similar terms, of the risks from various degrees of

curtailment of the power production. It is unfortunate that

this complementary task is so difficult, and that it has,

perhaps for this reason, received so little attenion.

The third choice open to society likewise has economic
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overtones. If society wishes to lower the radiation exposures

from nuclear power production, it may choose to spend more money

(i.e. more of its resources) on containment of radiation and

radioactive materials. A balancing of costs and benefits is

again implied in any decision on the matter. Few attempts have

been made to reduce the subjective element in the balancing

process, by estimating both the costs and the benefits of addi-

tional containment. However, the special containment proposed

in recent design objectives for nuclear reactors in the United

States (Federal Register 1971) has been estimated to cost an

additional 1 to 10 million dollars for a 1000 MW(e) capacity

installation, and to result in a total reduction of the popu-

lation dose by perhaps as much as 5000 man rem over the life-

time of the reactor (Terrill 1972). In terms of the risk

estimates quoted here, one might thus predict a reduction in

the numbers of fatal cancers and serious hereditary diseases

of between 0.2 to 2 cases per million dollars spent on this

kind of safety. Taking the numbers at face value, this might

seem a reasonable return on the investment. As in other

contexts, however, a decision to adopt such standards implies

a judgment on the part of society concerning an appropriate

price to pay for saving (or prolonging) a human life or

avoiding a serious illness. Better estimates of the dose

reduction per unit cost are needed before much reliance can

be put on this approach to decision making with respect to

additional containment, but the nature of the question for

society will be apparent from the example.

Such judgments, concerning the expenditure of resources to

save life or avoid disease, are more common than is generally

realized. Usually they pass unnoticed because the monetary

cost and the amount of safety purchased are not equated with

each other. But when an analysis is attempted it becomes
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apparent that society's resources are better spent on some

kinds of safety than on other kinds. One related anomaly, of

special interest in the present context, has been pointed out

by Terrill (quoted above). Since by far the greatest part of

the population exposure to man-made radiation comes from

medical practice, and since many of the older X-ray machines

have shielding cones that are less efficient than those of newer

design, he points out that considerable reduction in the popu-

lation dose could be achieved, simply by changing the older

shielding cones. This would be much cheaper than changing

the whole machines. As compared with expenditures on further

containment of reactor wastes, he argues that this would

represent greater efficiency in the use of money for radiation

protection (at least while the older machines are still in

service) by a factor of some 1000 fold to 60,000 fold. The

example serves to exphasize a need to preserve a sense of

proportion when considering the costs of, and benefits from,

changes in safety standards.
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E. GAPS IN KNOWLEDGE — FUTURE RADIATION DOSES

Attempts to estimate future radiation doses tend to be

based on current practices, current trends in these practices,

and new practices envisaged for the future. For example, although

the frequency of diagnostic radiography may increase in the future

there has been a substantial downward trend in the extent of the

body dose from various radiographic examinations. Also of

interest in the present context are the trends in exposures

arising from the production of nuclear power.

Occupational exposures from the operation of nuclear reactors

have been taken in the NEA document as in the region of 2 man

rem per megawatt year of electrical power produced. There are

a number of reasons to believe that this may be too high a value,

and perhaps especially so in Canada.

One relevant trend is towards the use of larger reactors,

and these are known to produce more electrical power per unit

of occupational exposure. For a list of twenty nuclear power

stations given in a United Nations report (UNSCEAR 1972, p. 183)

these exposures declined by about five fold with increasing

reactor size, i.e. being 2.6 ± 0.7, 2.1 ± 0.3 and 0.6 + ̂  0.3

man-rem/MW year respectively for stations in the ranges 70-90,

150-300 and 500-1080 MW capacity.

For Canada, it is believed that an occupational exposure

of 0.3 man-rem/MW year is a reasonable objective for future

power stations of 1200 MW capacity, or some seven-fold lower

than the value of 2.0 used in the NEA document and quoted in

Table 6 (AECL 1976). Currently the figure for the larger

Canadian reactors stands at about 0.6 man-rem/MW year, i.e.

about three<-fold lower than the NEA figure. There are economic



- 234 -

incentives to develop technologies which might perhaps reduce

the exposure below the predicted future level. These incentives

arise because the total man-rem doses to the staff of a power

station will sometimes determine the numbers that have to he:

employed to ensure that no one is exposed beyond the legal limit.

Currently envisaged are such innovations as remote inspection

methods, routine decontamination washes of the cooling system

etc. Alternatively, the extensive use of organic cooled reactors

of the kind developed at Whiteshell Nuclear Research Establishment

could reduce the future occupational exposures from the reactor

operation to as little as 0.1 man-rem/MW year (AECL 1976).

The typical integrated exposure to populations in the vicin-

ity of nuclear generating stations and beyond (mainly from radio-

active gases) has been taken in the NEA document as 0.1 man-rem/

MW year, and so is less important than the occupational exposure

(NEA 1976, p. 29). The releases, however, are much lower for

pressurized water reactor? than for boiling water reactors, by

a factor of as much as 100 fold (UNSCEAR 1972, p. 105), although

the two are similar with respect to occupational exposures

(AECL 1976; see Table on statistics from U.S. light water reactors)

Since Canadian reactors resemble more closely the pressurized

water reactors, the above estimate for the integrated dose to

the population at large, as distinct from the occupational expo-

sure, may likewise be unduly high for present purposes.

The other major component in the average population dose

from nuclear power production, as estimated in the Nuclear

Energy Agency document, comes from the reprocessing of spent

fuel (Table 6). Because Canadian reactors currently burn

natural, unenriched, uranium fuel, the need for extensive

reprocessing can be substantially delayed in this country.
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Occupational exposures in the reprocessing plants v/ill

be mainly to external radiation, and are currently estimated

to be similar to those in nuclear power stations. It is not

possible to predict v/hat the state of the art will be in the

future when this kind of activity is undertaken on a substantial

scale in Canada. However, a strong financial incentive will

exist, as in the operation of reactors, to reduce as much as

possible the numbers of exposed workers and therefore the

integrated man-rem dose. Hopefully the estimate in Table 6,

which is based on current practice, may prove to be an over

estimate as applied at that future time. However, the circum-

stances will differ. Much of the past experience is presumably

based on the processing of relatively-lightly irradiated fuel

for the production of weapons-grade plutonium. For the future,,

the handling of heavily irradiated fuel from power reactors

may involve additional problems. Thus the reliability of

current estimates of the doses associated with fuel reprocessing

is still limited. Because of Canada's use of natural uranium,

experience in this matter will presumably come first from other

countries.
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F. GAPS IN KNOWLEDGE — CANCER RISKS

Although cancer induction by radiation has been studied

in great detail in small laboratory animals such as mice, the

results from these experiments are of limited use for the

purpose of obtaining quantitative estimates of radiation risks

in man. Much reliance has therefore had to be placed on the

limited information obtained from observations carried out on

the available irradiated human populations.

Since about one fifth of all people die of cancer* that

are not attributable to radiation, it becomes particularly

difficult to detect a carcinogenic effect of the radiation in

groups exposed to low doses. Moreover, for the same reason it

is virtually impossible to determine by direct observation

whether there is any safe level of exposure below which no

cancers at all are produced by the radiation. For this reason

it is regarded as prudent to assume for purposes of radiation

protection that the risk of radiation induced cancer varies in

direct proportion to dose, down to the lowest doses. The pos-

sibility exists, of course, that the efficienty of the radiation

might be greater at the lower doses. But most of the available

data at doses that can be studied indicate a probable mixture

of "1-hit" and "2-hit" effects; i.e. the effect increases with

dose at a rate greater than the dose but less than the square

of the dose. Only occasionally has a different relationship

been demonstrated at the lower doses. Thus, if the assumption

of linearity is wrong it is generally considered that the true

risk will have been over estimated rather than under estimated

as a result.

The irradiated human populations most suitable for study

have, furthermore, been exposed either to a single large dose

as in Hiroshima and Nagasaki, or to a limited number of indi-
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vidually substantial doses as in patients irradiated for

ankylosing spondylitis. Data from other populations have

been less useful. Thus it is quite passible that the same

total doses would have been less hazardous if delivered in

smaller amounts over longer periods of time, as suggested by

studies with animals. For purposes of radiation protection,

however, it is customary to assume that the risk is independent

of the rate at which a total dose is delivered.

Recently it has seemed more probable that only a part of

the induced cancers varies in direct proportion with the

radiation dose, and that another part varies as the square

of the dose. Also it seems likely that protraction of a

radiation exposure in time would reduce the frequency of this

second part of the response. If this view is correct, and

there is some evidence that it may be, the estimates presented

here could be higher than the true risks, perhaps by something

like a factor of three.
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G. GAPS IN KNOWLEDGE — HEREDITARY DISEASE

Failure to observe directly any increase in the frequency

of hereditary diseases among offspring from irradiated hurnans

has imposed a limitation on those who attempt to estimate the

genetic risks of radiation exposure. Similarly, studies with

laboratory mammals have provided only limited evidence of actual

harm in offspring from irradiated parents. Indeed, experiments

with populations of small mammals, heavily irradiated over many

generations, have yielded so little indication of any increased

disease, or lack of well-being, that this type of experiment

has largely ceased to be of interest to those geneticists who

study hereditary changes (for a review see Newcombe 1971). Thus,

an indirect approach to the problem of hereditary harm has had

to be employed.

The estimates of genetic risks presented here assume that

all of the known, serious, dominantly-inherited diseases of man

would increase over the generations to a new level, in direct

proportion to any sustained elevation of the mutation rate such

as would occur with exposure to any environmental mutagen,

including radiation. They also assume, with much less assur-

ance, that some substantial fraction of the irregularly inherited

diseases and congenital anomalies would do likewise.

The first of these assumptions may well be correct,

but the combined frequency most often quoted for the severe

dominant diseases is based on a survey which included common

conditions that are no longer regarded as dominantly inherited.

Until a revised estimate for the frequency of severe dominant

disease becomes available, and is generally accepted, it would

seem likely that there has been an over estimation of this part

of the risk, by perhaps something like three fold.
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The second of the two assumptions, i.e. that many of

the severe irregularly inherited diseases of man would also

increase similarly in frequency, is open to considerable doubt.

Although testable in lower animals, no evidence has been

produced in its support. If the assumption is wrong, two

thirds of the original estimate is removed; and considering

the two assumptions together, the true risk might be lower

than that estimated here by as much as tenfold. Alternatively,

theoretical arguments are occasionaly put forward to the

effect that the estimated risk neglects some forms of genetic

injury too subtle to be detected and measured by current

methods in either man or laboratory mammal. No strong reasons

have been advanced, however, to support this view in the

absence of direct evidence.
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H. THE DIRECTION OF THE UNCERTAINTIES

It might seem from the foregoing discussion that all of

the uncertainties with respect to the radiation risk estimates

fall in the one direction. This is, of course, not true. It

could be argued a) that radiation exposures will be higher in

the future than has been estimated, b) that low doses are rel-

atively more efficient in causing cancer than are higher doses,

and c) that non-specific forms of hereditary lack of fitness

may be induced by radiation and that these will be of greater

importance than the known genetic diseases. Each of these pos-

sibilities is in fact suggested from time to time. However, no

proponent of any one of these views has yet presented a reasoned

case that has convinced his colleagues.

Most of those who have been involved in the estimation of

radiation risks tend to feel that it would be more serious to

underestimate the hazards now, when practices and standards

are becoming established, than it would be to overestimate them.

Also, scientists are unlikely to overlook possible effects which

they believe to be real and feel can be demonstrated to be true.

It is presumably for this combination of reasons that uncertain-

ties in the risk estimates appear to be mainly in the one

direction.

If one accepts that the risk estimates given here may over-

estimate the true risk, it is still reasonable that they be used

as a basis for setting safety standards, provided that such stand-

ards can readily be met in practice. Only when these safety stand-

ards are unduly restrictive will serious problems arise. In such

circumstances, reassessment of both the biological risks and the

associated social benefits, in relation to each other, would be

needed in order to arrive at a better balance between the two.
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I. THE ROLE OF FOLLOW-UP STUDIES

Refinement in the setting of safety standards for the use

of a hazardous agent necessarily depends upon a quantitative

understanding of the hazard. If one wants to know just how

much trouble will be caused by exposing people to that agent,

the only satisfactory way to find out is by observing carefully

those who have already been exposed. Animal experiments may

alert us to poisonous effects, but rarely if ever do they esta-

blish conclusively for man the degree of risk (or the absence

of risk) associated with a given level of exposure. The point

is important because the public, while pressing for greater

safety, sometimes place obstacles in the way of obtaining the

human data on which better safety standards could be based.

Where cancer is the effect that is feared, a prolonged

period of follow-up is required because of the long period of

latency; and where the levels of exposure are low, large num-

bers of people will need to be followed if a possible effect

is to be detected. Epidemiologists have done this sort of

thing in the past, often on quite a small scale. But as society

becomes increasingly preoccupied with low levels of risk to

large numbers of people, the appropriate scale of study increases.

Special methods then become necessary, to minimize the clerical

labour and to maximize the use of any existing information on

the exposures and the ill health and deaths to individuals in

the study population. We are now entering an era when such

studies are becoming increasingly possible, due partly to

computers and partly to the centralization of personal medical

records associated with universal health insurance. Furthermore,

Canada is one of the best countries in which to carry out such

work because of the manner in which the systems of vital and

health records have been organized in this country.
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The chief difficulty arises because the public themselves

tend to be uneasy about possible loss of privacy if medical

data are used in this fashion, even under legislation guarding

confidentiality of all but the statistical products of the

work. Numerous official and semi-official bodies in this coun-

try and elsewhere have advocated measures that would facilitate,

under appropriate safeguards, such follow-up for the purpose

of identifying as yet undetected causes of ill health (MRCC

1968; NCHS 1968, 1970; OCH 1969, 1970; NRCC 1974; MCSD 1974;

AECL 1975). The political and social pressures that have

worked against the adoption of such measures are discussed

elsewhere (APHA 1972). Yet, failure to use available data

appropriately could result in a continuing inability to recog-

nize risks and to protect the public adequately. The dilemma

can be resolved, partly through better understanding of exist-

ing safeguards to privacy, and partly through the development

of new safeguards that will still permit individual follow-up

on the required scale. (For an example of the latter see

MRCC 1968, p. 79).

More specifically in the case of radiation, those who

are occupationally exposed already have their lifetime

exposures documented by law. If there is any possibility at

all that the cancer risks have been underestimated, these

people would constitute an obvious group for follow-up.

The pattern thus set could well prove applicable in other

industries.
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TABLE 1

RADIATION DOSES FROM NATURAL SOURCES,

(Adapted from NEA 1976, p 15-16; see also UNSCEAR 1972, p 83.)

Cosmic

External

Internal

TOTAL

terrestrial

(potassium 40)

(carbon 14)

(other)

Millirem per

germ
cells

33

44

19

1

8

28

105

bone
marrow

33

44

15

1

8

24

101

year

bone
cells

33

44

15

1

35

51

128

Notes
i

i

1

2 |

3

4

5
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NOTES TO TABLE 1.

1) The dose rate increases by 2% per 100 metres with

altitude above sea level, and by about 50% going

north from latitude 30° to latitude 70°.

2) Averages are variously quoted as 38 mrem/y for

Britain, 55 mrem/y for the U.S., and 44 mrem/y for

the world. Higher rates prevail locally where the

underlying rock is granitic, e.g. 100 mrem/y in

Aberdeen, Scotland, and the French Massif Central,

2 - 3 x normal in Colorado and South Dakota, and 10 x

normal in limited regions of South India and Brazil due

to the presence of monazite sand.

3) Potassium 40 is a natural radioactive isotope of

potassium and occurs in all tissues.

4) Carbon 14 is formed in the atmosphere by the action

of cosmic radiation and is present in all tissues.

The dose is rounded off in the Table and is closer

to 0.7 mrem/y.

5) This is due mainly to natural rubidium 87, polonium

210, radon 222 and 220, radium 226 and 228, and

uranium 238 and 234, and to a lesser extent to

thorium 230 and 232. The dose varies with the

underlying rock as in (a) above.
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TABLE 2

RADIATION DOSE PROM EXPOSURE TO MEDICAL PRACTICE.

(Adapted from NEA 1976, p 17-20; see also
UNSCEAR 1972, p 159-160.)

Diagnostic radiology

Radiotherapy

Nuclear medicine

Total (approx.)

Notes

Millirem

germ
cells
(U.K.)

14

5

0.2

19

(1.2)

per year

bone
marrow
(U.K.)

32

12

2

46

(2)

germ
cells
(other)

10-50

2-5

< 1
j

12-56

(1,3)
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NOTES TO TABLE 2

1) All doses to germ cells are weighted by the like-

lihoods of procreation after the exposure, co give

a "genetically significant" dose. For this reason

the average "genetically significant" dose is less

than the average whole body dose.

2) The figures for the United Kingdom are based on a

survey carried out during 1957-58.

3) The figures from other surveys represent approximate

ranges over various countries as reported in

UNSCEAR 1972. Nineteen of these surveys were reported

between the years 1960 and 1970.
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TABLE 3

TOTAL RADIATION DOSE OVER ALL TIME FROM NUCLEAR TESTS

PRIOR TO 1971.

(Adapted from NEA 1976, p 18; see also UNSCEAR 1972, p 3.)

Millirem total commitment Notes

germ bone bone
cells cells marrow

Northern hemisphere 170 260 220 1

Additional due to carbon 14 130 165 130 2

TOTAL 300 425 350 3
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NOTES TO TABLE 3

1) The corresponding figures for the Southern Hemisphere

are 120, 180, and 160 mrem for the three tissues.

The exposures are due mainly to a) external radiation

from cesium 137 in the environment, and b) internal

exposures to strontium 90 incorporated into bone and

cesium 137 in tissue.

2) The doses from carbon 14, formed during the fusion

process of the weapons tested, occur at a much lower

rate but extend over a much longer time, mainly beyond

the year 2000.

3) These totals are equivalent to approximately 3 years of

exposure to natural radiation. One third of the total

is from external exposure, one fifth from internal

exposure to strontium 90 and cesium 137, and the

remainder from carbon 14. The most heavily exposed

generation will receive approximately 6 mrem/y.
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i

TABLE 4

OCCUPATIONAL DOSES (NON-NUCLEAR) CONTRIBUTING

TO THE AVERAGE POPULATION DOSE

(From NEA 1976, p 19; see also UNSCEAR 1972,

p 173-184.)

OCCUPATION

Medical

Dental

Research &
Education

Industrial
(non-nuclear)

TOTAL

Workers
per
1000
population

0.62

0.56

0.25

0.11

1.54

X

X

X

X

Mean
dose
(rem/y)

0.32

0.08

0.15

0.31

Average
population
dose
(mrem/y)

= 0.20

= 0.05

= 0.04

= 0.03

0.32

(Based on data from 12 countries.)



- 259 -

TABLE 5

TOTAL ANNUAL DOSES FROM NATURAL AND MANMADE

RADIATION (EXCLUDING NUCLEAR ENERGY).

(From Tables 1-4 and NEA 1976, p 20.)

Average
population
dose

(mrem/y)

Notes

Nature 100

Medical 35

Fallout 6

Occupational 0.3

Miscellaneous 0.3

TOTAL (approx.) 140

1,2

3

4

5

6
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NOTES TO TABLE 5.

1) Genetically significant doses to the germ cells are

given throughout.

2) From Table 1.

3) From Table 2; approximate.

4) From Table 3. For the Northern Hemisphere, averaged

over the generation most heavily exposed.

5) From Table 4; excludes nuclear energy.

6) Includes luminous watches, colour television, ceramic;

containing uranium, flying in aircraft.

7) Total genetically significant dose.



TABLE 6

RADIATION DOSES FROM NUCLEAR POWER PRODUCTION

IN A POPULATION USING ONE KILOWATT PER PERSON.

(Adapted from NEA 1976, p 23-32.)

Stage

Uranium mining

Milling and processing

Reactor operation

Reprocessing

Other fuel steps

Transport

Accidents

Total (whole body)

Total (genet, signif.)

Whole body doses

(man-rem/MW(e) year)

popu- occupa- total
lation tional

-

-

0.1

1.35

-

0.005

0.05

1.5

1.5

0,1

<0.1

2.0

2.0

0.03

0.005

-

4.2

2.7

0.1

<0.1

2,1

3.35

0.03

0.01

0.05

5.7

4,2

Average
population
dose if
one KW(e)
used per
person

(mrem/y)

0.1

<0,l

2.1

3.35

0.03

0.01

0.05

5.7

4.2

Notes

1

2

3

4

5

6

ro
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NOTES TO TABLE 6.

1) This excludes local exposures of the lungs of miners to

radon and its daughter products, which would not be

meaningful if averaged over the whole body. (Fatal

occupational diseases and accidents are dealt with

separately in Table 10).

2) This excludes slight local exposures of hands and lungs.

The effects of these are dealt with in Table 10.

3) The dose to the population is largely external and due

to gaseous wastes; that to workers is mainly from exposure

to external penetrating radiation plus internal exposure

to tritium taken into the body.

4) A breakdown of the 1.35 man-rem/MW(e)y, to the general

population, is: 0.1 from liquid wastes, 0.25 from gaseous

wastes, and 2.0 from carbon 14 as total dose commitment

to the future (of which 0.05 is received in the first 30

years). The occupational dose is from activation and

fission products, and is mainly in the form of external

exposure to penetrating radiation.

5) The total fatal occupational accidents and diseases per

1000 MW(e)y, including those due to radiation exposure,

are estimated to equal 0.8. This figure includes: 0.4

from uranium mining, 0.1 from milling and processing,

^ 0.2 from reactor operation, 0.2 from fuel reprocessing,

Tj 0.003 from transport, and 0.25 from construction and

.<f' installation.

6) The genetically significant dose is less than the whole

body dose because it makes allowance for the probable

.i future fertility of an individual in view of his or her

age at the time of exposure.
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TABLE 7

RISK ESTIMATES FOR THE INDUCTION OF CANCER BY WHOLE

BODY IRRADIATION.

(Adapted from UNSCEAR .1972, p 9, BEIR 1972,

p 89, and NEA 1976, p 33-34.)

Kind of

cancer

OBSERVED

Leukaemia

Lung

Breast

Other

Thyroid (non fatal)

Total fatal

Non Fatal

Cases
per 106

man
rem

15 -

10 -

6 -

71 -

• 40

40

20

40

(40)

• 140

(40)

Not

1

2

3

4

5

6

FAVOURED ESTII4ATE

Total fatal

Non fatal

150 7

(100) 8
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NOTES TO TABLE 7.

The risk figures given in this Table are based mainly

on data from survivors of the atomic bombings at

Hiroshima and Nagasaki, and from patients irradiated

as a treatment for ankylosing spondylitis.

1) The leukaemias tend to occur most frequently

within a few years after the exposure, and the frequency 1

returns to normal after 25 years.

2) The increase starts about 15 years after irradiation and

continues to at least 25 years after.

3) The Hiroshima data suggest a risk of 6 to 20 cases per

million per rad in the first 25 years, but this is

thought to underestimate the total over a longer period.

4) This is a tentative estimate for the number appearing

after 25 years.

5) As with lung cancers, there is no certainty that the

incidence declines after 25 years.

6) Among the atom bomb survivors there were roughly 50-78

induced cancer deaths per 106 man rern, 5-25 years after

exposure. Among patients treated for ankylosing spondyl-

itis the corresponding figures were 92-165 cancer deaths

during the first 27 years.

7) The favoured cstimaLos allow for additional casori after

longer delays.

8) The favoured estimate here includes skin cancer.
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9) These figures are of little use of predicting the

risks of lung cancer arising from localized exposures

to radon gas and its daughter products, as in uranium

mining, because of difficulties in calculating the

doses to the tissues involved. Lung cancer risks

due to radon may be derived especially from epidemiol-

ogical data, using the known concentrations of radon

in air and the durations of the exposures. The radon

concentrations are expressed in terms of Working levels

(WL), when one WL corresponds to any combination of

short-lived radon daughter in 1 litre of air that will

result in the ultimate emission of 1.3 x 10 MeV of

potential alpha energy. An exposure of one Working

Level Month (WLM) is that received during 170 working

hours spent in a concentration of one Working Level.

One WLM is believed to be approximately equivalent

in risk to 5 rem to the lungs. (See BEIR 1972, pages

154, 155 and 216.)



TABLE 8

RISK ESTIMATION FOR THE INDUCTION OF HEREDITARY DISEASES

BY IRRADIATION OF GERM CELLS.

(Adapted from UNSCEAR 1972, p 7, BEIR 1972, p 57, and NEA 1976, p 34.)

Kind
of
hereditary
disease

Dominant

Chromosomal and recessive

Congenital malformations

Constitutional and degenerative

Total

Natural
incidence
per
100
liveborn

1

1

2.5

1.5

6

Cases
per
106

man
rent

100

-

200

300

Uncer-
tain-
ty

(J 3)

{* 10)

(* 55

Not

1

2

3

4

I

to
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NOTES TO TABLE 8.

1) Assuming 1 rem causes a 1 per cent increase in the

mutation rate of man, as it does in the mutation rate

of the mouse, this figure would be 100. The uncertainty

arises partly in extrapolating from mouse to man, and

partly because the natural incidence of serious dominant

disease in man has not been accurntely measured. About

1/5 of the cases arising over all time due to exposure

of a single generation (i.e. l/r> of the number tabulalccl)

would appear in the first post-irradiation generation.

2) Little, if any, increase in these diseases would be

expected.

3) No increase in these diseases has been observed in

laboratory mammals as a result of irradiation, and it

is not at all clear that any would be expected, hence

the high degree of uncertainty. If an increase did

occur, exceedingly few of the total additional cases

would appear in any single post-iiradiation generation.

4) Although the confidence limits on the total of 300 cases

per million man rem are wide, it is more likely that

the true number is less than 300 rather than more.



TABLE 9

CANCERS AND HEREDITARY DISEASES FROM NATURAL AND

MANMADE RADIATION (EXCLUDING NUCLEAR)

(Based on Tables 5-8)

Nature of exposures Relevant
dose

(mrem/y)

Kinds of effect

Cases per 10s people exposed
over a lifetime

Fatal
cancers

Hereditary
disease

Notes

to

oo

Natural radiation 100
Medical exposures 35
Fallout 6
Occupational (ex. nuclear) 0.3
Miscellaneous 0.3

750
260
45
2
2

900
300
50
3
3

1 and 2

TOTAL 1000 approx. 1200 approx.
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NOTES TO TABLE 9

1) Assuming, for the fatal cancers, 50 years of exposure,

an average latency of 20 years, and a natural life

expectancy of 70 years.

2) Assuming, for the hereditary effects, 30 years of

exposure, i.e. to the average time of parenthood.

3) Totals are rounded to avoid the appearance of a

precision they do not possess. Non-fatal cancers will

also occur and will be about 2/3 as frequent as the

fatal cancers.

The Table assumes also, as a crude approximation, that

medical exposures are distributer! more or less uniformly

throughout the lifespan.



TABLE 10

CANCERS AND HEREDITARY DISEASES FROM NUCLEAR ENERGY —

assuming 1 KW electrical production per person.

(Based on Tables 6-8, and NEA 1976, p 34-36.)

Kinds of effects Relevant
dose
averaged
over the
population

(mrem/y)

1.5

0.5J
4.2

Cases
per 106

people
per year
(i.e. per
1000
MW(e)y)

0.2

0.05

0.6
0.05

FATAL CANCERS

Population - whole body exposure
- krypton 85 betas to skin
- iodine 129 to thyroid

Occupational - whole body exposure
- radon to lungs in mines
- partial body, reactor

and reprocessing operations

HEREDITARY DISEASES

Population - whole body exposure

Occupational - whole body c -.posure

1.5

2.7

0.1

0.5

0.8

to

o

Total - fatal cancers

- hereditary diseases

1

1.3
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TABLE 11

FATAL OCCUPATIONAL ACCIDENTS AND DISEASES ASSOCIATED WITH

NUCLEAR POWE3 PRODUCTION — NOT INVOLVING RADIATION.

— assuming 1 KW electrical production per person.

(Based on NEA 1976, p 35-36.)

Fatalities due to Fatalities
per 106

people
per year
(i.e. per
1000
MW(e)y)

Notes

ACCIDENTS IN - construction

- mining

- milling

- transportation

- reactor operation

fuel reprocessing

OCCUPATIONAL DISEASE IN - mining

0.25

0.3

0.1

0.002

0.05

<0.05

1

2

Total fatalities (non radiation) 0.8
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NOTES TO TABLE 11.

1) This is based on a rate of 8 fatalities per year per

10,000 employed in heavy construction, and assumes

5000 man years to build a 1000 MW(e) reactor which

will last 20 to 25 years.

2) This assumes that 200 miners are involved in. deep

uranium mining, with a fatality rate of 15 per 10,000

per year, to supply fuel for a 1000 MW(e) nuclear

generating plant. (To the figure of 0.3 may be added

0.05 deaths from lung cancer, shown in Table 10, and

<0.05 fatalities from occupational diseases not due

to radiation, to make a total of nearly 0.4 fatalities

due to mining.)

3) Assumes a transport staff of 50, each driving 1000 km

per week, with a risk of fatality of 0.14 per million

km.

A) If one assumes, as in the U.S., a ratio of 88 and 70

disabling accidents for each accidental death in

construction work and mining respectively, there will

be 50 non fatal disabilities in addition to the 0.8

fatalities.
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TABLE 12

TOTAL FATALITIES AND GENETIC DISEASE FROM

NUCLEAR POWER GENERATION — in a population

of 106 people using one KV7(e) per person.

(Based on tables 10 and 11, and NEA 1976, p 36.)

Kinds of harm Cases per
year of
power
production

(approxr)

Fatal cancer - radiation induced

Genetic disease - radiation induced

Fatal accidents - non radiation

1.5

1

Total fatalities and genetic disease 3.5



TABLE 13

COMPARISON OF HARM FROM NUCLEAR VERSUS COAL GENERATION

OF ELECTRICAL POWER — in a population using one kilowatt per person.

(Based on Tables 10 and 11, and NEA 1976, p 38.)

Kinds of harm

Cases per year per 106 people

nuclear

0
u
c(3
U

±>
(3

U-i

0
•H
+3
0
cQJ

•

•H
O
U
(d

•H

4->
(0

nuclear
(total)

to
3 U

0)
H C
id a)
(0

coal

+
id

Notes

OCCUPATIONAL

Mining
Processing
Transportation
Construction
Burning and reprocessing

Total occupational

,05 -- .35
- .1
- .002
- .25
,8 .05

.4

. 1
-

. 2 5
1.6
2.4

I1-1 -l:.B
(?) \

1 • i. — J. . 8

1

2

GENERAL PUBLIC

Transportation
Burning and reprocessing

Total general public

.2 .5 .4 or 45

1 - 4 6

3
4
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NOTES TO TABLE 13.

1) The alternative values for coal represent two separate

estimates (Hamilton and Morris 1974, and Hubb and

Schlenker 1974).

2) Fatalities due to construction and operation of coal

fired stations are not given.

3) Fatalities among the general public due to transportation

of coal are estimated by Hubb and Schlenker 1974.

4) The two estimates for coal differ widely with respect

to deaths among the general public over an 80 km radius

from sulphur dioxide, suspended particulates, polycyclic

hydrocarbons, oxides of nitrogen, ozone and other

secondary products.

i

•J.
•I
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5) Since the publication of NEA 1976, three other reports

have compared in a similar fashion the risks from the

use of uranium versus coal for the production of elec-

trical power (Rose etal 1976, Comar and Sugan 1976, and

Burnett and Puddleford 1977). These later estimates

likewise imply that uranium is a safer fuel than coal,

but indicate a greater difference in the relative safety,

(See Table 13a.).
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TABLE 13a

FURTHER COMPARISONS OF HARM FROM NUCLEAR VERSUS COAL GENERATION

OF ELECTRICAL POWER — in a population using one kilowatt per person.

Reference

and

Population at risk

Annual Fatalities etc per 10

Uranium Coal

people* Ratio

Uranium/Coal

Lower higher lower higher lower higher

NEA 1976

occurpational
public
total

BURNETT AND PADDLEFORD 1976

occupational
public
total

ROSE ETAL 1976

occupational
public
total

COMAR AND SAGAN 1976

occupational
public
total

2.4 2.4
.7 .7

3.1 3.1

** **

1.1 1.8
1 46
2.1 48

** **

5

5

1
01
11

.5
-
.5

.86

.16
1.02

1
20
21

.5
1.6
2.1

1
100
101

5
111
116

1/15 1.5/1

1/9 1/15

1/202 1/42

1/1060 1/114

* Includes non-fatal genetic disease in the case of NEA 1976.

* * Values gives as "equivalent person-days of illness" rather than

as absolute numbers of fatalities. Fatalities resulting from

the use of the electricity, i.e. deaths due to shock and to

electric fires, are included and are equal for uranium and coal.

When these are removed, the difference between the two fuels

appears even more striking.
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NUCLEAR LIABILITY ACT AND
NUCLEAR INSURANCE

Nuclear Liability Act

Although Canada is not a party to any of the international conventions

on civil liability for nuclear damage, the "Nuclear Liability Act", a federal

law which governs civil liability for nuclear damage in Canada, incorporates

many of the basic principles of the international conventions. The Nuclear

Liability Act was enacLecl in June 1970, and proclaimed effective October 11,

1976. "Pending proclamation of the Act, all operators of nuclear reactors not

owned by the Government of Canada, and contractors, sub-contractors and suppliers

for such reactors, are indemnified by the Government against legal liability to

2
third parties arising from nuclear hazards."

Like the international conventions and the U.S. Price-Anderson Act , the

Nuclear Liability Act has two basic objectives. The first is to assure the

availability of funds to the public in the unlikely event of a serious nuclear

incident. The second is to remove a deterrent to participation by industry in

the1 development of miclivir rn<!r<jy.

1. Paris Convention (1960), Brussels Convention (1963)

2. "Legislation In Canada Respecting Civil Liability For Nuclear Damages"
by J.F.D. Maclsaac, Legal Advisor, AECB, September 1974.

3. U.S. federal law governing civil liability for nuclear damage.
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The highlights of the Nuclear Liability Act arc:

Liabilj ty of Operator - "an operator is, without proof of fault or negligenou,

absolutely liable for a breach of the duty imposed upon him by this Act...except

as otherwise provided by or pursuant to this Act, no person is liable for any

injury or damage attributable to a breach of the duty imposed upon an operator by

this Act."

The AECB under the authority of the Atomic Energy Control Act controls by a

comprehensive licensing system all atomic energy activities in Canada. Since;

under the Nuclear Liability Act, the operator i:; the person licensed to operate

a nuclear installation, the AECB designate:; through its licensing authority who

the operator will be.

Exceptions

There is no liability -

1) Where the incident is due to an "act of armed conflict in the course of war,

invasion or insurrection."

4

2) To the perr->n responsible for the "nuclear incident " i f the incident

"occurred wholly or partly as a result of an unlawful act or omission of

that person done or omitted to be done with intent to cause injury or damage."

Also, the operator is not liable for -

1) Damage to the nuclear installation at which the nuclear incident occur:; or

other property used in connection with it.

2) Damage, which occurs in the course of carriage of "nuclear material" ,

to the means of carriage or to the place where the material is stored.

4. "Nuclear Liability Act: - Section 2 (see Appendix)

5. "Nuclear Liability Act" - Section 2 (see Appendix)
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Duty of Operator

An operator is under duty to secure that no injury to any other person cc damage

to any property of any other person is occasioned as a result of the fissionable

or radioactive properties, or a coribination of any of those properties with toxic,

explosive or other hazardous properties, of

(a) nuclear material that is in the nuclear installation of which

he is the operator,

(b) nuclear material that, having boon in the nuclear installation

of which he is the operator, has not subsequently been in a nuclear

installation operated under lawfu] authority by any other person, or

(c) nuclear material that is in the course of carriage from outf.ic1'

Canada to the nuclear installation of which he is the operator or

is in a place of storage incidental to that carriage.

Right of Recourse

The operator has no right of recourse or indemnity against any person with

respect to his liability under the Act except a person who by an unlawful act or

omission intentionally causes a nuclear incident for which an operator would bo

liable under the Act.

Time Limit on Bringing Actions

Three years from the date on which the claimant knew or ought to have k .wn of

the injury or damage, but, in no case more than ten years from the date the cause

of action arose.

Insurance and Financial Responsibility

An operator must maintain $75,000,000. of insurance, with an approved insurer,

against the liabilities imposed on him by the Act for each "nuclear installation"

for which he is the operator. The required insurance is in two part -"basic"

6. Nuclear Act - Section 2 (sec Appendix) •
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and "supplementary". The basic amount is provided by the private insurance

industry. The supplementary is the difference between $75,000,000. and the basic-

insurance and is provided by the Government through a reinsurance*agreement with

the insurers.

The Atomic Energy Control Board (AECB), using criteria established by thorn

designates which installations are nuclear installations. Basically, a nuclear

installation would be:

1) all nuclear reactors

2) an installation that processes or reprocesses nuclear mateiial

3) a place where nuclear material it; stored, except storage incidental to

transportation.

Special Measures for Compensation

If damages resulting from a nuclear incident exceed or are likely to exceed

$75,000,000., the Act makes provision for Government intervention by the

establishment of a Claims Commission. If a Claims Commission is estahl i ,<;hed the

operator's liability to third parties ceaser,, bul the operator remain:; "liable to

the Government for payments up to the $75,000,000. of i iisur.iricc.

'ferri t ory

An operator is not liable for any injury or damage occasioned by incidents

occurring outside Canada unless the Governor in Council declares a country to be

a reciprocating country. (Currently, the U.S. is the only reciprocating country).

In summary, the AECB determines if an installation is a nuclear installation

and, through its licensing authority who the operator is. tinder the Nuclear

Liability Act, the operator is exclusively and absolutely liable for injury or

damage caused by a nuclear incident nt his installation, or from nuclear material

Mint is boiiiy shipped to or fioin his installation. The operator is required to

maiiil <i in $T>, 000,000. of insurance ag.iinst his liability above which a Nue.loar

Dam.uje Claim:; Commission would be established to assess compensation and pay claims

7. "Nuclear Liability Act" - Part 111 34-(2)
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Nuclear Insurance

The Nuclear Insurance Association of Canada (NIAC) was formed in June,

1958 and commenced operation January 1, 1959. NIAC administers two "Pools" or

groups of insurance companies where each member participates for a percentage

of the total limit on a net (no reinsurance) basis, one pool being for Physical

Damage Insurance, the other for Liability Insurance. The Pool approach is used

in al] countries to provide coverage for "nuclear" damage to property at a nuclear

facility and third party liability arising out of the operation of the facility.

Since each company only takes a percentage of Lliv. limit, the individual company

exposure to a catastrophe loss is obviated. Howovcr, by pooling their individual

percentages, significant capacity is accumulated.

The Pool provides property coverage for direct physical damage, including

contamination, and liability coverage required by the Nuclear Liability Act

under an "Operator's Form" and a coverage for suppliers to nuclear facilities

or transporters of nuclear material under a "Suppliers's and Transporter's Form"

(S & T) .

Under thr; Nuclear Liability Act, the Atomic Knergy Control Board recommends

to the Treasury Board the amount of insurance (b£isic) for each installation. Thi:

amount is then purchased by the operator of the installation with approved insurer:,

(NIAC). The difference between $75 Million and the basic is supplementary and

this supplementary insurance is reinsured by the Government under Section 16 of

the Act. The amount of "basic" insurance required depends on the exposure and

can range from $4 Million for a fuel fabricator to $75 Million for a power

; reactor.
if

The Operator's Policy provides coverage under two parts - A and B. Coverage A

capacity i;.; provided by NIAC (current maximum limit: $28.5 million, including

M A C $11 million, Nel-Pia $9 million, BI (AE) C $5.5 million and MAELU $3 million)

for"bodily injury" and "property damage" caused by a nuclear incident in Canada.
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Coverage li capacity i:; provided by the Government and is excess of the limit

provided under Coverage A up to $75 million as well as coverage up to $75 million

for any liability that the operator may have under the Act that is not covered

by Coverage A. For example, liability for damage from certain transportation

incidents which occur outside of Canada but in a reciprocating country. In this

case, Coverage B would provide $75 million of insurance. Therefore, through the

combination of Coverages A & B, the operator can provide $75 million of insurance

required by the Act for all nuclear installations;.

Coverage for a theoretical fuol fabricator ;md power reactor would be provided

under the Operator's Policy as follows:

Fuel }'c»bricator Power Kc.utnr
Bar.ic Insurance Required $ 4 Million $75 Million

Insurance under Coverage A 4 Million 28.5 Million

Insurance under Coverage B 71 Million 46.5 Million

(Supplementary)

NIAC will establish premium for Coverage A based on U.S. rating practice.

The Government will charge a premium of $100. for supplementary insurance under

Coverage B if the amount of basic insurance prescribed is within the capacity of

the insurers (refer to fuel fabrictor example). However, where the amount of basic

insurance is limited to the maximum amount available from the insurers (refer to

power reactor example) then the premium charged by the Government for Covcr.ujo H

will be the same as the premium payable to the private insurance market if the

additional insurance were available.

For those exposures not coverage by the Act, or the Operator's Form, and

which can Be insured, such as damage which occurs in the course of carriage of

nuclear material to the means of carriage or to the place of storage, coverage can

be provided under NIAC nuclear liability Supplier's and Transporter's Policy (S & T)
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A supplier of products or services to a nuclear facility or a carrier of

nuclear material could have an exposure not covered by the Act or Operator's

Form which can be insured under an S & T.

The S & T is available to any supplier or transporter who supplies or is

likely to supply materials to any nuclear installation in Canada or is likely to

transport nuclear material. Coverage under the S S T is designed to pay all sums

which the insured shall become legally obligated to pay as damages because of

p
bodily injury or property damage caused by the "nuclear energy hazard" . Current

capacity is §11 million.

Since liability coverage provided by NTAC is only, against, legal liability for

bodily injury or property damage due to the nuclear energy hazard, a normal liability

program (which would include coverage for "commercial" radioisotopes) must be

maintained together with the nuclear insurance program.

A&jir;iment.s to Conventional Policies (Nuclear Exclusions)

To obviate the possibility of the stock or mutual insurance companies: who

participate in the property or liability pools having a loss under one of their

conventional policies and a "pool" policy covering the same rick, nuclear exclusions

were made a part of the conventional property and liability policies when the pools

were formed. Therefore, if a risk qualified for Pool coverage, coverage under a

conventional property policy would not be possible and the exclusion in the

conventional liability policy would limit its coverage to conventional hazards

leaving the nuclear energy hazard coverage for the liability pools.

Workmen's Compensation

It was" originally, and still is, contemplated by NTAC that Workmen's Compens.il i 01

Insurance will be handled through the usual channels. For this reason the; N1AC

Liability Policy excludes any obligation for which the Insured may be held liable

under any Workmen's Compensation or similar law.

R. Src Appendix
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Conclusion

As the nuclear industry continues to grow, the many segments of the

insurance industry must continue to develop with it. If the insurance industry

responds in the future with full knowledge of the nuclear industry's continuing

fine safety records, as well as it has in the past with little or no such experience,

it should be an interesting opportunity for us all.
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Appendix

1) "nuclear incident" means an occurrence resulting in injury or damage that
is attributable to a breach of the duty imposed upon an operator by this Act.

2) "nuclear material" means -

(a) any materi a] (other than thorium or natural or depleted uranium un-
contaminated by significant quantities of fission products) that is
capable of releasing energy by a self-sustaining chain process of nuclear
fission.

(b) radiocative material produced in the production or utilization of
material referred to in paragraph (a), and

(c) material made radioactive by exposure to radiation consequential upon
or incidental to the production or utilization of material referred to
in pai^graph (a),

but does not include radioactive isotopes that are not combined, mixed or
associated with material referred to in paragraph (a);

3) "nuclear insta3.lat.ion" means a structure, establishment or place, or two or
more structures, establishments or places at a single location, coming within
any following description and designated as a nuclear installation for the
purpose of this Act by the Atomic Energy Control Board, namely:

(a) a structure containing nuclear material in such an arrangement that a
self-sustaining chain process of nuclear fission can be maintained
therein without an additional source of neutrons, including any such
structure that forms part of the equipment of a ship, aircraft or other
means of transportation;

(b) a factory or other establishment that processes or reprocesses nuclear
material; or

(c) a place in which nuclear material is stored other than incidentally to
the carriage of such material;

4. "nuclear energy hazard" means the radioactive, toxic, explosive or other
hazardous properties of prescribed substances.
"prescribed substances" mean uranium, thorium, plutonium, neptunium, their
respective derivatives and compounds, and any other substances that the Atomic-
Energy Control Board may, by regulation, designate as being capable of releasing
atomic energy, or as being requiste for the production, use or application of
atomic energy.
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Although my remarks today have, I notice, been labelled "CANDU's

Role in the Future Energy Picture", let me say right away that it is becoming

apparent to me, a newcomer to the nuclear scene, that unless we, as an industry,

are successful in doing certain things going well beyond our technical

responsibilities, CANDU may have difficulty in fulfilling its role in the

future energy picture.

I acknowledge that I am a newcomer. I am very much aware that,

compared with most of you here, I have Uttle experience of the nuclear

field. This has its hazards, but also offers certain advantages. It may

just be that what is needed at this point in the development of our industry

is a fresh pair of eyes to look at the situation. Let's assume this is so

and let me tell you what I, as a newcomer, see.

First, I see in the CANDU achievement a brilliant Canadian

success of the first magnitude. It is a success just bi_inning to receive

international recognition.

Second, I see the danger that the success may be reduced in

stature, may be tarnished, at a time when,' as never before, Canada needs the

kind of industrial confidence this success could bring.

Thirdly, I see a very real need for CANDU in the future of this

country and in the future of the world. This need presents us in the industry

with a unique opportunity; but it is one contingent upon our succeeding in a

number of other tasks. Even the opportunity is by no means automatically

ours.

Let me amplify on what I have said.
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First, the success of CANDU, la reaching its present (not

unenviable) position in the development of nuclear energy, Canada has had

the herculean task of doing not only the research and development necessary

to establish the technology unique to the CANDU system, but also developing

the necessary capabilities among Canadian manufacturers to produce all the

components of the system. In my mind, it is this second - largely unsung -

achievement which ranks the higher of the two. I do not want to minimize

the achievement of Canadian scientists. Canadians are recognized around the

world as being in the front rank of nuclear science. However, it is a long

step - as we all know - from a successful loop test in the NRX reactor to

mass producing high integrity CANDU fuel. And it is a much longer step

from a successful design of a nuclear core to the successful production and

assembly of core components and controls. But Canadians have done it and

have done it exceedingly well; and the credit goes to the highly effective

co-operative effort maintained b.etween industry, the utility and the laboratory.

Ve are all familiar, I am sure, with allegations about the

feebleness of Canada's secondary industry, the "branch plant" mentality, the

reluctance or the inability to innovate, the lack of aggressiveness in

foreign markets. Yet today we have young Canadian engineers who say "If

we can build a CANDU, we can build anything'." They are right - and it is

that spirit and confidence which we need to nurture in this country.

And, of course, the success goes beyond this. Pickering

Generating Station has demonstrated to the world that the CANDU system not

only works, but in many respects is a world leader. Pickering No. 2 has the

highest life-time capacity factor of any power reactor over 500 MW in operation

today and the station as a whole has produced more electricity in the relatively

short time it has been in operation than any other nuclear station in the world;

and this despite a long shut-down for both units 3 and 4 for modification of
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the rolled joints between pressure tubes and end fittings. Notice, by the way,

that the successful completion of this operation means that CANDU reactors

can be retubed at the end of their design life, thus extending their period

of usefulness.

Pickering, moreover, has shown a clear cost advantage over

comparable coal-fired stations. In 1975, Pickering produced electricity at a

total unit cost of 9.82 mills per kilowatt hour, which is less than the cost

for fuel alone of any of Ontario Hydro's coal fired generating stations

built at the same time.

If we look at the current cost of new coal for the Lambton

coal-fired station most closely comparable to Pickering, we find the fuelling

cost is about 12.7 mills per kilowatt hour, and this is expected to rise to

over 15 mills by 1978.

In the period 1973 to 1975 the Pickering station, using uranium

mined in the Province, saved Ontario consumers about 500 million dollars worth

of coal which would have been imported mainly from the United States. That's

quite a saving on the balance of payments - this year our trade balance is

expected to show a deficit of something in the order of 5 billion, largely

attributable to fossil fuel imports.

The Pickering Generating Station has alone, since its inception,

produced electrical energy equivalent to nearly 100 million barrels of oil.

This is the strongest of arguments for substitution of nuclear generated

electricity for oil wherever possible.

Now, let me come to my second point. This bright picture has

begun to fade and in some aspects the fading is serious. Anyone who pays

any attention to the media these days will be aware of widespread criticism

of nuclear power, of the way it is administered and of the decision-making

that has gone into bringing CANDU where it is today. Some of this criticism



comes from genuinely concerned people. A great deal of it is deliberate

distortion and scare-mongering. If you read the Weekend Magazine story a

few months ago entitled "Way Stations of the Apocalypse", or heard the CBC

radio program on October 20, "Nuclear Power - The Unforgiving Technology",

you will know what I mean. It is quite clear to anyone coming upon the current

scene that there is a deliberate and more or less effective movement to

discredit the CANDU system and its creators and to establish the belief

that nuclear power is "unsafe, uneconomical and unnecessary".

Now the question is, why should this be?

On examination and reflection one is forced to the conclusion

that what is happening in Canada is part of an increasingly coherent movement

the inspiration for which comes from people who are really opposed to further

growth along present lines. It is a movement mainly confined to the developed,

industrialized parts of the world. The basis of opposition to nuclear po^er,

unlike that of those who have genuine apprehensions about radiation and

waste management, is that it represents a very large sc rce of energy and

hence is an important means for perpetuating the existing way of life, which

these people see as undesirable. They are opposed to high concentrations of

economic power, supporting and supported by an energy-intensive, consumer-oriented

society. They are for a simpler, decentralized life in which small units of

.society would be self-sufficient in energy from renewable sources such as sun,

wind and biomass. In many respects it is a movement of "back to the land"

by an elitist group which has "had it all and doesn't want it". As urban

dwellers, all of us can feel a certain sympathy for their idealism - but not

for their realism.

Certainly wind, wave, tidal and solar power will have a place

in the energy future. Anyone who has taken stock of the energy situation

will know that to meet our projected needs, even at the low growth rates

advocated by those in favour of the so-called "soft technologies", we will
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have to aake use of every energy source available to us; but the fact is that

such technologies simply will not within this century meet more than a small

fraction of the demand, particularly in urban and industrial areas. One can

cite a specific example to illustrate the dimensions of the problem. Ontario

Hydro has, for instance, estimated that an area of 4300 square miles would

have to be dotted at regular intervals with large windmills in order to

provide the power of just one Pickering unit. The costs and environmental

impact of such an alternative are self-evident. Similar unacceptable calculations

stand as a barrier to the mass use of solar cells.

Given the beliefs and aims of the organizers of the anti-nuclear

movement, it is easy to see why criticism of the Canadian nuclear program is

often exaggerated, distorted and unfair. They would impose a low growth/no

grovth energy pattern that would deny to future generations the relative ease

and prosperity they themselves have enjoyed. Those of us who believe that much

of the present way of life is good and worth preserving and foresee chaos

and misery in what is being proposed as an alternative; those of us who believe

that energy availability has a vital part to play in maintaining the high

standard of living which Canadians have achieved and that only nuclear power

can supply that energy in the face of diminishing alternative sources have

a duty to present our case to the public. We have a duty to counteract

exaggeration and distortion with fact. We have a duty to help allay the

concerns about nuclear energy which misinformation has generated in the minds

of ordinary citizens. We have a duty to explain to the public the energy

situation as we know it to be.

I would go further. We have a duty as experienced engineers

and administrators to provide judgment and guidance for the society in which

we live, even though we will be branded as "vested interests". Public

participation is a new and welcome fact of today's political administration.

Energy decisions are increasingly being affected by pressure from public
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interest groups. Among such groups the anti-growth/anti-nuclear lobby is

prevalent and active. Unless we are equally active, there will be created

by default a misleading impression that the articulate opponents represent

popular opinion.

The CNA is embarking on a program of public education to make

more Canadians more knowledgeable about our energy options and the place of

nuclear power. This arises, of course, out of the findings of the CNA-sponsored

public attitude survey and it is indeed a desirable objective. We" can do much

with such a program, particularly if it is carefully directed, but there are

definite limitations - and there is also the danger that the existence of such

a program will cause the rest of us to sit back and watch. Nothing could be

less desirable at this point in time. It is going to take a concerted effort

on the part of all of us to raise the level of knowledge of an appreciable

numb-i of Canadians to a point where they could fairly be called well-informed

about nuclear power.

This brings me to my third point, the rea1 need for the kind of

energy CANDU can supply.

Barbara Ward, in the book "Home of Man", which she wrote in

preparation for the U.N. Habitat Conference in Vancouver last summer, notes

that the world's population was one half billion in 1500 A.D. It achieved

the billion mark in 1830, a little over 300 years later. The next billion

took only 100 years and the next only 30. Today, with approximately

4 billion inhabitants on earth, the last one billion addition took only 15

years, this population explosion, coupled with equally explosive demands for

energy, means quite simply that any and every form of energy will have to be

* exploited to meet the leap-frogging demand. That is the global picture and

I'll revert to it to discuss briefly a littler later the role of CANDU

internationally.
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On the domestic scane, similar growth rates are being recorded.

The Canadian population has roughly doubled in the last 30 years and will

almost certainly reach 50 million by the turn of the century. Even if we all

practice conservation, as we should and must, these extra millions are

going to need proportionate increments of additional energy to provide

warmth, light and jobs. For electricity alone the average annual increase

is about 7 per cent, pretty evenly across the country.

This very significant increase in population between.now and

the year 2000 is going to require significant increases in energy for heating,

for transportation and for industry. With our dwindling resources of oil

and natural gas, we will have to supply the energy for these purposes from

a mix of sources in which oil and gas are progressively replaced by other

sources within Canada, if we are to achieve national self-reliance in energy

production and avoid critical problems of balance of payments and possibly

of offshore availability. Conservation will play a part; but despite

statements to the contrary, conservation cannot give us the extra energy

we shall need; it can only stretch out the time frame in which new increments

will be required.

What are the prospects for CANDU? To get some estimate, we

must look at projected requirements for electricity; and for this we must

go to the projections made by the provincial utilities. We must also

recognize that projections are difficult to make with the shifting mix of

energy sources which will be required. For instance the gains from electrical

conservation measures will probably be offset by substitution of electricity

for other forms of energy in, for example, the case of space heating and some

. forms of transportation. Taking factors such as these into account and

reviewing as critically as possible the plans and projections of individual

utilities, we have arrived at a figure for new CANDU installations by the

year 2000 of approximately 104 units generating 83,000 megawatts of electricity.
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The data are reasonably firm up to the year 1990. They are for

instance in close agreement with the projection made to that date in "An

Energy Strategy for Canada", published last April by the Federal Department of

Energy, Mines and Resources. Between 1990 and 2000 there is a wider margin

of error and the 83,000 megawatts quoted above can be considered a "most

probable" value, given the constraints of the survey.

In business terms, our forecast means a domestic market amounting

to some $80 billion in the next quarter century. This market will exist with

reasonable certainty provided we can satisfy the public that the CANDU

system is safe and economical and is an essential component of the future

energy mix.

As for the export market, it is clear that Canada must export

manufactured products if it is to make job-creating use of its natural

endowments, not just progressively exhaust its storehouse of resources. It

is also clear that the volume of export of nuclear power systems could not,

given our limited resources of manpower and industrial capacity, provide in

Itself a majority contribution, although it can help. What is important about

the export of such systems is that they establish the credibility of Canada

as a supplier of advanced, high-technology products, with beneficial

spin-off throughout our industrial structure.

My experience in Europe during the first 25 post-war years

demonstrated to me that Canada lacked credibility as a supplier of high

technology. Europeans simply did not believe that Canada was capable of

anything more complicated than mining or making pap«*r. This situation is

now changing and is doing so at a time when Canada needs, as never before,

to succeed in the export market. We simply cannot go on exporting mainly

primary products, living gloriously on the proceeds and mortgaging our

patrimony to foreign investors to make up for periodic shortfalls. We need

to penetrate the export market with goods in which there is a high degree
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of Canadian labour and technology. That was the recurrent theme of Mr. Trudeau's

recent visits to Japan and to Europe. In this context, CANDU represents a

break-through; important enough in itself, but far more important in showing

what Canadians can do. The Made in Canada label on boilers (now the best in

the world), pumps, valves, heat exchangers, on electronic control systems

using microprocessors, on radiation instrumentation; all these cannot but

help open the door to the Canadian manufacturer overseas. If, in our present

situation, we throw away the opportunities presented by the high quality of

CANDU through uncertainly of purpose, we shall thoroughly deserve the bitter

consequences.

I have been speaking (intentionally) as though international

trade in nuclear power were like that of any other industry. I am confident

that some day it will be so considered; but I am acutely aware that by current

perceptions it is not. Certainly, Canada is in the forefront of nations

attempting to establish sensible controls which will allow the world to

benefit from the energy nuclear power can provide with minimum risk of

diversion for non-peaceful purposes. Slowly but surely u body of law

and practice is being forged which will permit both aims to be achieved.

Here again, efforts are hampered by a body of critics intent only on bringing

the development of nuclear power to a standstill, apparently indifferent to the

transformation in living standards it can help to achieve. And it is only

fair to say that events have seemed, superficially at least, to bear out the

fears of those opposed to the export of nuclear power systems on the grounds

that the spent fuel from these systems can be used for nuclear weapons. I

refer, of course, to India's explosion of a nuclear device.

In fact, it is far from axiomatic that a nuclear electric

generating station is a ready source of material for nuclear weapons. The

separation of plutonium from spent CANDU fuel is an intricate and expensive

process requiring sophisticated equipment. The operation of a CANDU reactor
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in such a way as to produce usable plutonium is hardly feasible and the

required irregularity of operation is easily detected. If a nation is

intent on producing a nuclear weapon, the power reactor route is the least

attractive by a wide margin. There are, unfortunately - let it be said -

less expensive and simpler ways to produce weapons material. It is significant,

in this respect, that India did not use the spent fuel from any of her three

power reactors (one from Canada and two from the U.S.) but chose the alternate

route of using a small research reactor supplied by Canada in 1956.

International safeguards against diversion are far more effective

today than in 1956, before the International Atomic Energy Agency was in

existence. As a potential supplier of nuclear power systems, this country is

nevertheless faced with some delicate decisions. A refusal to supply CANDU

systems to a country without significant sources of energy and with a need

for electricity forces Canada into the camp of those who would preserve

the status quo in which a few nations have a decided economic advantage over

the rest of the world. In fact, such a refusal would default on treaty

obligations which Canada and other nuclear "have" count es have assumed

toward the developing states. If we fail to live up to the bargain underlying

the Non-Proliferation Treaty, there is a real risk that the existing regime of

restraints and inspections will collapse; and that we would then have a much

more dangerous international situation.

On the other hand, in living up to her treaty obligation to supply

peaceful nuclear technology to developing states, Canada has every right to

insist upon the most rigorous safeguards possible against non-peaceful use

of this technology. In fact, Canada assumes an obligation in this case to

insure that such measures are effective and that safeguards agreements are

moreover susceptible to upgrading and updating as safeguards procedures become

more refined. This is the only positive course of action which can be taken.
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In summary, I see very great opportunities for the CANDU system

both at home and abroad. But I also see the way to these opportunities beset

with difficulties of a kind which to most of us are new'and unfamiliar.

To cope with these difficulties will require dedication, understanding,

willingness to listen and the avoidance of dogma. We must, above all, be

prepared to move with the times, even when the times seem "out of joint".

For ourselves and for our children and their children, the game will be worth

the candle.

* * * * *
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