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FOREWORD

During the last few years, the vehemence of the public debate in several
industrialized countries over the potential risks from nuclear power compared
with other energy sources has clearly demonstrated that this topic is widely
regarded as a vitally important issue; intensely held and opposing viewpoints
have been emerging in ways which make it one of our most highly contentious
present day problems. In response, many countries throughout the industrialized
world have embarked upon large, exhaustively detailed and very costly analyses
of the issues involved in nuclear and other energy risks.

How useful have such highly complex analyses been in forcing public opinion
and guiding government action over energy policy? The present Report is an
attempt to address certain aspects of this problem, in particular, to evaluate
the role and usefulness of major energy risk studies in societal opinion-forming
and decision-making processes. The present Report is thus nojt an assessment
of the scientific methods employed in such studies, nor an evaluation of the
technical accuracy of their results. Rather, it concentrates upon investigating
what levels of impact such studies have had in various sectors of society.

The Study itself forms part of the output from a much larger international
collaborative investigation initiated in 1980 by the Beijer Institute under the
title: "Evaluation of Major Swedish Energy Risk Assessments in an International
Perspective" and consisting of three parts:

1. A detailed study which attempts to evaluate the role
and utility of several of the major Swedish energy-risk
analyses in public and official opinion forming and in
affecting decision-making by the Government.

2. A set of four supporting national studies derived from
other countries and analysing for purposes of comparison
the respective situations in: FRG; the United Kingdom;
Canada and the United States of America.

3. A Comparative Synthesis of the material from all five
countries.

Of this Collaborative Investigation the Synthesis Report, which is reproduced
here, has been finalized by Dr Bengt Hansson on behalf of the International
Research Group involved in this project:

Professor James Dooley, Canada
Dr Bengt Hansson, Sweden
Professor Roger Kasperson, U.S.A.
Profesror Timothy O'Riordan, U.K.
Dr Herbert Paschen, FRG
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This Report summarizes and analyses the results from a set of five national
studies, each written by a member of the above Group. These national studies
have been published earlier (together with a set of Technical Annexes on the
Swedish situation).-

It is a great pleasure to acknowledge with warmest thanks all the work that has
been put into the preparation of both this Report and the five national studies
by the Research Group. We are also pleased to acknowledge the generous
financial support from the Swedish Energy Research Commission (Energiforsknings-
nämnden).

Lars- Kristoferson Gordon T. Goodman
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I. INTRODUCTION

1. The task

In 1979, the Swedish Energy Research and Development Commission (now the

Energy Research Commission) asked the International Institute'for Energy

and Human Ecology, the Bei.ier Institute, to look at a number of new re-

search possibilities in the general area of energy development and asso-

ciated environmental aspects. After prolonged discussion with international

experts in the field, the Beijer Institute compiled a report containing

several proposed research projects. The Commission e .pressed interest in

two of these, and it was agreed that the Institute should carry out a re-

search project called "Evaluation of major Swedish energy risk assessments

in an international perspective", which contained the essential parts of

the two proposals. The study was to focus on the influence of major risk

studies of energy generating systems in terms of enlightening the specialists,

informing public opinion, clarifying issues and choices for the politicians,

and influencing the design and operation of existing and proposed nuclear

plants.

The study was split up into a Swedish and an international part. The latter

consisted in turn of several national studies, with the aim to elucidate

how different countries approach the question of nuclear risk within their

particular 'style' of decision making and in the context of their national

energy policies. The research consisted of an examination of existing risk

studies and their .various societal impacts, and as these were prepared

for a variety of reasons in the respective countries, no uniform approach

was possible, but the national studies did provide data to the extent pos-

sible on the issues mentioned below, at the end of this section. This report



is the summary of that analysis: it is accompanied by the detailed national

studies, of which the Swedish one is in turn a summary of a number of more

specific research reports.

The word "risk", which plays such a central role in this study, is notorious

for its ambiguity. A conceptual clarification of "risk" is not undertaken

here, the concept being used in a rather broad, non-technical sense. However,

some broad distinctions need to be made:

Hazard is a physical circumstance with a potential for harm to life,

limb or property.

Risk is the possibility of the realisation (occurence) of a hazard

of a particular character (level). Thus, risk includes both the con-

sequence and the probability (or possibility) aspects of an acci-

dent.

Societal risk is the risk associated with a hazard which relates

to society generally or to a sizable sub-population, especially when

this risk is treated collectively, without specific regard to its

distribution in the population. A typical numerical measure would

be expected number of deaths following1an event.

Individual risk is the risk associated with that part of a hazard

which relates to a given individual. Typical measures would be ex-

pected monetary loss, or probability of death from a given cause.

In this report, the central concept of a "risk study" primarily relates

to societal risk as defined above, though inevitably such studies will

contain very detailed descriptions and appraisals of both hazards as such

and individual risks.

It should be stated at the outset that the purpose of this comparative

investigation was to evaluate the role and usefulness of energy risk studies

in societal opinion forming and political decision-making, not to judge

their scientific accuracy or technical qualities. The principle objectives

of the research were



(i) to look at the factors which led to the production of major enerqy

risk studies in the context of the continuing debate over the role

of nuclear power as part of a national energy strategy

(ii) to analyse the scope and boundaries of these studies and their com-

parability in this respect

(iii) to assess, where possible, the various ways in which these risk studies

were interpreted by designers, policy makers, the scientific community,

the regulators, the principle environmental groups, the media and

the informed public

(iv) to consider the extent to which such studies have helped to clarify

the nature and extent of the risks they set out to analyse

(v) to consider the extent to which such studies have narrowed the scien-

tific debate

(vi) to assess the degree to which such studies have actually influenced

safety measures and regulatory policy.

In Chapter II we analyse the political situations in which the risk studies

were commissioned, and in Chapter IV we discuss in a comparative way how

the risk problem has been approached against the background of public dis-

quiet over nuclear power and in relation to different political cultures.

It is in these two chapters that the main part of the answer to (i) is

to be found. Chapter III is in a similar way directed towards objective

(ii).

Objective (iii) and most <Jf (iv) can be grouped together into what can

be called the public dimension of nuclear risk studies, i.e. their effects

on society at large and on public attitude towards nuclear power in parti-

cular. Chapter VII summarises our findings on this outward looking dimension

of the stud.ies.

The other aspect of the risk studies is*their private or inward looking

dimension, i.e. their effects on the nuclear establishment itself. It is

treated in Chapter VI and covers objectives (v), (vi) and part of (iv).
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2. Research strategy

In terms of methodology the idea was to look at a number of major risk

studies, prepared in Sweden, the U.S. and West Germany so as to review the

comparability of the analyses and resulting conclusions and the similarity

or difference in the response through investigation of the subsequent poli-

tical debate and discussion in the media (primarily newspapers). It was

also hoped to trace the pathways along which particular conclusions emerged

from the original studies, translated into subsequent- analyses and trans-

ferred into actual safety measures and specific regulations, but in prac-

tice differing national laws of confidentiality and secrecy all but pre-

cluded this. It was also intended that each national collaborator would

interview a small number of officials, politicians, and representatives

of the principle environmental organizations to discover how these indi-

viduals viewed the value of major risk studies. To a greater or lesser

extent this was done, though in some cases the evidence was drawn from

documents, with interviews largely supplementary.

As for the choice of country, the emphasis clearly had to be on Sweden.

Logically the U.S. and U.K. were selected because of their contrasting styles

of government generally and regulatory practice in particular. The U.S. tends

to enjoy an open, adversarial style of government where most arguments

are fully documented and subject to public examination and judicial challenge,

whereas the British seek a far more consensual form of government based

on limited publication of documents, confidentiality and carefully conducted

consultation. While the Americans have a very precise regulatory style with

specific rules and regulations, the outcome of exhaustive public debate

and legal argument, the British prefer .a far more flexible approach based

on guidelines and targets to which the regulated industry is expected to

accomodate through reasoned discussion and a large degree of self-imposed

discipline." The U.S. and West Germany were also selected because of the enormous

investment both countries have made in major nuclear risk studies, though

the West German experience was also considered valuable because of the

importance there of judicial review, uncommon in most European countries,



and due to the particularly virulent public debäte about nuclear power

which shows no sign of abating.

Finally, a Canadian element was included because Canada operates its affairs

in a unique way that incorporates features of both the U.K. and the U.S.

approaches to government and safety regulation together with its noteworthy

approach to public involvement through its wide ranging special commission'

of inquiry.

In summary, the five countries were chosen because of their different policy-

making styles, their differing constitutions, and the various ways in which

nuclear energy is regarded as part of a present and future energy strategy

and hence the risks associated with civilian nuclear power are treated.

Table 1 illustrates these differences as applicable to energy.

Table 1. Contrasting Political Styles in the Five Sample Countries

1. Constitutional conventions
for policymaking

2. Policymaking 'style

3. Regulatory 'style

4. Main points of leverage by
anti-nuclear groups

a) polycentric government—no single
point of authority (US)

b) central government decisions sub-
ject to local government agree-
ment {S, WG (certain areas). C)

c) strong central government (UK)

a) open, accessible, accountable (S, US)
b) partly open, partly accessible,

partly accountable (WG, C)
c) closed, inaccessible, partly ac-

countable (UK)

a) formal, adversarial, open (US, WG)
b) partly formal, partly adversarial,
• partly open (C)
c) informal, cooperative, open (S)
d) informal, cooperative, largely

closed (UK)

a) electoral activity (S)
b) legislative activity (S, US, UK)
c) judicial activity (US, WG)
d) administrative activity (S, US, C)
e) public inquiry (US, UK, C)
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Although risk studies of nuclear electricity generation have received most

attention, the study has also paid attention to nuclear waste handling

and to comparative energy risk studies to the extent that available material

permits. The initial intention to cover risk studies applied to coal could,

unfortunately, not be carried out, partly because further splitting of

the research resources was felt to jeopardise the meaningful ness of the

comparative nuclear study, and partly because any result about existing

coal studies would quickly become outdated as several current studies ap-

proach their completion.



II. THE EMERGENCE OF THE COMPREHENSIVE NUCLEAR RISK STUDY

In this chapter we will discuss the factors, political and others, which

led to the production of major energy risk studies. While the emphasis

is thus on the development of the genre as such, it also becomes necessary

from time to time to touch slightly on the factual consent of the studies.

However, the main discussion of the organization, scope and results of

the selected studies takes place in Chapter III.

1. History

The most important forerunner to the comprehensive nuciear risk studies

of the 1970s is the study commonly known as kASH-740 fron: 1957. The offi-

cial title of the study was "Theoretical possibilities and consequences

of major accidents in large nuclear power plants", and its content a con-

sequence assessment aimed at defining the upper units of damage. It was

carried out at Brookhaven National Laboratory at the request of the U.S.

Atomic Energy Commission. The report reached two basic conclusions:

(1) It could not be proven that fission products would never be released

as a result of a major accident in a nuclear power plant, although

the probability of a large scale, release was believed to be extremely

low.*

(2) If "half of the fission products were released to the atmosphe."«:,

damages to the public would comprise lethal doses ranging from zero

to 3400 persons, depending on weather conditions prevailing at the

time of release.
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WASH-740 provided the basis for congressional approval of the so-called

Price-Anderson Act, which limited liability in a nuclear accident to $560

million and provided government subsidies of insurance premiums payed by

utilities. This act was an important prerequisite for commercial operation

of nuclear power plants in the U.S.

As the nuclear industry in the U.S. grew, the Price-Anderson Act needed

amendment and extension. The congressional Joint Committee on Atomic Energy

therefore requested the Atomic Energy Commission to arrange for an update

of WASH-740. The study was, however, never finished, though the completed

parts were published in 1973 as report WASH-1250, "The safety of nuclear

power reactors (light water-cooled) and related facilities". Although im-

provements had occured in the technology and appraisal of engineered safe-

guards, new reactors were much larger than those in prospect in 1957, fuel

cycles were longer, fission product inventories larger, and reactors were

located closer to population centres. The maximum possible consequences

were therefore substantially greater than those discussed in WASH-740.

The tirst study explicitly to advocate the abandonment of "maximum credible

accident" and related concepts and to support the need for a numerical esti-

mate of the probabilities for all types of accidents seems to be the Swedish

Close Siting Studys began in 1969 and published in 1974. The results were

presented in a series of two-dimensional diagrams, relating sizes of conse-

quences to frequencies of accidents. These diagrams reflected the same general

idea as those used later in the so-called Rasmussen study (WASH-1400),

though the curves are not smoothed, being drawn stepwise for different

categories of consequences, i.e. they had the shape of histograms.

The Rasmussen study (WASH-1400) is no doubt the most influential major

nuclear risk study and the standard of comparison for all similar studies.

Its aim was to produce numerical probability estimates for all types of nuclear

reactor accidents. A very detailed analysis of two reference reactors was

undertaken and the results were summarised in a series of graphs, relating

accident probabilities to the severity of the consequences.
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The Rasmussen report was criticised from many camps, but the criticism

was not so much directed either towards the aims of the study or the ge-

neral strategy employed, as towards over-confidence in the accuracy of

the numerical values which were calculated. An important part of the criti-

cism was that the executive summary did not properly reflect the contents

of the full report. As a result of the wide-spread criticism a special

panel was appointed to conduct a peer review of the Rasmussen study. The

report of the panel, the so-called Lewis report (1978), accepted the prin-

ciples upon which the Rasmussen methodology was based, but regarded these

more as promising for future research than as something sufficiently de-

veloped to yield reliable numerical values at present. In particular, the

weakness of some of the data bases, the inadequate treatment of common '

cause failures, and the insufficient attention paid to human errors were

items prominently criticised.

The WASH-1400 methodology was adopted in the first phase of the German

reactor study, a project comparable in scope to its American predecessor.

The aim of the German study was to assess the societal risks associated

with potential accidents in nuclear power plants of German make and under

typical German site conditions. On an aggregate level the probability of

a core-melt accident as estimated in the German 'study was close to the

WASH-1400 figures, but the distribution of risk over various types of core-

melt accidents showed greater variation. As for societal consequences,

the German study indicated somewhat fewer early fatalities per event, while

the number of late fatalities was considerably higher. This must, however,

be seen against the background of the higher population density in central

Europe. Another factor which hampers direct comparison is that the German

study applies a linear dose-response curve for low radiation doses, which

tends to increase the risk estimate. WASH-1400 reduced the received dose

by a factor of 0.2 for dose rates lower than 1 rem/day, which in practice

meant that the total consequence estimate was reduced by about 50%. The

report from the first phase of the German study was published in 1979.

A second phase, aiming at improving the methodology at some crucial points,

has just recently begun.



12

The accident at Three Mile Island naturally induced a number of risk studies.

Apart from detailed technical investigations, the so-cailed Kemeny report

of 1980 and the Swedish Reactor Safety Study of 1979 are of interest to

this study. The former was a report from a commission set up to conduct

an investigation of the accident from both technical and institutional

viewpoints. The latter was the report of an expert group charged with the

task of re-evaluating the work of all previous risk studies in the light

of the lessons learnt following the TMI accident.

The above-mentioned studies can be said to constitute what is so far the

main line of energy risk assessments, namely studies concerned with reactor

safety. A second line to be discerned is the one preoccupied with nuclear

wastes. The first comprehensive study of final storage of spent nuclear

wastes seems to be the Swedish Aka-study from 1976. It was the report of

a government committee and it judged safe storage of spent fuels to be

possible in principle, although it did not go into technical details. The

most important effect of the Aka-study was that it served as a basis for

a law, the so-called Stipulation Law, which required the owner of a nuclear

reactor to show how and where "an absolutely safe final storage' of the

waste could be found before any nuclear fuel was allowed to be loaded into

the reactor. The immediate response from the nuclear industry in Sweden was

to set up the so-called KBS project (from the initials in the Swedish word

for "nuclear fuel safety") to prove that the requirements of the law could

be. achieved. This project resulted in two reports, published in 1977 and

1978, one dealing with waste from reprocessing and one with direct deposi-

tion of spent fuel.

Although not a risk study in the conventional sense of the word, the hear-

ing held ir» 1979 by the state government of Lower Saxony into the proposed

integrated nuclear reprocessing and waste disposal centre in Gorleben,

West Germany, merits attention in this context. The project had met with

criticism, both within Germany and abroad, and a number of critically in-

clined foreign experts formed a body known as the "Gorleben International

Review". This group prepared a bulky report which served as a basis for

the hearing. The hearing was arranged as a series of rounds with an equal
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number of critics and "counter-critics" taking part in each. The transcripts

were published and also some summary reports, although none was endorsed

by both critics and counter-critics.

A third line of studies are also of interest, namely those concerned with

a comparison of different kinds of energy related risks. The comparison

can either be restricted to the risks associated with the different stages

of the nuclear fuel cycle, or it can compare the risks associated with

different kinds of energy production. More or less ambitious studies of

both characters have been produced in a number of countries; those dis-

cussed in this study apply to the energy comparison group, namely the Swed-

ish "Energy, Health, Environment" from 1977, and the report from a subgroup

of the Energy Commission (1978), and the Ontario Royal Commission on Elect-

ric Power Planning (1980/.

2. Reasons for the interest in comprehensive nuclear risk studies

Why has so much money and effort been invested into these different nuclear

risk studies? A full answer to this question would be beyond the scope

of this study to find one. First of all, there is of course the distinc-

tion between officially stated and openly admitted reasons and the hidden

hopes and ambitions of interested parties. But also when limited to the

open aspect, the question can be answered in different ways. The most di-

rect reason for asking a question is of course that one needs to know some-

thing, such as "what is the probability for a major nuclear accident?",

or "is it better from an environmental point of view to have nuclear re-

actors than coal-fired plants?". But, at a deeper level, one could also

answer by pointing out why one needed an answer to precisely these questions.

In this section we give only the stated purposes and some of the most ob-

vious political reasons behind. The relation between the emergence of major

risk studies and factors such as political culture, structure of nuclear

industry, and general energy policy will be discussed below, mainly in

Chapter IV.
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The driving force behind the early major American studies was a desire

to further the use of nuclear energy by reducing the uncertainties for

the utilities about their liabilities in case of reactor accidents. The

relevant question to which an answer was sought was therefore "how danger-

ous, in general terms, is nuclear power?". This question was also the im-

portant one for the Lewis panel, although in an indirect way, and to some

extent also for the Kemeny commission which was charged with investigating

the impact of the TMI accident on public health and safety. However, its

other duties, such as analysing the role of the managing utility and assess-

ing the emergency preparedness of the Nuclear Regulatory Commission and

other authorities, also reflect an interest in the question "how can we

make nuclear power safer, or safe enough?".

But even if such general questions were at the bottom of the major American

risk studies, a particular societal decision was needed to trigger them

off, namely the passing of the Price-Anderson Act.

A similar triggering proposal can also be found behind the first Swedish

risk study, the Close Siting Study. The were plans to erect a nuclear power

station very close to the centre of Stockholm, and one naturally wondered

whether such a siting would significantly increase the accident risk. The

committee was, however, not charged to make a recommendation for this par-

ticular case, but to make a general study of the relative importance of

the distance factor for the risks associated with nuclear reactor stations.

A second task was to compare the environmental effects of electricity genera-

tion between nuclear and oil-fired plants. In the political climate of

the time, this latter task was almost retorical: attitudes towards nuclear

power were favourable and its cleanness was regarded as one of its strongest

competitive advantages. Also the primary question, about the relative im-

portance of the remoteness of the siting, indicated that general acceptance

of nuclear power was more or less taken for granted, and that what needed

discussion were technical questions about the proper way to proceed. Perhaps

the relevant question in those days was "how far can we go with nuclear

power?".
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Only a few years later, the political climate began to change. In the terms

of reference to the Swedish Aka committee there were still some elements

of a general technical optimism, but basically the question was "it is

possible, isn't it?". The committee was to analyse technical, economic

and safety related problems connected with reprocessing, treatment, storing

and transportation of radioactive wastes. They were also required to find

suitable methods for the handling of radioactive wastes in Sweden, and

to study the possibility of erecting a reprocessing plant in Sweden. The

stated reason for this emphasis on Sweden was that one felt that in the

long run other countries would not be willing to take care of Swedish spent

fuel, an apprehension which is understandable only if one doesn't regard

nuclear wastes as completely unproblematic.

The Aka report of 1976 resulted in the Stipulation Law, according to which

the utilities were required to prove that an absolutely safe final deposit

for spent fuel could be found. The KBS project of 1977-78 was a private

enterprise by the Swedish nuclear industry with the sole purpose of proving

that the requirements of the Stipulation Law could be achieved. Although

there was certainly no doubt in the minds of the investigators, the circum-

stances were such that they forced an entirely defensive attitude on the

whole enterprise. The question to be answered was the pressing "is it at

all possible?". In the background there was the very real question of the

permissibility of loading two already completed nuclear reactors.

In the case of the two Swedish comparative studies, Energy, Health, Environ-

ment and the Energy Commission, the decision framework within which the

studies were attached did not demand urgency: a decision about a national

energy strategy was not required for a few y.ears. It was felt that the

two most important aspects of energy production were health and environment,

where the latter also included effects on land use. The two committees

were therefore charged to make a comparison of all feasible energy produc-

tion alternatives from the viewpoint of health and environment within the

limiting condition that Sweden's excessive dependence on foreign oil should

be reduced. The perspective is less concerned with nuclear power as such,

and the question to be answered is "how can we balance the goals of safety,
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clean environment, low price and a reasonable national self-sufficiency
in relation to energy production?"

The first phase of the German risk study took its departure from WASH-1400.

Its framework was basically accepted, and the question asked was "this

is all very well for the U.S., but does it apply to us?". Because there

are important points of difference between the plants used for reference

in WASH-1400 and the nuclear power plants erected in West Germany, and

because the population density in central Europe is higher than in the

U.S., i: was felt that a separate German study should be made which adapted

WASH-1400 to German conditions. In the second phase of the German study

one plans to deepen the analysis considerably. The shift is thus towards

more reliable knowledge in the same area, and not towards a widening of

the scope by bringing in societal and institutional mechanisms—a trend

that can be discerned in some other countries.

In the report of the Canadian Porter Commission, risk was not mentioned

in the terms of reference and yet it emerged as a major issue during public

hearings and its scope was extended beyond the scientific treatment. This

is a noteworthy example of the impact of the public on the structure and

results of a major study.

Apart from the specific political situations in which these studies were

commissioned, one needs also to bear in mind that they have been initiated

and completed in a wider context of growing public disillusionment over

nuclear power, hushed-up accidents and partial publicity of problems, fail-

ure of regulators to do a proper job, growing insight about military-civil

nuclear links, new technologies of conservation, internationalisation of

nuclear opposition, and different party political perspectives of nuclear

power; all factors varying in degree from country to country. Although

it is obvious that these factors combined have been very significant for

the emergence and development of the comprehensive nuclear risk study,

it has not been possible to pin down the impact of each factor on each

individual study.
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But apart from these background factors, it seems that there was, in most

cases, a very tangible political reason why the different risk studies

were initiated. They have as a rule achieved what they officially set out

to do, i.e. to analyse, assess or evaluate certain things. Though it cannot

be proven whether they also achieved the tacit aims of those who commissioned

them, it is unlikely that this was so. However, it is safe to say that

the risk studies have achieved a lot in a number of fields other than the •

political one, be these effects intent'ionai or not. It is these actual

effects which are the main concern of this study and.which are to be de-

scribed in the sequel.
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III. THE MAJOR NUCLEAR RISK STUDIES

Reference will be made to the five national studies (Cf. Chapter I, sect.

1), which are published separately.

1. The U.S. Experience

The first formal reactor risk assessment (WASH-740) was completed in the

U.S. in 1957. It was produced partly to meet the requirements of the Price-

Anderson Act of that year, which limited the liability of a utility in

the event of an accident and which therefore required some assessment of

possible damage sequences.

The act came up for extension in 1965 and once.again the Brookhaven Na-

tional Laboratory was asked to provide a risk assessment. This was a less

optimistic analysis that neither the nuclear industry nor the Congressional

Joint Committee on Atomic Energy (which favoured the industry) wished to

be made public, so its publication was suppressed until some six or seven

years later. But its ghost haunted the committee which faced another review

in the mid seventies. So in 1972 the Atomic Energy Commission asked Norman

Rasmussen, a professor of nuclear engineering at MIT, to conduct a thorough

and quantitative analysis of the safety of light water reactors. The purpose

of this study was to examine one typical pressurised water reactor (PWR)

and one typical boiling water reactor (BWR) to determine the most signi-

ficant sequences of events that could lead to an accident and to estimate

both the probability and consequences of each sequence. The consequences

were to include prompt fatalities, the induction of latent cancers, genetic

damage, and property damage.
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The resulting report, known variously as the Rasmussen Report, the Reactor

Safety Study, or WASH-1400, took four years to complete, involved 240 per-

son years of effort and cost $5 million. It set the style for the compre-

hensive risk study and appeared to accomplish exactly what was asked of

it, namely, it quantified nuclear risk. But because the report was prepared

to a period of intense anti-nuclear sentiment amongst the American public

and when 'counter establishment' scientific bodies were being funded by

philanthropic foundations to produce detailed critiques of mainline reports,

the Rasmussen Report was condemned as much as it was p.raised. Some of the

main objections were:

Experience of component part failure for some types of components

is too short to permit reliable forecasting of failure

The role of quality assurance in component manufacture was inade-

quately understood

Improper and incorrect statistical procedures were followed

Common mode failures (accident sequences arising out of a single

cause) were inadequately treated

The executive summary did not fairly reflect the arguments in the

report and thus gave senior executives a misleading impression

Human behavior in form of operator errors of judgment was not ade-

quately taken into account, but may be unquantifiable.

In the years that followed the appearance of the Rasmussen Report, relatively

Tittle use was actually made of its conclusions. Those uses which did occur

were primarily political rather than regulatory. Both industry and the

Nuclear Regulatory Commission widely cited results purporting that the

risks of nuelear energy had shown to be small. Yet, the Commission consistent-

ly refused.to use the results centrally in either regulatory or licencing

procedures."Even in reactor safety research, where the report had important

messages, few changes occured in existing programs. Three specific areas

of research needs—transients, small breaks in loss-of-coolant accidents,

and human errors—which were identified in the report were not pursued,

and all were subsequently central features of the 1979 accident at Three

Mile Island.
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The Rasmussen Report did not undergo adequate formal peer review before

it was finally endorsed by Congress amidst much controversy. As a result

of continuing criticism the U.S. Nuclear Regulatory Commission appointed

a special "balanced" panel to conduct a searching peer review of WASH-1400

in 1976. It appeared two years later in the form of the Lewis Report or

the Report of the Risk Assessment Review Group. It concurred with many

of the criticisms noted above, but did accept that the risk analysis metho-

dologies represented "an important advance" and should be developed more

widely. In January 1979 the NRC issued a statement endorsing the Lewis

Report and withdrawing any endorsement of the executive summary of WASH-

1400. At the same time, it instructed its staff that quantitative risk

assessment could be used in the licencing process and requested detailed

procedures to insure the proper and effective use of risk assessment theory,

methods, data development, and statistical analysis. In short, whereas

a substantial part of the criticism of WASH-1400 was sustained, the use

of formal risk assessment received a strong boost.

If WASH-1400 did nothing else, it helped to develop quantitative analysis

of nuclear risk—a methodology first advocated by Farmer in England a decade

earlier, and first put into practice by the Swedish Close Siting Study.

WASH-1400 also created the system of extensive peer review, of report

followed by independent supplementary scientific analyses. This approach

was to become commonplace in the comprehensive nuclear risk studies of

the late seventies.

The Three Mile Island accident resulted in no less than nine separate

studies (U.S. Study, page 3-5) of which the most important was the official

presidentially-appointed commission chaired,by John Kemeny. The Kemeny

Report differs from the Rasmussen and Lewis Reports in that it was not

confined to quantitative measures of risk, but analysed a particular acci-

dent event and hence commentated widely on the attitudes and the organi-

sational relationships relating to nuclear safety in the U.S. The U.S.

Study team1" conclusion is that in terms of its public dimension the Kemeny

Report had little or no impact: it appeared not to reassure, and possibly

to worry further, the general public. Though it did receive modest press
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coverage, this was nothing in comparison with the press analyses of the

accident itself.

2. The Swedish Experience

In 1968, the Electricity Supply Authority of Stockholm applied for per-

mission to erect a nuclear combined power and district heating plant at

a site located only a few kilometres from the centre of Stockholm. There

was no precedent of such a siting, neither in Sweden nor internationally.

When reviewing the project, the safety authorities decided that further

theoretical and empirical studies were needed before such a close siting

could be accepted. In 1969, a broad study of the problems involved in close

sitiny was commenced, involving collaboration between governmental authori-

ties and the utilities concerned. The task of the study was to analyse

both the economical and environmental justifications for such a close siting

and the safety problems connected with it = In early 1970, the study was

reorganised as a governmental committee.

After a short discussion of previously accepted'criteria for the construc-

tion and siting of nuclear power plants, including the concepts of maximum

credible accident (MCA), design basis accident (DBA) and maximum hypotheti-

cal accident (MHA), the committee argued that a more complete, quantitative

analysis was now needed. Three main reasons were mainly given: a cost-benefit

analysis of nuclear power is desirable and a numeral analysis is needed

for that purpose; thinking' in terms of DBA means that the properties of

the environment are neglected—in particular: atmospheric conditions and

habitation patterns, and it was the latter factor which was the focus of

interest for the committee; finally a detailed quantitative analysis could

also be a useful tool for the choice of optimal safety systems.

The Commission concluded that the distance factor is not excessively im-

portant, and at any rate less important than e.g. the release height and

the amount of released iodine. If a restricted zone with a radius of two
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kilometres was set up around the reactor, the worst possible accident would

only involve a few tens of fatalities, even if the reactor were sited only

five kilometres from the centre of the city. The risks could be very signi-

ficantly reduced if population centres were more than 40 kilometres away.

However, better iodine containment (e.g. through filters) and/or a higher

point of release for accidental discharges would have more safety relevance

than more distant siting.

The second Swedish nuclear risk study related not to .reactor safety but

to the technical, economic and safety related aspects of v/aste handling

in .general and reprocessing in particular. This was the Aka Study, published

in 1976. It was primarily a restatement and systematisation of existing

studies with very little in the way of new quantitative assessments. Because

the committee contained parliamentarians it was seen as an expression of

political will and its lack of specificity discouraged public debate.

The committee recommended that high active waste should be vitrified or

combined with ceramic materials, and incapsulated in waterproof containers,

to be stored in the primary rocks of Sweden. The committee emphasised that

they had devised the solution which used only existent technology, and

that considerable improvements could be expected before actual deposition

was required. However, it was pointed out that more basic data were needed

concerning the movements and composition of ground water at deep levels,

the solubility of the vitrified waste, the tendency of corrosion for various

incapsulating materials, and various sorption processes in the ceramic

materials. As these data were unavailable at the time a detailed risk ana-

lysis was impossible.

A comparative study of the risks associated with hydro, fossil fuel and

nuclear generating systems, called "Energy, Health, Environment" was pub-

lished in 1977. Again it was a parliamentary committee, again it was pri-

marily a compilation of existing reports, again it was largely qualitative

in its mode of analysis, and it made no attempt to develop any methodology

for integrating the total risk picture for each source of energy. Because
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another parliamentary study was initiated before the report was complete,

this document received very little publicity.

1976 was a dramatic year for nuclear power in Sweden. In May the Aka Com-

mittee published their report, which recommended the erection of a reprocess-

ing plant in Sweden, thus supporting the development of a nuclear industry.

In the general elections in September the same year, the nuclear issue

played a crucial role. The election resulted in the overthrow of the social

democratic government, and in the new coalition government the strongly

anti-nuclear Centre party became the most influential over energy policy.

So, for the first time, anti-nuclear forces played a dominant political

role in a western democracy. This is reflected in the so-called Stipulation

Law, which 'requires the owner of a nuclear reactor to prove that ultimate

disposal of used nuclear fuel and radioactive wastes can be made "absolutely

safe". In response to this law, the nuclear industry formed a project group

called KBS (from the Swedish initials for "Nuclear Fuel Safety"), charged

with the task of proving that the requirements of the Stipulation Law could

be satisfied. Within the project a large number of empirical studies were

performed, supplying some of the background data which the Aka Study pointed

out as necessary for a detailed risk analysis.

Not surprisfngly, the study concluded that the Stipulation Law requirement

could be satisfied. The actual content of the KBS Reports proved to be

of rather little interest in the general debate, and attention was focussed

on the political implications of the studies. The same day as the first

KBS Report was released, the nuclear industry made an application to start

the nuclear plant Ringhals thereby putting the government into a position

where it had to take a decision which would become precedential for the

whole nuclear programme.

The new government which took office in October 1976 was composed of three

parties with diverging views on energy in general and nuclear energy in

particular. In order not to endanger the possibility of a non-socialist

government, the energy issue was postponed, and the mechanism chosen for

this was the appointment of a special commission. The charge of the commis-
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si"on was to prepare a major decision concerning Sweden's future energy

policy. It was required that the commission should develop a number of

major policy alternatives, that it should analyse the risks, environmental

effects, effects on national security and costs associated with each of

these.

The commission appointed five subcommittees of technical experts with re- .

sponsibility for various aspects of the commission's task. It is the report

from subcommittee A, on safety and environment, which is of interest here.

As.in all studies of this kind, the subcommittee had problems with drawing

satisfactory boundaries around the energy production systems. Nevertheless

it made great efforts to make a systematic comparison of different energy

scources, initiating new studies where required. Despite its inevitable

shortcomings, the report probably gave the most complete and the best inte-

grated picture available at the timo.

In the Energy Commission itself, opinions about the report from the sub-

committee were divided. The majority, 10 out of 15 members, belitved that

the risks which undoubtedly are associated with nuclear power were accept-

able compared to available alternatives and the'social utility of the acti-

vity. A minority of five held tha* the report of the subcommittee did not

sustain such a conclusion. The press coverage of the Energy Commission

focussed mainly on the antagonism within the Commission and the factual

content was again largely ignored.

After the Three Mile Island incident the Swedish government established

a new committee of highly qualified scientists tc look once again into

all risks associated with nuclear power and to analyse what measures should

be undertaken to improve safety in Swedish nuclear power plants. While

that committee accepted much of the previous nuclear risk work done by

Swedish and foreign groups, it did have reservations regarding the low

probabilities applied to really severe accidents and believed that safety

measures should be tightened because such accidents were credible. In par-

ticular, the committee explicitly rebuked the majority of the Energy Com-
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mission for 1 eir light-hearted treatment of the safety questions of nuclear

power. The committee recommended that substantially greater efforts should

be made to improve nuclear safety, both by the industry and by the regu-

lators authorities. In order to reconcile this recommendation with another

finding of the Reactor Safety Committee—that there was no reason to re-

evaluate the factual content of earlier risk studies—one must conclude

that much of what was demonstrated in these studies was not properly ob- •

served by the nuclear industry, relevant authorities, and, maybe, responsible

politicians.

3. The West German Experience

The German Risk Study for Nuclear Power Plants was commissioned by the

Federal Ministry for Research and Technology and divided into two phases.

Phase A looked at the German equivalent of the WASH-1400 study. Although

it applied the analysis to a particular German pressurised water reactor

(PWR), Biblis B, altogether 19 sites with a total of 25 reactori were

considered. This was a critical study for the German nuclear industry,

since a federal law stipulates that the most competent safety assessments

possible must be carried out before a plant is licensed (West German study,

page 43). The German study differed from the Rasmussen study in that the

German reference plant had different engineered safety features and in

that it took into account the closer proximity of the population. The study

'not only sought to estimate societal risks associated with all known classes

of potential accidents, but also to examine the scope for further develop-

ments in risk assessment methodology and safety research. Phase B is still

in progress, looking in considerable detail at the problem areas uncovered

by phase A.

The West German contribution to this study compares the findings of phase

A of the German study with the Rasmusse'n study. While the overall probabi-

lities of core melt were deemed to be similar, the Germans were more cautious

in their assessments of loss-of-coolant accidents (even though different
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component parts and safety features were involved), in that they calculated

a greater contribution of small leaks to the core melt frequency than did

the Americans. In diagrams the West German study shows curves for early

fatalities which are somewhat lower than the U.S. ones, but the reverse

is the case for late fatalities. This is largely due to the application

of linear dose-response curves (as recommended by the ICRP) and to the

higher population densities in central Europe. Yet the German study paid

only limited attention to common mode failures and virtually ignored the

influence of operator error. Nevertheless, the study «as judged to be of

great value as it showed where there were weak points in design (usually

at the interface between different systems and where different technical

disciplines had to coordinate, e.g. engineering, metallurgy, ultrasonic

inspection), how and why accident sequences could develop, and what emer-

gency protection measures should be devised.

Phase B of the German Risk Study, now in progress, involves a much more

detailed treatment of the phase A analyses, encompassing about 20 projects

covering accident analysis and systems analysis, core meltdown and the

discharge of radioactivity, accident sequence models, and methods and

techniques. The aim is to move beyond the rather conservative assumptions

used in phase A drawn from the WASH-1400 study-to more exact analyses based

upon "best estimate" conditions, improved understanding of system relia-

bility, more specific reference to particular experience, and more careful

incorporation of human error. The work on phase B is scheduled to be com-

pleted by 1984.

The second major focal point of the analysis of nuclear related risk in

West Germany was the Gorleben hearing. This was a six-day symposium held

by the state government of Lower Saxony into a proposed integrated nuclear

reprocessing and waste disposal centre. Its aim was not just to determine

the acceptability of the risks associated with the projected scheme, but

to establish public confidence in the public hearing as an exercise in

technology assessment. The hearing took the form of a scientific 'court'

with an international panel of critics pitted against the advocate scientists.

This panel, called the Gorleben International Review, produced a 2200 page
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report, which largely formed the basis of the cross-examination. As is

often the case in such circumstances, the psychological burden of proof

fell upon the advocates of the scheme to show that it could be made safe,

not upon the critics to show that it could not be safe. In general, the

advocates of the scheme won the technical argument, i.e. they made a con-

vincing case that a reprocessing plant could be constructed and operated

safely, but the politicians sensed that the public would not support such .

a move and decided against the reprocessing plant and hence the whole scheme

as originally proposed.

The third West German risk study was that carried out L.y a Commission of

Inquiry, established in 1979 by the German Parliament to look into a wide

ranging array of issues relating to a future nuclear policy including (a)

recommendations of criteria against which to gauge the acceptability of

nuclear power and its risks compared with those associated with other sources

of energy, (b) demonstration of the potential necessity of alternative

fuel cycles, (c) a look at the merits or otherwise of breeder reactor techno-

logy, (d) an analysis of the wider societal implications of a major invest-

ment in nuclear power, and to discuss the implications of abandoning nuclear

energy. The commission was composed of politicians and scientists, some

of whom were avowedly anti-nuclear in sentimeat'. Though it met for 22 ses-

sions over a period of 13 months it did not complete its work, so a new

commission is continuing the investigation.

The first report consisted of three parts: criteria for the evaluation

"of energy systems, different energy paths to the year 2030, and conclusions

on a number of problem topics. The commission split on the issue of the

future status of nuclear power in West Germany, with a majority counselling

delay on any firm decision regarding a long term commitment to nuclear

power untjl at least 1990 (implying that no firm decision on a commercial

breeder reactor should be made before then). But a minority felt that this

was too harsh a judgment and that determining a nuclear energy strategy

on a plant by plant basis would be too unfair on the industry and an un-

realistic restriction on future energy choices. With respect to the reactor

safety issue, the commission split 8-7 with a majority believing that
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existing safety requirements were satisfactory and the minority advocating

further improvement (though admitting that existing reactors were rigorously

regulated and apparently safe). A majority of the commission wanted further

risk assessment panels to be more representative of the various viewpoints

regarding energy futures—and should include representatives of the labour

unions and anti-nuclear critics. This point was also directed at the compo-

sition of the commission undertaking phase B of the German Risk Study. It

was also recommended that new risk oriented analyses be carried out for the

prototype breeder reactor under construction at Kalkar (SNR 300). This

reactor must be shown to be as safe as the Biblis B PWR, the reference

design for the German Risk Study.

4. The British Experience

The British pride themselves on doing things differently. Their response

to comprehensive nuclear rfsk studies is to note, first, that risk methodo-

logies have continually been developed by the Safety and Reliability Direc-

torate of the Atomic Energy Authority (UKAEA)ever since the mid sixties.

This work was based on probabilistic risk analyses making early use of

fault tree analyses and estimates of component reliability. The second

response is that risk assessment is an evolving technique, that there is

never an endpoint in such work, even when plants are commissioned. Thus the

major risk analysis, while methodologically interesting and intellectual-

ly satisfying, is treated in part as an historical document as soon as

it is published. The third point is that all the major comprehensive risk

studies have been devoted to light water reactors (PWRs and BWRs) which,

until recently, were not of interest to the U.K. nuclear industry, which

had devoted almost all its efforts on gas-cooled reactors (Magnox and the

Advanced Gas Cooled reactors).

The first investigation of note of nuclear issues in Britain was the sixth

report of the Royal Commission on Environmental Pollution (RCEP), the so-

called Flowers Commission, which studied nuclear power and the environment.
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The Commission looked at the Rasmussen calculations and accepted the con-

clusions by the UKAEA that the societal risks as outlined by the American

study were approximately correct. The Commission also noted that the British

require tougher standards over common mode failures, involving at the very

least two completely independent systems and, for critical components,

four separate systems. The Commission adopted the standpoint that the nuclear

industry can produce a product with an acceptably low societal risk, but

that many wider considerations must be placed in the equation before a

large investment in nuclear power is made. Nevertheless, the Commission

wanted to see greater use of probabilistic risk analyses by both the de-

signers and the regulators and questioned the apparent bias in favour of

analysing particular accident sequences (most credible accidents), a bias

which they felt might starve analyses of other accident sequences. Where

the Commission was most controversial was in its critique of the 'plutonium

economy' and its concern over the apparent lack of security in the handling

of plutonium for reprocessing facilities. It was also not convinced that

existing knowledge about safe high level radio-active waste disposal was

sufficient and recommended that there should be no commitment to a large

programme of fission power until it had been demonstrated beyond resonable

doubt that a safe method of disposal could be put into operation.

The Royal Commission report shocked the British nuclear establishment,

for even though the industry received a fairly clean bill of health on

environmental grounds, it had not anticipated such a chilling reaction

from a prestigeous body regarding the possible drawbacks of an expanded

nuclear programme.

As a result of the report of the Flowers Commission, a test drilling pro-

gram was initiated to discover which rock formations might be suitable

for long-term storage of high-level wastes. However, all test drillings

sites save one had to be subject to a local planning inquiry due to objec-

tions from the local planning authorities. The public reaction at each

of the three inquiries which were conducted was so hostile that the whole

programme was abandoned. It was officially stated that this was for scien-

tific reason (namely that the relevant expeirence could be gleaned from
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other countries), but it is widely believed that the decision was more

a political one (two senior ministers directly involved represented consti-

tuencies where test drilling was proposed). Here is a case where risk reduc-

tion experimentation was not even allowed to proceed, making it very diffi-

cult for a satisfactory long term solution to be found.

Despite its historical committment to gas-cooled reactors, the British

nuclear industry began to favour the pressurised water reactor (PWR) in

the mid-seventies, on grounds of cost, export potential, and because most

of the world's operating experience lay in the PWR, so it should be capable

of being designed and manufactured so that it was operationally safe. The

U.K. Nuclear Installations Inspectorate conducted a general safety study

of the PWR in 1977, based on the Trojan plant in Oregon as a reference

design. Broadly speaking the Inspectorate (the government appointed, but

technically independent nuclear licencing authority in the U.K.) concluded

that a PWR could be "acceptably safe" so long as British safety principles

and standards were applied. (This would require some modifications in design

and component reliability.) The Nil standards laid down in a subsequent

report as a series of guiding principles gave a fair degree of manoeuvra-

bility to the judgement of the inspector in discussion with clients and

designers. For example, all likely dangers are to be reduced to levels

as low or as" remote "as reasonably practical" and where the particular

Nil inspector had satisfied himself that all reasonable calculations had

been made. In any case, techniques using fault tree or event tree analysis

are to be regarded only as "aids in the logical evaluation of the fault

potential of any plant".

The true safety test for the first U.K. PWR will lie in the public inquiry

into a proposed plant at Sizewell in Suffolk. This plant is based on a

second U.S. PWR reference design, namely the Galloway Westinghouse/Bechtel

plant at Fulton, Missouri. However, as a result of the Nil review and with

regard to British safety principles there are important design changes

for the U.K. PWR. These include a larger number of independent systems

for emergency core cooling, a borated water injection system, heaters of

emergency cooling water, ring-forged steel welds for the pressure vessel
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and at all pipe joints, a second containment, and improved operator room

design.

Such important modifications are not the result of a particular generic

risk study, but the outcome of prolonged discussions between Westinghouse, .

Bechtel, the construction company (National Nuclear Corporation) and the

client (the Central Electricity Generating Board) in consultation with

the Nuclear Installations Inspectorate. All this work has been channelled

into the preconstruction safety report for the Sizewell B reactor which

was published in May 1982. It consists of 12 volumes to which are added

the 14 volume Reference Design and the extensive report by the CEGB in

its Official Statement of Case. This is not all: there are also some 400

supporting documents plus the updated version of a special UKAEA task force

into pressure vessel integrity. In addition, both the Nuclear Installations

Inspectorate and the Advisory Committee on the Safety of Nuclear Installa-

tions have published reports on the safety features of the proposed design.

The pressure vessel issue is an interesting example of the U.K. approach

to risk. In 1974, sir Alan Cottrell, a distinguished metallurgist and former

government Chief Scientist expressed doubts before a Commons Select Com-

mittee on Science and Technology that the steel'of a pressure vessel could

be so fabricated so as not to crack catastrophically at some time during

a reactor lifetime. This so alarmed the politicians that they warned against

Britain ever adopting the PWR, despite the clear preference amongst some

senior people in the CEG8 and UKAEA. Accordingly the UKAEA established

a study group to examine the problem, the so-called Marshall Study Group.

This group, composed of what were regarded by the industry as the "best

minds in the business", concluded that the pressure vessel could be made

acceptably safe provided the strictest quality control techniques were

applied throughout its manufacture and all the associated and auxiliary

systems performed to specifications.

Cottrell was impressed but not overwhelmed by these conclusions and gave

further evidence for another Commons Select Committee, which was looking

at the whole U.K. nuclear programme. In this evidence he argued that it



32

would be straining human ingenuity to its limits to manufacture a break-

free vessel—though he confessed that it could be done. The Committee,

which expressed many reservations about the cost effectiveness of the PUR,

was generally satisfied as regards its safety, but noted that the most

exacting standards of quality control and operational maintenance would

have to be maintained throughout the life of the plant (40 years at least)—a

requirement about which it obviously had concerns. Nevertheless, the Com- •

mittee was impressed by evidence from independent American experts and

Westinghouse officials that the necessary expertise was now available,

and these 'insider' viewpoints tipped the balance of doubt in their minds.

The second report of the Marshall Study Group in 1982 was more reassuring

on the matter of steel purity, guarantees of operating pressures and tem-

peratures and ultrasonic crack inspection techniques to the point where

Cottrell conceded that, provided a number of important safety features

where incorporated, a pressure vessel could be manufactured "to satisfy

any reasonable requirement for safety".

From such a publicly credible critic these words mean as much to the U.K.

nuclear industry as any generic nuclear document. For in Britain it is

the doubting distinguished scientist commenting over matters where he/she

is regarded as an expert that provides one of .the major tests in the nuclear

safety debate.

'5. The Canadian Experience

The Canadians, like the British, conducted no formal comprehensive nuclear

risk study-that was available for close public scrutiny and careful appraisal

by informed critics as was the case in the U.S., Sweden and West Germany.

As indicated earlier this is partly a matter of governmental 'style' with

a preference for a more flexible consultative approach to societal risk

analysis and partly because, until recently, the issue of societal risk

has never seemed as controversial and unsettling as to require a more formal,

and more public analysis., Growing public alarm about the unknown and potenti-
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ally catastrophic aspects of nuclear power with various symbolic associations

for the future of democracy and peace led to pressures to 'open up1 the

safety argument to further public discussion. Furthermore it was evident

that the public would settle for nothing less than a discussion that was

seen to be open, frank and full (i.e. complete with all relevant documenta-

tion from all sides), and so financed that the nuclear critics could not

legitimately complain that they were unable to marshal their arguments

due to lack of money.

The Canadians chose to tackle this problem by utilising the Commission

of Inquiry—a mechanism of roving and wide-ranging public meetings in which

specialists and laypeople can make their case before an independent chair-

man or a tribunal. The model example of this approach was the Berger Com-

mission on the Trans Alaskan Pipeline in 1977, which sat for two years

and took evidence from a host of people in many locations and languages.

All of the participants were eligible to receive public funds to assist

them in preparing their evidence so long as they could show good cause.

The Canadian case study reiates to Ontario, power generation being a pro-

vincial matter and Ontario being the only province with an experience in

civilian nuclear power, and in particular to the work of the Porter Com-

mission on Electric Power Planning (Canadian study, page 2Off). This com-

mission was not primarily established to look at societal risks arising

out of nuclear power, but to consider the land use implications of Ontario's

future energy program. Parallel with the work of the Porter Commission

was an investigation by the Select Committee of the Ontario legislature

of the financial affairs of Ontario Hydro, the publicly owned provincial

electricity utility. Being a monopoly suppli.er, the legislature was keen

to look at how it priced the electricity it produced. However, within two

years of its operation the Porter Commission agreed to look more closely

at nuclear power and decided to incorporate societal risk into an interim

report in September 1978, largely due to an unexpected strong emphasis

on the risk issue in the submissions received during the public informa-

tion hearings and the debate stage hearings. In the wake of the Three Mile

Island incident it enlarged its assessment of nuclear risk in its final
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sensing public unrest over the societal risks of an expanded nuclear pro-

gramme, turned its attention to future possible developments for nuclear

power together with the likely ramifications and reported in 1980 (for

a comparison of the timing of these two studies, see the Canadian national

study, page 36). Unfortunately, this latter study was never completed,

since, following a change in the Legislative Assembly in March 1981, the

minority conservative government discharged the Committee.

These Ontario studies were far broader than the risk related reports al-

ready discussed in the U.S., Sweden and West Germany, with the exception

of the Swedish Energy Commission. Only 2250 pages of transcript out of

a total of 36000 in the Porter Commision's work were devoted to societal

risk.

The Commission never quite got to grips with the risk issue. In its interim

report it was divided on the matter of how wide to consider the nuclear

power question, with a narrow majority favouring a broad sweep of relevant

issues, but a significant minority preferring to confine the debate to

technical matters. In the end they did acknowledge the methodological basis

of the Rasmussen Report and the criticisms by the Lewis group, but they

did not consider a new analysis to be what the situation demanded. Instead

they concentrated on safety measures and component reliability testing,

though they also stressed the importance of human error, particularly in

their final report, which appeared after the Three Mile Island incident.

The perplsxing problem of safe disposal of high-level radioactive waste

concerned the Commission enormously: in its interim report it advocated

a containment of nuclear development if the problem could not be satis-

factorily resolved by 1985, but in the final report this date was set back

to 1990. Nevertheless, the Commission remained suspicious of the risk quest-

ion. It was anxious that adequate emergency procedures should be established

as a matter of urgency, that worker radiation protection measures should

be improved and that a proposed 1250 MW CANDU reactor should not be complet-

ed on the grounds that the existing 850 MW design was well understood and

hence inherently safe. (Ontario Hydro has since abandoned the 1250 MW de-

sign.)
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IV. PUTTING MAJOR RISK STUDIES INTO PERSPECTIVE

1. Public Disquiet over Nuclear Power

The world-wide public disquiet over nuclear power has significantly de-

layed or inhibited the nuclear programme in several countries. In the U.S.,

for instance, no nuclear plant has been ordered since 1979 and delays due

largely to time-consuming regulating demands affect the economics of nuclear

electricity generation significantly. Nuclear power stations in the U.S.

take about 12 years to build, double the time in France and Japan. Meanwhile

public disquiet grows. The state of Oregon has voted to ban nuclear plant

construction (with California doing likewise) pending a safe method of

disposing of the radioactive waste. The citizens of Washington state voted

to block further state authorization of the expensive five reactor Washington

Public Power Supply System. It has been estimated that the total cost of

the Three Mile Island accident is far more tha-n the $1000 million resulting

from the reactor damage, clean up costs, liability payments and the purchase

of alternative power: It will involve all U.S. operating utilities with

retrofit safety costs of between $3 million and $30 million per plant.

In West Germany, the expansion of nuclear power almost came to a standstill

between 1977 and 1980. In 1980 no nuclear plant was commissioned, no licence

granted and only one order placed. However, by early 1982 the Federal Minister

of the Interior gave the green light for three new PWRs (with a capacity

of 4000 MWe) to be granted a first partial construction permit. Applications

for similar permits for a further six reactors (7800 MWe) are pending.

A proposed integrated nuclear reprocessing and waste disposal centre at

Gorleben in Lower Saxony was stopped in 1979 for political rather than

technical reasons on the grounds that "the political preconditions for

the construction of a reprocessing facility do not exist as long as it
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is not possible to convince broad segments of the population of such a

plant's necessity and justifiability from a technical safety angle".

In Sweden, the nuclear issue split the political parties and forced a national

referendum in March 1980 in which all the alternatives implied a halt to

nuclear power in the foreseeable future and where 38.7% of the Swedish

people voted that they would like to see this done by 1990. Both in Canada

(Ontario) and in the U.K., while the main political parties favour nuclear

development, powerful opposition groups are exploiting public anxieties

over safety and the growing doubts about the real need for nuclear power

and its cost effectiveness in the context of other energy supply possibilities

and investments in energy conservation. Both the German 1980 (but not 1983)

and the Dutch general elections were strongly influenced by the nuclear

issue, though nuclear disarmament dominated the argument. In West Germany

political dispute over civilian nuclear matters also extends to the state

level.

Public opinion polls of nuclear power have been performed in many countries.

Such polls are notorious for being strongly dependent on the precise word-

ing of questions, so it does not seem meaningful to compare figures from

different countries, although some general trends are obvious enough. Many

polls in the U.S. and in Europe indicate that a near majority opposes nuclear

power, although these high percentages of opposition seem to diminish when

nuclear power is discussed in relation to the benefits of electricity and

to other energy alternatives. Opposition is stronger to nuclear plants

in unspoiled settings than in sites where nuclear plants already exist.

In other countries, such as Brazil, Australia, Japan and Korea, opposition

is weaker, but not insignificant. In the U.K., West Germany and the U.S.

the trend has for a while been towards a more anti-nuclear stance and po-

larisation of opinion, though one should be wary of the political impli-

cations of this: to date in neither of these countries does a major poli-

tical party oppose further development of nuclear power. Interesting enough

there is in several countries a smaller percentage opposing a nuclear sta-

tion near them than opposing nuclear power in general.
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Wherever nuclear power is promoted it generates controversy, impassioned

scientific and public debate, and political unease. Why is this so? Probab-

ly for six main reasons:

(i) Opposition groups joined forces across international barriers by

sharing scientific expertise. The public were then confronted by

serious scientific dispute regarding the need for and ultimate safety

of nuclear plants, shattering the illus'Ion cultivated during the

sixties that nuclear power was cheap and undermining the argument

that it is environmentally less of a nuisance than fossil fuels.

(ii) The seeds of doubt sown by scientific controversy were nourished

by numerous discoveries of accidents and near-accidents at nuclear

plants all over the world. Most of these discoveries were disclosed

by insider sources and revealed that the instinctive reaction by

the nuclear industry was to cover them up. The dramatic incident

at Three Mile Island confirmed in the minds of many people that nuclear

power generation could not be made safe and that 'establishment'

risk analyses were not fool proof.

(iii) Few people seem to be prepared to tolerate either the transport of

radioactive material or the disposal of radioactive waste near where

they live. Important ingredients in this attitude seem to be a feeling

of unfairness of the risk being concentrated to one location and

a distrust in the possibility to foresee and control the integrity

of the disposal site in the distant future. Although there seems

to be technical consensus among scientists that there exist in prin-

ciple safe methods and sites for final disposal of radioactive wastes

(which does not preclude that the difficulties involved in determining

whether a proposed site meets the specifications may be significant

and time-consuming), this problem seems to be a particularly con-

tentious political issue in terms of public acceptability in the

current nuclear debate, and affects the nuclear industry in all of

the five nations studied in this report.

(iv) The linkage between the civil and mVitary use of nuclear power has

always been unclear but tempting to make. Curiously the nuclear dis-

armament movement has not always been active in anti-nuclear power
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activity, although this is now becoming much more common, particularly

in West Germany, France, and very recently in the U.K.

(v) Opposition groups have sometimes been infiltrated by militant groups

of extreme political persuasions anxious to exploit unease with cent-

ralist and rightwinged governments. This has led on occasion to pub-

lic disorder against nuclear plant construction, and the response

by authority to exercise the tough use of police and military power. •

This in turn led to adverse media publicity, some deaths, many in-

juries and a symbolic association in some people's mind of a close

relationship between nuclear power and authoritarian forces of oppres-

sion.

(vi) The mechanisms used to debate economic and safety aspects of nuclear

power were normally the conventional devices of public inquiry or

hearing or special commission of investigation. In many instances

it was found that these procedures were ill-adapted to cope with

the many complexities of nuclear power technology and economics,

nor were they able to analyse the political commitments already

apparently built into the nuclear option as part of a national energy

strategy. As these devices were seen to be faulty, some people questioned

the fidelity of long established political institutions to deal

adequately with the nuclear issue.

2. Risk Studies and National Political Culture

The phrase "political culture" is coined to describe both the institutions

and the accepted rules of conduct through which policies are made and execu-

ted. It relates to the "learned rules of the political and administrative

game" with* given relationships and expectations of participants. It is

based on constitutional traditions, the law and tacitly recognised codes

of practice all of which combine to provide order and an overriding sense

of purpose to political and administrative activity.
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In the countries studied there are two paradigm styles of political culture

— t h e adversarial style and the consensual style. The adversarial style

is based, broadly speaking, upon decision making through dispute where

all documentation is open and subject to full cross-examination. It is

based on the principle of direct public accountability and legal challenge

on all matters involving administrative decision. Its roots lie in what

the U.S. study refers to as the Madisonian philosophy of a non-tyrannical

republic in which all decisions are accessible to checks and balances and

intervention from various interests. Allied to the notion of full and direct

accountability is that of the distrust of the "bureaucratic middleman"—a

sense of frustration that the administrator, or adviser, or regulator should

act as broker for a particular public interest. The adversarial style is

thus based on the twin concepts of conflict and suspicion and is most clearly

observed in the U.S., though there are some similarities in the West German

political culture.

By contrast, the British operate through a consensual form of government,

based on the principles of compromise, consultation, accomodation and trust.

This is down from a paternal view of government where there is limited

accountability (basically only to Parliament, though even in Parliament ac-

countability is wery much subdued) and a strong'belief in professional

integrity. Safety regulation operates through a kind of club of specialists

who are not only highly trained and experienced (and hence who share similar

values), but who also believe in professional competence and high standards,

which can result in an unintentional disdain of 'lay' opinion and a diffi-

culty in communicating with the ordinary public. The consensual approach

in Britain is also characterised by official secrecy and to a certain cryptic

opaqueness regarding how decisions are actually reached. This consensual

style is best developed in Britain, France and Canada (though Canada now

has a Freedom of Information Act).

The Swedish style is still a different case. It is basically consensual,

though it pursues this aim, not in seclusion as the British, but out in

the open with frequent public participation. If the catchwords for the

U.S. style is conflict and suspicion and for the British style consensus
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and trust, one may say that the Swedish style is characterised by consensus

and suspicion. Suspicion, because it is essential that all information

is open, accessible to anyone interested, thereby making it possible to

check the impartiality and competence of officials and experts—the public's

right to information is a principle of wide applicability and of long stand-

ing in Swedish Public Law—and consensus, because it is supposed that the

decision- makers shall consider all sides of a case and decide fairly in

the name of the whole nation and not in their own private interest or that

of their organisation. At bottom, this is a paternal.view of government

(albeit of a collective kind), and, as might be expected in such a case,

accountability is very limited. Hardly any minister has left his seat as

a result of revealed neglect, dismanagement or incompetence.

In the U.S., nuclear risk management is spread over a large number of in-

stitutions and interests, including four major federal departments, at

least two counterpart agencies in each state, many local government bodies,

some 44 private electricity supply companies (utilities), at least two

dozen congressional committees, and the courts. This creates an organisational

atmosphere in which conflict is encouraged, uncertainty delay is exploited,

and numerous pressure groups can argue their case. Decisions are made through

a complex set of codes of practice and regulations usually binding on the

utilities and studded with quantified specifications. Thus the performance

of both the regulator and the regulated can be thoroughly checked. There

has been criticism from e.g. the Kemeny Commission and the U.K. Nuclear

Installations Inspectorate that this type of organisation makes the utility

organise themselves more to meet the safety standards than actually to

ensure safety. However, there seems to be an increasing awareness of the

utilities that they should also take part of the responsibility for developing

safety standards and undertaking relevant background research. Thus the

U.S. utilities' trade association—the Electrical Power Research Institute

(EPRI)—and the new industry organisations—Nuclear Safety Analysis Center

and the Institute of Nuclear Power Operations—now run risk programs of

considerable size.
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In the U.S. the electricity supply utilities are many in number, privately

owned, some very small, and some very large. In West Germany, nuclear energy

is used in varying degrees by more than 20 utilities out of a total number

of 1000. The leader is the "Rheinisch-Westfälische Elektrizitätswerke AG"

which directly or through participation has about one third of the installed

and future nuclear capacity. In Sweden, the major supplier and owner of

nuclear reactors is state owned. The other reactor owners are two major

companies with a mixed ownership of local communes and private interests.

In Canada and Britain, nuclear power is operated by monopoly public suppliers

(Ontario Hydro in Ontario, the Central Electricity Generating Board in

England and Males and the 3outh of Scotland Electricity Board in Scotland),

backed by large semi-public/semi-private manufacturing consortia.

Since the strictest formal approach to safety standards is to be found

in the U.S. with West Germany and Sweden following thereafter and with

Britain and Canada being most lax, there seems to be a connection between

formal strictness and the degree of diversity and number of utilities.

Central regulation through a rulebook is probably essential where there

are many different kinds of utilities, especially if some are small and

privately run as in the U.S., whereas major publicly or semi-publicly owned

suppliers can afford to buy or develop their own "inhouse" expertise through

whom they can reason with regulators on an equal footing. So the structure

of the electricity supply industry is an important element in determining

how safety standards will be set, how licencing procedures are followed

and hence how far comprehensive risk studies are important.

In Sweden, the licencing process is split up into two phases. The first

is what may be termed site specific planning.permission. Like for all pro-

posed buildings, the local commune has to grant a building permit to erect

a building of specified size and construction at a specified site for a

specified purpose. No risk assessment is formally necessary, although risk

considerations will inevitably play a major role in the present political

climate, since the decision is a purely political one. The second phase

of the process is only triggered once commune approval is given. This is

the permission which is granted by the State Nuclear Power Inspectorate
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(SKI) after hearing a number of other state agencies, such as the State

Radiation Protection Institute. SKI have no set rules of procedure (like

in Britain and Canada), but require both a preliminary safety report and

a final safety report from the proponent. These documents, like their counter-

parts in Britain, include subgeneric risk assessments, though unlike Britain,

risk probability analysis is not formally required. Nevertheless, any appli-

cation will draw heavily on existing comprehensive risk studies from both

Swedish and foreign sources as background material for the detailed plant

safety reports.

In the U.S. the picture is complicated by a federal standard setting pro-

cess and a federal/state/local licencing procedure. This is illustrated

in Figure 1, taken from the U.S. national study. In general there is little

or no communication between the standard setting process, run by the federal

Environmental Protection Agency (EPA) and Nuclear Regulatory Commission

(NRC), and the plant level analysis report prepared by the constructing

consortia coupled with the architect engineers who must respond to federal,

state and local requirements. It is interesting to observe that there is

now a willingness on the part of the utilities' trade federations, notably

the Nuclear Safety Analysis Center and the Institute for Nuclear Power

Operations, to cooperate more formally with the'U.S. NRC on the development

of standards' and related risk research.

In West Germany the picture is even more complicated owing to the rule

of law and the role of the courts in interpreting it. In the Atomic Energy

Act of 1959 it is stipulated that on the preparation for safety "every

necessary precaution (be) taken in the light of existing scientific know-

ledge and technology" to prevent damage. The German Constitutional Court

has ruled that in order to conform to existing scientific knowledge and

technology, "those precautionary measures against damage must be adopted

that are deemed necessary according to the lastest scientific knowledge.

If they are not as yet technically feasible, the license may not be granted.

The appropriate measures of precaution are thus not determined by technical

feasibility". (West German national study, p. 16.) The courts are of the

opinion that the determination of a "level of acceptance' on the basis
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of quantitative probabilistic analyses is a normative act that lies within

the competence of the legislator and is not a question to be decided on

by scientists or engineers. As is the case in the U.S., the German nuclear

regulatory process is extremely complex, relying on numerous agencies at

three tiers of government plus a variety of expert commissions. Public

participation is built into the licencing procedure at different stages

along constitutional principles, but is tailored to take into account only

isolated or small numbers of protests. In the face of such broad opposition

to nuclear energy as has developed in the 70s, they proved, however, inadequate.

As is the case in Sweden, plant licencing in Canada involves a mix of local

and state controls. The specific plant may be subject to an environmental

assessment (done at provincial levels), though this is discretionary and

would not normally involve detailed safety considerations. Those considerations

are the responsibility of the Acomic Energy Control Board (AECB), the fe-

deral regulatory agency in Canada, which must issue licences both for construc-

tion and operation of new plants (Figure 2). Issuance of a construction

licence implies approval of the general design of the plant, but does not

mean that an operating licence will automatically be granted. In Canada,

as in all of the countries studied, the responsibility for safety rests

with the utility and the job of the regulator -is to ensure that reasonable

assurances of safety are provided in both the provisional and post-construction

safety reports. There is no general comprehensive risk study, but a "sub-

generic plant appraisal" conducted through a series of safety reports using

risk acceptability criteria based on the work of international committees.

The British nuclear risk regulatory arrangements are not unlike those operating

in Canada. The British rely extensively, on a prolonged period of consulta-

tion between the plant designers, manufacturers and the operators with

the onus for setting the safety standards and ensuring that these are met

resting fir'tnly on the shoulders of the operating utility. There are no

comprehensive risk assessments, but there are intensive sub-generic studies

of all aspects of accident sequences, component reliability and plant design.

In general, all these documents are not made public, nor, until recently,

has there been any opportunity for formal public examination on the safety
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through four stages—the preliminary safety case, the pre-construction

safety report, the plant completion report, and the integrated commission

report. Each of these stages involves various kinds of risk probability

analysis.

However, just recently there has been a change on the British scene in

that publicity has gained a new role via public inquiries. Both the Nuclear

Installations Inspectorate and the nuclear industry will have to disclose

details of their risk analyses and to defend their risk methodologies,

the comprehensiveness of their analyses, and the regulatory procedures

of the licensing process. The latter is now a major issue in the Sizewell

inquiry, where the Nuclear Installations Inspectorate has been criticised

for not completing its pre-construction safety report before the inquiry

began.
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V. STRUCTURING THE ANALYSIS

It is evident from the discussion so far that the emergence and evolution

of the major comprehensive nuclear risk study have been looked upon and

used very differently in each of the countries studied in this comparative

review. It is postulated that this variety of treatment is a function of

both the emphasis placed upon nuclear power as part of a national energy

strategy, the scale and political sensitivity of anti-nuclear sentiment,

the degree to which accountability for safety standard is a public or an

internal exercise, and the particular mix of nuclear generation systems

adopted.

It is striking that the comprehensive risk study emerged in those countries

(U.S.. West Germany and to a lesser extent Sweden) where public scrutiny

of government is extensive, where the law and the constitutional norms

enable citizens' use of the courts to test the .legitimacy and administrative

fairness of.regulatory decisions (not applicable to Sweden), and where

local government (state, land, commune) has an important role to play in

licencing plant construction. It also emerged in countries where public

(notably informed public) suspicion of nuclear power was growing and new

developments or an accela ration in an existing programme were proposed.

The comprehensive risk study was not developed in those countries (U.K.

and Canada) where a more consensual (internal) form of accountability is

prevalent, where the indigenous nuclear industry was regarded as being

competent and able to complete its own safety analyses (drawing for support

from the major U.S. and West German studies), and where public opposition

either directly through political channels or indirectly through the courts

was subdued or obstructed. Again, some of the above is applicable to Sweden,

which thus stands in a middle position.
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The main purpose of the risk studies is therefore no doubt of a political

nature—they were initiated to solve or serve as background for specific

political questions (see Chapter II above) and their emergence shows a

clear connection to the general political 'style' in the countries which

have been studied. It is therefore a prime interest to investigate the

effects of the risk studies on society at. large and on public attitude

towards nuclear power in particular. This outward looking or public dimension

or the risk studies will be summarised by looking at the impact on some

key groups, such as national politicians, the scientific community, environ-

mental groups, the media and the general public.

But there is also an inward looking or private dimension of the risk studies.

It concerns the effects of the studies on the nuclear establishment itself,

where this term is interpreted wide enough to include both manufacturers,

operating companies, utilities, certain research establishments, and to

some extent regulatory agencies. This dimension will be looked into from

the aspects of standard setting, plant design, manufacturing and quality

control, operation, and institutional organisation.
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VI. THE PRIVATE DIMENSION OF THE COMPREHENSIVE
NUCLEAR RISK STUDY

1. Standard Setting and Plant Design

The risk studies have had an extensive and deep influence on safety work.

Their methods penetrate safety thinking. They have to a large extent affected

the design of the plants which have been planned and built during the latter

part of the 70s, and also certain more extensive changes in plants which

were already in operation. One major example is the filtered vent containment

(to control iodine release) to be built at the Swedish Barsebäck plant,

which was a result of the conclusions of the Swedish Reactor Safety Study

(Swedish study, page 56); another is the introduction of automatic control

devices for emergency cooling as a result of the German Risk Study. But

more important than such conspicuous major requirements is the fact that

the methodology of the risk studies has penetrated into practical security

work. In this way, safety questions have for the first time come to be

regarded as an integrated part of nuclear engineering, and together with

systems design, training of operators, formulation of instructions, administra-

tive rules, and the like, it is now regarded as a continuous whole.

The most important ways in which the general attitude towards safety questions

has changed through the risk studies seem to be, first, that while the

previous philosophy was almost entirely directed towards the prevention

of major accidents, more attention is now being given to limitating and

mitigating the consequences of a core melt if it should occur; and, second-

ly, there is a clearer realisation that the combination of several failures

of a commonplace character can be as important a risk as large pipe breaks

or leaks. As for post accident mitigation, the major lesson of the risk

studies (and of the TMI incident) was the recognition that serious accidents,

though improbable, could happen and that it was therefore vital to have a



post-accident preparedness. This has in turn led to new arguments about

public communication and evacuation procedures, to the question of siting

adjacent to population centres, to secondary containment provision, and

to the provision of potassium iodine tablets.

But, at a less general and sweeping level, it is still the case that most

impulses to concrete safety improvements come from the feedback of operational

experience from the own or similar stations. This is stressed primarily

by those who work close to actual production rather than among those who

have more central policy responsibility. The former category is more eager

to stress the importance of assiduous work with small improvements, based

on collected operational experience, and they sometimes feel that committee

recommendations are theoretical or somewhat out of touch with reality.

The tension between different view-points which can be sensed here seems,

however, to decrease as risk studies get more detailed and more site specific,

approaching the level where meaningful comparisons can be made with real

incidents.

As for manufacture, the important lesson learned is the importance of quality

control, in particular with respect to pressure vessels and pipes.

Another important lesson is the recognition of the importance of designing

control rooms and operator panels in such a way as to aid the operator

in understanding what is going on inside the reactor, thereby reducing

the risk of operator error and increasing the probability that the operator

will be able to handle situations which have not been explicitly trained

or foreseen in the instructions. The need for such measures was of course

obvious after the TM1 accident, but had been pointed out before then by

a subcommittee to the Swedish Energy Commission and later in the Lewis

Report.

2. Institutional Organisation

It was said above that the risk studies were important to the nuclear industry
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in a general way: they created a new safety awareness and established a

set of standards for safety work. The most obvious outward sign of this

is the considerable amount of internal reorganisation of the nuclear industrial

complex which has taken place in the latter part of the seventies and the

beginning of the eighties.

In Sweden, for instance, the State Radiation Protection Institute and the

State Nuclear Inspectorate received more funds, the State Power Board set

up a permanent reactor safety section and two new bodies were formed—the

Councel for Nuclear Safety (set up be the industry) and the Board for the

Handling of Spent Nuclear Fuels (a state organization, to the creation

of which the Aka and KBS studies were strongly contributing factors).

In the U.S., despite recommendations by the Kemeny Commission for a radical

restructuring of the Nuclear Regulatory Commission and a strengthening

of NRC's Advisory Committee on Reactor Safeguards, no major organisational

changes took place in the regulatory bodies or other federal departments

and agencies. The NRC has, however, established a new office for analysis

and evaluation of operational data aimed at learning from past reactor

incidents and malfunctions.

By interesting contrast, the U.S. nuclear industry reacted much more swiftly

to the TMI accident. Within a month the Nuclear Safety Analysis Center

was established to conduct technical studies of the accident, to interpret

the lessons to be learned, to develop strategies to prevent future accidents

of that kind, and to consider generic safety issues. The industry also

established an Institute of Nuclear Power Operations to look initially

at operator training and operator capabilities on a plant by plant basis.

U.K. and Canada show a slightly different picture. In the U.K. the House

of Commons Select Committee on Energy made a number of recommendations

both as to the supervision of safety and the organisation of safety. It

wanted to see a technically strengthened Nuclear Installations Inspectorate,

a safety monitoring group in the Department of Energy and a better organisation

of safety responsibility handled between the National Nuclear Company and
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the Central Electricity Generating Board, with the latter becoming less

involved in the specifics of plant design. But in its reply the government

played down all these recommendations on the grounds that it was broadly

satisfied with existing arrangements, though it did add a specialist techni-

cal expert on nuclear matters to the staff of the Government Chief Scientist

in the Department of Energy. In Canada, the Porter Commission in Ontario

did make a number of suggestions concerning organisational changes, but

since the commission was provincially created and advisory, its policy-related

recommendations were little heeded on a federal leve1 or by the nuclear

industry generally. This should probably be seen moro as a reflection of

the diverse distribution of political power in Canada, rather than of a

lack of public or political interest in the nuclear issue.
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VII. THE. PUBLIC DIMENSION OF THE COMPREHENSIVE
. NUCLEAR RISK STUDY

1. Impact on Politicians

While one can safely say that the risk studies have been quite successful

in their private dimension, the degree of success in the public dimension

shows a much more diverse picture. As a group, it is probably the politicians

on a national level who have been most impressed and reassured by the risk

studies. This is not to say that there does not exist politicians with

strongly anti-nuclear attitudes, but only that these attitudes have not

been created or reinforced by the risk reports. Basically, it seems as

though the impressive amount of work which has been put into the risk studies

and the, on the balance, favourable conclusions for nuclear power have

convinced politicians, if not that nuclear power is desirable, at least

that reactor safety is not its major weakness. Nuclear critics do not seem

to have converted to the other camp but have instead directed attention

to other questions, such as storage of nuclear wastes and economic problems.

The above does not entirely apply to the U.S., where the results have gene-

rally disturbed politicians rather than reassured them. This does not necess-

arily imply that U.S. politicians have now a more critical attitude towards

nuclear power than politicians in other countries, because it can justi-

fiedly be argued that their original level of trust was higher.

Perhaps the U.S. reaction can be seen in the light of the biassed (pro-

nuclear) executive summary of the Rasmussen report. In a country like the

U.S. it is inevitable that such summaries to a large extent determine the

general picture of a study among influential politicians. In Sweden, where

a special series of interviews was made to elucidate this point, it was

found that neither the summaries nor the written reports themselves were
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important to politicians on a national level. Rather, they gave as their

most important source of information verbal contacts with those involved

in performing the studies. Many of the committees behind the studies were

of a parliamentary character, and those which were not had close contacts

with leading parliamentarians. All the major parties have assigned the

task of looking after energy questions to a trusted member of the inner

circles, who then sits in the parliamentary committees and serves as the

intermediary between the committees and his fellow party members. This

means that members of the parliament often are well informed about the

true opinions in a committee, but also that they receive the bulk of their

information through one channel only. Inevitably, the 'party specialist'

filter; out much of the information which is not likely to be retrieved

by other politicians. In this way, members of a party tend to regard the

risk studies in a uniform way, and a wealth of information remains buried

in the study reports.

2. The Scientific Community

Empirical studies of the reactions of the scientific community to the risk

studies have been made in the Swedish part of the study only, and what

follows is therefore directly applicable only to Sweden, unless the contrary

is. explicitely stated.

Admittedly simplified, one can say that the risk studies have affected

scientists more than science. There seems to be agreement that the risk

studies have not, through their factual_ content and with the possible ex-

ception of-the two KSB studies, added something substantially to scientific

knowledge. In that flow of information, the scientists have been the giving

part, and rfot the taking one.

Nevertheless, the risk studies have had a rather profound effect on the

engineering sciences. It manifests itself mainly through more frequent

contacts, both between different research areas and in relation to other
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groups in society, through new ways of posing problems in the individual

sciences and through the emergence of new areas of research, often on the

border between two old ones. There has been a stir in the scientific community:

people have been forced to reconsider their work and their positions, they

have become more versatile and more open in their ways of thinking. These

effects are the results of taking part in the process of making a risk

study, and not of taking part of the final product.

In one respect there was a noticeable difference between Sweden and the

other countries. In Sweden, a sizeable part of all scientists in nuclear

related disciplines have Leen more or less engaged in some risk study.

Considering the comparatively large number of Swedish risk studies and

the smallness of the Swedish scientific community,.this means that prac-

tically all voices have had a chance to be heard and that the sciences

have been efficiently tapped of all they have to offer on the applied side.

But it also means that many scientists have been so busy that fundamental

research in.some areas has suffered during a couple of years. In the other

countries these effects are less pronounced. The scientific communities

ere so large that the risk studies nave not to any discernible degree in-

creased competition for the services of qualified sciencists. In such set-

tings it should be easier to find scientists for peer review which have

not previously been involved in that particular study although one cannot

perhaps expect them to be also uncommitted in the sense of not having taken

a position for or against nuclear power.

There is also a certain discontent in the scientific community with the

quality of what has been produced. One feels that the competence of the

scientists could have been used in a better.way, both in the case of the

risk studies and the case of dissemination of information to politicians

and the public. There is, however, an uncertainty about what forms would

be suitable to realise this hidden potential. A repeatedly mentioned need

was for some form of secondary, or intermediary information transmitter

with good competence.
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3. The Media and the General Public

Within this project, no studies have been performed of the effects of major

risk studies on general public opinion as such, though some have been made

of the media, both in terms of their ways of selecting and editing material,

and in terms of the general picture which emerges as a result of what they

publish. The latter picture may well represent the picture of the informed

public.

Detailed empirical studies are reported in the Swedish, German and U.S.

national studies. Since the problem is a complex one and since strong feelings

are sometimes involved, it is advisable to interpret reported figures with

care. This is done in the individual national reports, and the reader with

a particular interest in the media's treatment of nuclear risk studies

is referred to these for a more complete treatment. It is almost inevitable

that in a short summary conclusions can be rather sweeping, particularly

in relation to delicate subjects, such as bias and impartiality.

In terms of response in the media, risk studies have been given variable

reception, but the overall reaction was muted. In some cases it was possible

to compare the coverage of risk reports with that of other reports relating

to nuclear power, namely one economic and one concerned with broad questions

of selecting energy strategies for a future society, both of which received

significantly more coverage that the risk study although they were much

smaller in terms of manpower and institutional prestige. As a rule, papers

whose editorial opinion was anti-nuclear tended to devote more space to

the risk studies, although there were exceptions. Anti-nuclear papers dis-

cussed siting and emergency evacuation issues and played down the economic

consequences of abandoning nuclear power, whereas the pro-nuclear press

reversed these priorities.

Attention was also given to the fact that the risk studies opened up scien-

tific dispute, especially methodological disputes, which led to more rather

than less public distrust in science. Ironically, that which from an intern-

al point of view is the vital force of science, namely a critical and open
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discussion of diverging views, becomes suspicious and potentially discre-

diting in an external perspective.

On the whole, the press treated the risk studies in a fairly correct way. A

number of factual mistakes could easily be found, but almost all were obvious

misunderstandings by the journalist of complex technical matters and did

not bias the overall picture. The publications of the risk studies were

treated as ordinary news items. A substudy in the Swedish part of the pro-

ject showed that most Swedish newspapers relied on the material delivered

by TT, the Swedish news agency, which in turn relied substantially on the

summaries prepared by the committees themselves. But also when the papers

used their own correspondents, their reports were remarkably similar, mainly

because they used the same strategy as TT. The uniformity of news reporting

was therefore a very striking feature in the study of the Swedish newspapers.

Despite the predominant correctness of information, one cannot say that

the press was largeiy impartial. Rather, it was by selective reference

to risk reports or by selective choice of discussion topics that papers

revealed their profiles. A typical case was Dagens Nyheter, a major Swedish

morning newspaper whose editorial policy was pronounced anti-nuclear.

In a study of how the newspapers used risk stu'dies as references it was

found that Dagens Nyheter differed markedly from other Swedish newspapers

in that it referred to a number of otherwise little discussed sources,

most of which were critical of nuclear power. While it seems justified

to say that the readers must have received a skewed picture, it is also

true that that picture was considerably deeper than those obtained by read-

ing other newspapers.

Television'did differ from the press. In Sweden, a daily half-hour news

programme'was analysed and found to give a considerable more narrow and

superficial picture than the press with an emphasis on spectacular scenarios

and with very few references to major risk studies.

In Germany, it is a predominant view that television news reporting was

largely biassed against nuclear power while British television viewers
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received most of their information from impartial documentaries rather

than from news reporting.

With some exceptions, media coverage was balanced, factually accurate and

in many cases quite sophisticated. Unfortunately, however, the press tended

to regard the risk reports as isolated news items and not as important

stages in a fascinating evolution of how society grapples with the issues

of nuclear safely.

4. Present Developments

The comprehensive nuclear risk study has been used as an instrument to

satisfy many needs. It has not been particularly successful in its public

dimension—the nature of nuclear risks can still not be said to be well

understood by lay people despite much publicity, and the public debate

following the presentation of the studies has even produced a wider dis-

trust of nuclear power, due in part to the fact that the public has been

made aware that also scientists disagree and in part to a general effect

of making more thorough analyses: more facts mean more possibilities of

selective reading by either side, regardless of the general tendency of

the study. No doubt, the risk study will adapt and try to grapple with

what can now be regarded as its failures, but most probably will it do

this in many different directions, each tailored for a particular need.

One such development is the sharpening of focus into particular accident

sequences (with growing attention being given to the quality of operator

performance following the TMI incident) plus component reliability. It

will be nrore plant specific and it will help to narrow the gap between

theoretical considerations and practical experience. This development is

tailored to suit the needs of what was called tlie private dimension of

nuclear power.

Another development is the emergence of a much broader discussion relating

to national energy strategies, with attention being given to energy conser-
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vation and non-conventional sources of energy supply. This trend is particu-

larly visible in Sweden and West Germany, but can also be discerned in

the U.S. and the U.K. In both the Swedish and West German examples is it

worth recalling that this debate is not only taking place on the highest

political level, but that it includes experts who are both pro- and anti-

nuclear.

A third and, from a societal view-point, perhaps most significant development

is the incorporation of the publicly credible scientific critic into the

risk and energy debate. It both extends and contains the adversarial element

in the nuclear dispute—extending the critique right into the peer review

process, but containing.it within officially acceptable bounds. This can

be seen as an innovation to foster public and political assurance in energy

policy making generally, but it can perhaps also be seen as a first step

towards a mechanism for society to come to grips with complex technical

questions of wide social importance.
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VIII. CONCLUSIONS

Broadly speaking, the results of this study fall into two categories: the

discovery of general tendencies or patterns, obtained by comparisons between

the five nations involved; and specific results on more delimited topics,

obtained through empirical investigations in special substudies. In relation

to the title of the project, "Evaluation of major Swedish energy risk assess-

ments in an international perspective", the latter provide the basic material

for the assessment of the Swedish situation, since most of them have been

done in that part of the project, while the comparative findings contribute

to the international perspective. Since there has been published a separate

Swedish national study in which the detailed work is summed up, the emphasis

in this final report, being a summary of the whole project, is shifted

towards the comparative aspect.

This, however, presents a problem. In order to draw reliable conclusions

from the study of only five nations, the national case studies have to

contain detailed and careful analyses of all the complex factors which

are at work in a given situation. This is done in the various national

studies, but already in the main text of this final report, some sweeping

simplifications have had to be done, and when we now attempt to spell out

the main conclusions in a brief format, it is necessary to caution that

these formulations are not true descriptions of our views in theirs indi-

vidualities and details, but only broad indications of their general con-

tent.

The comprehensive nuclear risk study emerged in the U.S., and it is also

the U.S. studies, notably WASH-1400, which have strongly influenced subsequent

studies mad, in other countries. WASH-1400 is representative of what may
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be called the main line of energy risk assessments, namely those concerned

with reactor safety. Another important such study, modelled on WASH-1400,

is the German risk study of 1979. This kind of studies have been produced

in the U.S., Sweden and Germany, but not in the U.K. or Canada.

Two other types of risk studies are those concerned with the disposal of

nuclear wastes and with comparisons of different sources of energy. Such

studies have been made primarily in Sweden, but also Germany and Canada.

Most conspicuous is the lack of formal risk studies in the U.K. and the

near-lack of them in Canada. One can here see a clear connection between

risk studies and national political cultures. One paradigm style of political

culture can be called adversarial and is traditionally associated with

the U.S. It is characterised by the principles of direct public accountability

and legal challenge on all matters involving adrainstrative decisions. Its

roots lie in the idea of a variety of interests which balance each other.

To some extent, this style is present also in Western Germany.

Nuclear risk management in an adversarial political culture is spread over-

large number of institutions and interests, in the U.S. over four major

federal depertments, at least two counterpart agencies in each state, many

local government bodies, some 44 private electricity supply companies,

at least two dozen congressional committees, and the courts. In such an

atmosphere decisions are made through a complex set of binding, formal

regulations with quantified specifications. Many electricity suppliers

are small, without qualified in-house expertise, and the style is to follow

the rules to the letter, with the regulators acting as supervisors. Since

most decisions can be legally challenged, it is necessary to be able to

prove that one has a firm basis for one's decisions. Risk studies therefore

become important public documents, carefully scrutinised for technical

accuracy. The U.S. studies are also the ones which are most "technical"

in appearance, with the possible exception of the German risk study, and

least "political" (which is not meant to imply anything about the intentions

behind their initiation).
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By contrast, the British operate through a consensual form of government,

based on the principles of compromise, consultation, accomodation and trust.

Safety regulation operates through a kind of club of specialists who are

not only highly trained and experienced, but who also believe in professional

competence, which can result in an unintentional disdain of 'lay' opinion

and a difficulty in communications with the ordinary public. Risk studies

are of course made in Britain too, but they are not made public, not open

to challenge by independent scientists, and it is not clear to what extent

decisions rely on them. Nuclear power is operated by'monopoly public suppliers

with qualified in-house expertise, who can act on an equal footing with

manufacturers and regulating bodies. As. to be expected, much of this also

applies to Canada, although some elements of the U.S. style have found

their way into the Canadian system.

The Swedish style is basically consensual, though it pursues this aim,

not in seclusion as the British, but out in the open, with frequent public

participation. The main contrast to Britain is that the public has a right

to information; the contrast to the U.S. is that it does not have the right

to have its case tried by an independent body, but has to rely on the fairness

of the government. Sweden is also like Britain in that the regulatory style

is cooperative and informal. For the risk studies, the information aspect

is the more'important one, which means that Sweden has come produce a large

number of risk studies, although of a more "political" apprearance than

the U.S. onas and the German risk study.

Although the different political systems of the five nations in this study

have proved to provide soils of very different fertilities for major risk

studies, the risk studies have not grown up more or less spontaneously

even in the U.S. or Sweden, for it has always been possible to find a clear

political reason behind the initiation of each study. For the classical

reactor safety studies—those in the WASH-1400 style—it is clear that

a desire to further nuclear power and the nuclear industry was a strong

contributing factor to the commissioning of these studies. For the studies

concerned with nuclear wastes and with comparisons of different sources

of energy, the situation is not so clear. But the general conclusion holds
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for these studies too: the major risk assessments were primarily political

instuments, and not scientific or technological ones.

It is interesting to note that this fact stands in clear contrast to what

we have found about the actual effects of the risk studies. Among the effects,

one can distinguish between a public dimension, referring to the effects

on society at large, and on public attitude towards nuclear power in parti-

cular, and a private dimension, referring to the effects of the studies

on the nuclear establishment itself.

Despite the, on the balance, favourable.conclusions for nuclear power,

the risk studies have not moderated the growing opposition to nuclear power,

although it can probably be claimed that politicians have been convinced,

if not that nuclear power is desirable, at least that reactor safety is

not its major weakness. Instead, the critics have directed their atten-

tion to other questions, such as storage of wastes and economic problems.

The overall reaction in the media was muted. Risk questions received less

coverage than e.g. the economics of energy and broad questions of select-

ing energy strategies for the futu.e. With some exceptions, media coverage

was balanced and factually accurate, but it also tended to regard the risk

reports as isolated news items and did not try or succeed to put them into

the general perspective of how society grapples with the issues of nuclear

safety.

If the impact of the risk studies in its public dimension was largely unin-

pressive, this was not the case in the private dimension. The studies have

had an extensive and deep influence on safety work, and their methods pene-

trate safety thinking. They have to a large extent affected the design

of the plants which have been planned and built during the latter part

of the seventies. They have focussed the attention on things which were

previously ignored or treated lightly: that the combination of several

failures of a commonplace nature can be as important a risk as a large

pipe break; the importance of quality control, particularly with respect
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to pressure vessels and pipes; and the importance of control room and ope-

rator panel design in connection with the prevention of operator errors.

Also with respect to institutional organisation have the risk studies had

important effects, particularly in Sweden and the U.S., although it is

difficult to separate the influence of the risk studies from that of the

Three Mile Island accident.

The comprehensive nuclear risk study has been used as- an instrument to

satisfy many needs simultaneously. It has been successful in some cases

and less so in others. The trend we now see is the splitting up of the

genre into more special types of studies, each tailored for a separate

need. One such need is the more plant specific study which will help narrow

the gap between theoretical considerations and practical experience. Another

development is the emergence of a much broader discussion relating to national

energy strategies. Finally, the incorporation of the publicly credible

scientific critic into the debate is a development which can be seen as

an institutionalisation of nuclear opposition and a way to come to grips

with complex technical questions of wide social importance.

Other project reports

Swedish national study: Bengt Hansson, The impact of risk studies, Report

EP 4-83, Episteme, Lund, 1983.

U.S. national study: Roger E. Kasperson, Risk assessment following crisis:

a retrospective assessment of the Kemeny commission report. Center

for Technology, Environment, and -Development, Clark University, 1982.

West German national study: H. Paschen, G. Bechmann, G. Friedrichs, F.

Gloede, and F.W. Heuser, Managing nuclear risk in the Federal Repub-

lic of Germany, Kernforschungszentrum, Karlsruhe, 1982.

British national study. Timothy O'Riordan, Coping with the risks of nuclear

power plants in the United Kingdom, School of environmental sciences,

University of East Anglia, 1982.



63

Canadian national study: James E. Dooley and John B. Robinson, Nuclear

risk management in Canada: an examination of the Ontario Royal Com-

mission on Electric power planning, Institute for environmental stu-

dies, University of Toronto, and Department of man-environmental

studies, University of Waterloo, 1982.

Substudies in the Swedish part (in Swedish)

(The substudies are reviewed in English in the Swedish national study.)

Kent Asp and Christina Valdensjo, Anva'ndningen av energiutredningar som rt-

ferenser under 1980 3rs folkomröstning. En innehällsanalys av Rapport,

Dagens Nyheter, Aftonbladet och Boris Tidning (The use of energy risk

studies as references during the 1980 referendum campaign. A content

analysis of Rapport, Dagens Nyheter, Aftonbladet and Boras Tidning),

Report EP 1-81, Episteme, Lund, 1981.

Stephan Schmidt, Atomkraftens risker. Frän sannolikhetsbedömning till folk-

omröstning (The risk's of nuclear power. From probability assessments

to the referendum), Report EP 2-81, Episteme, Lund, 1981.

Peter Palmkvist, Hur n^dde energiinformationen beslutsfattarna? En inter-

vjuundersokning med tio svenska riksdagspolitiker (How did information

about energy reach the decision makers? Interviews with ten Swedish

parliamentarians), Report EP 1-82, Episteme, Lund, 1982.

Bengt Hansson, Riskstudier och teknisk forskning. En intervjuundersokning

av hur nägra större svenska riskstudier päverkat den tekniska forsk-

ningen (Risk studies and technical research. An interview investiga-

tion of how some major Swedish risk studies have affected technical

research), Report EP 2-82, Episteme, Lund, 1982.

Bengt Hansson, Saklighet och riktighet i tre tidningars nyhetsbevakning

av energiriskstudier (Objectivity and correctness in the news coverage

of energy risk studies in three newspapers), Report EP 3-82, Episteme,

Lund, 1982.



64

Bengt Hansson, Riskstudier och praktiskt sä'kerhe^cjrbete. En intervjuunder-

sökning av hur nägra större svenska riskstudier päverkat dot faktiska

säkerhetsarbetet inom den svenska kä'rnkraftsindustrin (Risk studies

and practical safety work. An interview investigation of how some

major Swedish risk studies have affected actual safety work in the

Swedish nuclear industry), Report EP 4-82, Episteme, Lund, 1982.



THE DE1JER INSTITUTE
"I he lotirrnjtionnl Institute for Energy and Human EcoloGV
The Ruyal Swedish Academy for Sciences O c t o b e r 1 982

GENERAL INFORMATION

The International Institute for Energy and Human Ecology,
(The Beijer Institute), was founded as a result of a
donation from the Kjell and Märta Beijer Foundation to
•the Royal Swedish Academy of Sciences and began work in
November 1977.

The following is an extract from its Standing Instruction:

"The Institute shall initiate, promote and carry
out research in the field of energy and human
ecology, particularly with regard to Man's utili-
zation of energy resources and the effects of this
on the human environment. The Institute shall
also disseminate information on research being

. done in this field.

Research shall primarily be concerned with long-
term issues of international importance. The
Institute itself shall decide the lines along
which research is to be carried out and such
decision shall be independent of national and
international interest groups."

The Institute is governed by an International Board and is
one of the Scientific Institutes of the Royal Swedish Academy
of Sciences. Project funding and/or sponsorship is obtained
from various internationa.1. agencies e.g. GTZ/GATE (FRG) ;
Netherlands Development Agency; SIDA; Swedish Agency for
Research Co-operation (SAREC); Swedish Energy R&D Commission;
UN Environment Programme; USSR Academy.of Sciences/ Rockefeller
Foundation.

After an exploratory period of programme planning and develop-
ment the Institute is now active in research in three broadly
interrelated themes:

1. Improved Energy Utilization in Developing Countries.
Following earlier exploratory studies in Kenya a major
research project is presently being undertaken together
with the Energy Ministry of Kenya aimed at providing a
better understanding of available future energy policy
options, especially regarding fuel-wood.

The institute is also assisting with energy planning
policy for the Government of Ethiopia and the Seychelles.
Following the Kenya project, the Institute has now been
requested to organize a major energy policy meeting for
the nine SADCC states, focussing on national and regional
energy development prospects. An International Producer

...21

Address: - Office: Talnphone1 Te'fjx: Cahl.:
Box ÜC005 Liüö Frescj'.ivrigen A 03-1604 00 1 7073 royaccil s Royac-ci

S-10-1 CG Stocviclm, Swudan Fioicili

_ ^ A — _



-2-

Gas Group has recently been established at the Institute
for information exchange and feasibility studies of pro-
ducer gas opportunities in developing countries. A more
technically orientated programme which studios the development
of certain biomass fuel technologies and their adaptation "•
to the needs of developing countries has begun. In co-operation,
with a number of aid agencies and developing countries a pro-
ject on "Coal Resources and their Exploitation in Developing
Countries" is now being started.

2. Energy Risk Management.
Following the appearance of its book on "Energy Risk Management"
(Academic Press 1980) the Institute is presently working on a
project funded by the Swedish Energy Research Commission. The
aim is to evaluate the impact of major Swedish energy risk
studies in an international and societal perspective.

3. The European Transition from Oil.
The~Insti"tute has been involved in three studies; "Institu-
tional and Environmental Constraints on the Transition from
Oil", "Environmental Implications of Expanded Coal Utilization"
and a preliminary study on "Co-operation Between Oil-exporting
and Oil-importing Countries, the Case of Nordic Co-operation".
Following this work, the Institute is now also developing
projects on "Institutional/Economic Aspects of Regional Energy
Development" focussing on prospects for East/West information
exchange on environmental and technical issues concerning coa, •
exploitation and use.

Project work is usually carried out by a network of affiliated
scientists and other experts, co-ordinated ans supervised by
Senior Core Staff. A series of books and reports have been pub-
lished on the topics outlined above. They are available either
through bookstores or directly from the Institute.

Beijer Institute Core StaJf_f:

Professor Gordon T. Goodman, Director
Dr. Lars A. Kristoferson, Scientific Programme Officer
Professor Philip O'Keefe, Project Leader, (Kenya and SADCC)
Dr. Richard Hosier, Research Fellow (Kenya and SADCC)
Dr. Michael Chadwick, Project Leader (Coal Programmes)
Dr. Nicolas Highton, Research Fellow (Coal Programmes)
Dr. Björn Kjellström, Project Leader (Producer Gas)
Mr. Per Johan Svenningsson, Project Leader (Fuel Technologies)
Mrs. Molly Akerlund, Administrative Assistant to the Director
Miss Wendy Fryer, International Administrative Assistant
Miss Pirjo Närhilä, Administrative Assistant


