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AN ICONOCLASTIC VIEW

THE ASSESSMENT
OF THE RISKS
OF ENERGY

Collaboration between industry and regulatory authorities in the UK has reduced the levels of risk from all
current energy sources to a reasonably low level. “The real question is not ‘is an energy source too
dangerous to use’ but rather ‘are the costs of making it safe enough so high that it becomes
uneconomic’? Technology is now sufficiently developed that any process can be made safe enough if the

necessary resources can be brought to bear.”

This was the peroration to the 49th Melchett Lecture of the
Institute of Energy* given in London on 26 November by
H.J. Dunster, CB, current Deputy Director General of the
Health and Safety Executive and Director of the Nuclear
Installations Inspectorate and Director-designate of the
National Radiological Protection Board. He concluded that
while phrases such as ‘‘safety considerations are paramount’’
could be seen as useful slogans, they were a totally inadequate
basis for making decisions.

Definitions

Risk assessment was a process that was as old as man himself,
said Mr Dunster; but we had recently tended to elevate it to a
science or, at least, to an art form. ““Our society has become
self-conscious about risks. They no longer appear to us as
part of our natural environment,”” he said. ‘‘Most risks are
now thought of as an artificial feature of our lives and, what
is more, a feature which ought to be brought under control.

‘‘Risk assessment has become the deliberate process of ex-
amining human activities, or the situations in which man
finds himself, with the aim of identifying the various
deleterious outcomes and estimating as quantitatively as
possible the probability of their occurrence. . . . Having
established and quantified our risks we now have to decide to
do something with then. Clearly our decisions on what to do
will be affected by our attitude towards the risks, and our
desire to hang labels on things has produced the concept of
‘the perception of risk’. All this means in fact is that people
are more frightened of some things than they are of others,
even when logic would suggest that the two outcomes are
similarly undesirable.”’

Mr Dunster set out to take an iconoclastic view of risk
assessment. ‘‘If we take the perception of risk seriously, and
it is hard to see how we can avoid doing so if we are to use the
assessment of risk in making practical decisions, we have to
recognise not only that each individual fears some things
more than others but also that individuals differ amongst
themselves,”’ he said. ‘“The weighting factor for one risk
against another may be much greater than unity for one in-
dividual and much less than unity for another. Finally, to
make life even more difficult, these weighting factors, even if
they can be defined and determined, are often volatile func-
tions of time. Risks may suddenly spring into prominence in
people’s minds, not only to the extent to which they have been
given additional information, but also because the way that

The full text of Mr Dunster’s lecture and of the discussion which
followed it will be published in a forthcoming issue of Energy World,
the journal of the Institute of Energy.

Mr Dunster

the information is presented, and the extent to which it is
repeated, sharply influences their response to the informa-
tion.

*“None of this is new to industrialists (particularly if they
are selling to the public) or to Government officials and
politicians. It appears to have been more surprising to those
who sit in less robust environments and produce reports on
risk assessment. It is a natural progression from discussions
of risk assessment, to considerations of the perceptions of
risk, on to the idea of the acceptability of risks. This is
altogether a different proposition. Risks are accepted by in-
dividuals on behalf of themselves or their families, by
manufacturers on behalf of their customers, by officials such
as inspectors on behalf of the people they are aiming to pro-
tect, and by governments on behalf of the people as a whole.
Individuals often have to accept risks which they regard as
undesirable, and the word unacceptable is sometimes used of
such risks. However, if this word is used in its strict sense a
risk which is genuinely unacceptable has to be modified
regardless of cost, even to the extent of abandoning the
process giving rise to the risk.

““In less extreme situations, a risk becomes acceptable when
it is seen to be associated with adequate off-setting benefits
and when it cannot be further reduced by reasonably sensible
means. Acceptability is essentially a concept of cost-benefit
analysis. The risks can with some difficulty be incorporated
into the costs of a product or operation, but there then has to
be a balancing against benefits. The assessment of risk and its
evaluation in terms of perception cannot by themselves lead
to decisions about acceptability.”

Risk management was a useful general term to describe the
process of identifying risks, establishing their nature, quality
and magnitude; taking action to eliminate or reduce the
identified risks where this could be reasonably achieved; and
finally establishing whether the remaining risks were
acceptable to those at risk, or at least to those who made
decisions on their behalf.

““There has been no shortage of work on the risks of
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Turbine plant—here, that at the Hunterston B AGR station operated by the South of Scotland Electricity
Board—does not mind what fuel is used to raise steam to drive it. Does the choice of fuel have an impact on

society?

various forms of energy production over the past decades or
even centuries,”” said Mr Dunster. ‘“What is apparently new,
and what has certainly become a growth industry in the last
few years, is the attempt to make quantitative comparisons
between the risks of various sources of energy. The idea of
such comparisons goes back some time, and I can remember
more than 20 years ago discussions in the atomic energy in-
dustry about the advisability of attempting to establish
estimates of risks from other sources of energy as a form of
defence against the already apparent fear of nuclear energy.
Those original discussions led to nothing primarily, I believe,
because of the belief widely held at that time in the advertising
business that it did no good in the long run to ‘knock the
competition’.”’

The first reports of comparisons of energy sources,
specifically sources of energy for electricity generation, began
to appear in the middle of the 1970s, but the turning point
came with the piblication of the first report by Herbert
Inhaber, then with the Atomic Energy Control Board in
Canada, in 1978 [Report AECB 1119, March 1978; ATOM
262, August 1978, p. 223]. This report was the first to create
any widespread interest in the topic, partly because it ex-
plored a much wider range of possible energy sources than
had previously been brought together in one comparison,
partly because its results were fairly dramatic and unexpected,
and partly because its scale of ambition made it easy to
criticise. Several improved versions had resulted from the
private and public criticism which that report attracted.
These, and many other subsequent publications, had
demonstrated that the comparisons were far from straight-
forward conceptually and exceedingly difficult to make in
quantitative terms which were consistent across the whole
range of possible energy sources.

The first objective of all this work was almost certainly the
original qualitative one—to demonstrate that nuclear power
was not alone in presenting risks to members of the public
and, further, that these risks were, in real quantitative terms,
smaller than those associated with most other energy sources,
said Mr Dunster. Subsequently, however, quite substantial
resources had been devoted to attempts to improve the com-
parability of the figures and to improve their precision.
Decisions had to be made about the starting and end points of
the operation—should one consider, for example, the risks
associated with the production of the raw materials to be used
in the construction of a power station? The next move was to
decide what risk to take into account. Data were fairly readily
available on accidental deaths and rather less reliably on
serious injuries to workers. Accidents causing minor injuries,
involving short absences from work, were widely reported but
the reported frequency depended heavily on the quality of the
reporting procedures and on local social situations, which in-
fluenced the length of time off work which a particular injury
caused. Uncertainties in these accident rates by a factor of
two or three were commonplace.

Health effects were notoriously difficult to assess, The for-
mal records were often incomplete because occupationally-
induced illnesses were not always easily distinguished from
similar conditions with other causes. Indirect methods were
sometimes used to forecast low frequencies of health effects
due to current exposures from a knowledge of higher present
frequencies resulting from earlier higher exposures: for ex-
ample, the incidence of lung cancer in asbestos workers cur-
rently exposed was the subject of direct and continuing
epidemiological studies. Meanwhile, however, the best
estimates of the future incidence was that obtained by
downward extrapolation from earlier epidemiological work.
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This indirect approach was even more necessary for the
assessment of the frequency of health effects in the general
public resulting from industrial air pollution. Direct
epidemiology could detect differences between population
groups but could rarely attribute these differences to specific
pollutants. Downward extrapolation from, for example, oc-
cupational studies could indicate the possible magnitude of
effects on the public, although the basis of extrapolation was
often extremely tenuous. The resulting estimates were cor-
respondingly uncertain and gave rise to substantial and
sometimes bitter disagreement. In the nuclear industry,
detailed environmental and metabolic models were set up to
estimate the radiation doses to workers and members of the
public, and the studies were extended downward, to levels of
dose which were minute compared with the natural levels of
radiation background, and forward, into the future for
thousands and sometimes millions of years. A simplistic
linear relationship was then used to convert these calculated
doses into health efrects, usually deaths from cancer. More
conventional pollutants were usually dealt with very dif-
ferently. If the energy source was only a minor contributor to
the total exposure to a particular pollutant that minor con-
tribution was ignored. Other pollutants, such as sulphur
dioxide and oxides of nitrogen, were usually assumed to have
some threshold below which there was no significant effect on
human health, although there might still be damage to the
environment.

““My personal view is that the proper treatment lies
somewhere between these extremes,”” said Mr Dunster.
‘‘Radiation doses below some fraction of natural background
should, in my view, be ignored for the comparison studies
and, with even greater emphasis, in the making of decisions
which involve the deployment of resources. By contrast, |
suspect that we may be paying too little attention to some of
the potentially carcinogenic materials emitted in the com-
bustion of fossil fuels, with their possible return to man
through deposition and recycling by environmental processes.
For these materials, the linear extrapolation may be as valid
as it is conventionally taken to be for ionising radiation.

““All these problems apply in the apparently simple com-
parison of the risks associated with whole systems of energy
production as they currently exist or as they can be predicted
to exist at some point in the future. But even if these problems
can be adequately overcome and fair comparisons made,
these comparisons are no basis for deciding such questions as
‘should the next electricity generating station be fossil-
fuelled, nuclear, or based on some renewable resource?” To
provide the risk input to such decisions we need to know the
effect on the risks of existing systems of making marginal
changes and the effects of the initial introduction of stations
of a new type. The risks per unit of electricity sent out from
these marginal changes may be very different from those of
the system as a whole.”

An index of woe
Given all the difficulties it was hardly surprising that the
published estimates of the levels of risk per unit of electricity
sent out varied widely, said Mr Dunster. In 1980 Cohen and
Pritchard of the Health and Safety Executive completed a
review of major publications in the field [ATOM 292, February
1981, p. 51]. They did not add together all the various possible
effects in order to arrive at some unified ‘‘index of woe’’;
with less restraint, and to give some idea of the overall range
of values, Mr Dunster did make some attempt to add together
all the estimated deaths other than those occurring in major
disasters. (In fact, such disasters made very little contribution
to the total death rate, though they played of course a major
part in the public’s reaction to different sorts of industrial
situation.)

The results, he said, could be best summarised in terms of

Which rank higher: risks from coal (left)

the expected number of deaths resulting from the operation of
a 1000 megawatt generating station, taking an average
station over the whole of the generating system. The figures
had been standardised to a load factor of 0-75, although their
accuracy did not justify this sort of adjustment. The results
for ten major studies showed coal at 0-6-10 deaths per station
year; oil at 0-1-1-5 deaths per station year; and nuclear at
0-1-1 deaths per station year. If certain American views on
the lethal effects of exposure to low concentrations of
sulphur dioxide were taken at their face value, the upper
limits for both coal and oil amounted to about 100 deaths per
station year.

“‘Figures such as these may well have had some effect on
the decisions in the United States on the removal of sulphur
from power station off-gases and on the use of low sulphur
fuel, but their validity is very widely questioned,’’ said Mr
Dunster. “‘It these very high values are ignored, the
logarithmic means of the various estimates—and I should
emphasise that these means have very little real
significance—come out as coal, 2-5 deaths per station year;
oil, 0-38 deaths per station year; and nuclear, 0-3 deaths per
station year.

*‘Beyond suggesting that coal is a rather more dangerous fuel
than oil or nuclear material, these numbers by themselves have
little significance. Since a generating station of this size serves
rather less than one million people and the associated in-
dustrial infrastructure, the number of deaths directly caused
by the station is very small compared with those occurring
naturally in the population served. There will be about 14 000
deaths a vear in a population of one million. While this fact
makes it clear that the deaths directly associated with the
generating station make no real difference to the overall
mortality of the area in which the station is placed, the pre-
existing deaths provide absolutely no justification for any ad-
ditional deaths. The numbers do, however, suggest that, if the
objective is to reduce the number of premature deaths in the
population as a whole, there may be better ways of doing it
than by paying attention to the deaths concerned with the
generation of electricity.”
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. or peat burning?

Bord na Mona, Dublin

The risks of using energy v. the benefits

If there was any merit in comparing the risks of producing
energy from different sources, there should also be some
merit in comparing the risks of wsing different forms of
energy. Thus, the use of electricity in the home gave rise to
some deaths from electrocution and the use of natural gas
caused some deaths from explosions. The use of petrol and
diesel fuel in vehicles produced a very substantial risk for
those who use the roads; and it might also give rise to health
effects either from combustion products or because of the
addition of lead compounds to petrol. '

The benefits of using energy, similarly, was too wide a sub-
ject to explore in any detail. Many, however, considered that
we used energy wastefully and for unnecessary purposes. *‘I
do not doubt that we waste it, but avoiding that waste by so-
called energy conservation programmes is a lot more difficult
than is sometimes pretended,’’ said Mr Dunster. “Improving
the insulation of houses undoubtedly saves energy if the
internal temperatures remain the same. But in practice many
people take advantage of the insulation to improve their
standard of comfort. Many of the allegedly unnecessary uses
of energy are regarded by the users as ways of improving their
quality of life. While such improvements may not be
essential, they certainly have my whole-hearted support.

““‘I mention these points merely to emphasise that the em-
phasis on risk tends to give an unbalanced picture. If we are
wishing to make a judgment about the merits of being an
energy-consuming society we must consider not only the risks
of generation and use but also the benefits. Perhaps, more
importantly, we must take into account the risks of providing
too little energy, or energy at too high a price.”’

Consideration of risks ought not to play a decisive part,
and perhaps not even a significant part, in the decisions we
made about the production and use of energy: but did risk
estimates play a part in the decisions in practice? *I do not
really know, but on the whole I doubt it,’’ said Mr Dunster,
““Certainly it is thought that the risks play a major part in
decisions about nuclear power, but in this case it seems likely
that it is the perception of risk—a sense of fear—which is

important, not the risk itself. The fear would probably be
overcome if the need for nuclear energy were much more
imminent and the lead times much shorter.”

It was clearly necessary to ask whether all these assessments
of risk were a waste of time. Fortunately, the answer was no;
the assessment of risk has at least three different functions:

® to contribute to major strategies and choices—for
example, the choice of the appropriate mixture of energy
sources;

@ to identify cost effective ways of reducing risks in the pro-
jects resulting from these major decisions and to help
decide when further reduction in risk was not justified;

® and to improve the understanding of the risk-producing
mechanisms and thus to identify safer options in design
and operating methods.

These three functions were not fully distinct; and a fourth was
sometimes suggested. ‘‘Because of the influence that is at-
tributed to the perception of risk, it is important to know
whether this influence is benign from the point of view of
society. In practice, governments, officials and industrialists
all have, on occasion, to make decisions which they know not
to reflect the popular view. They do this because they see it as
being in some way the right thing to do—in other words,
because they see the popular perception as not being in the
best interests of society, or of that part of society which they
judge to be important in the context. There is, however, a
limit to the extent and frequency of such unpopular decisions.
One of the arts of good government and good management is
to identify this limit in advance. Seeing it by hindsight is only
too easy.”

Decisions of this kind were particularly difficult to take
rationally where risks were involved, because of the enormous
range of human reaction to risks which seemed in objective
terms to be comparable. There was a very natural temptation
to treat this range of reaction as fundamentally irrational and
to imagine that well-presented accounts of the true risks
would encourage people to react in a way which, if not pro-
portional to the risk, at least ranked their concern in broadly
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the same order as the risks themselves. Used in this way risk
assessment would have an educational function or, from
another point of view, a propagandist function—and therein
lay the problem.

““People’s attitudes to risk range from a complete lack of
concern, through vague worries that may be put at rest by
authoritative assurances of ‘safety’, to real fear. They can be
moved along this spectrum by the media and by vociferous
zealots of all kinds.

Quantitative risk assessment may seem neutral, but it may
engender fear where none existed before and it probably does
this more often than it soothes worried breasts. Indeed, risk
assessment can be used in a deliberate way to create a desired
impression. It then produces counter attacks from those with
different objectives, and the ‘experts’ become polarised.
Whether this is a good or a bad thing is now an academic
question. Risk assessors are already polarised and the
position of those who use risk assessment as a neutral tool has
become very difficult.”

The difficulty was illustrated by the position of the Health
and Safety Executive. Where the issues were emotive—and
most health and safety issues fell into this category—a central
position won the executive few friends. ‘‘There is no single im-
partial position. The atomic energy industry sees clearly the
need to discuss risks openly and usually without deliberate dis-
tortion. But it naturally likes to take an optimistic view where
it reasonably can. Much of the rest of industry is still unwilling
to make any contribution to the public debate on risks and
when it does it usually emphasises the ‘expert’ nature of the
problem. Equally naturally, pressure groups wish to em-
phasise the dangers of the projects which they are opposing
and sometimes adopt extreme views.’’ In such situations the
position of the Health and Safety Executive was extremely
difficult. “‘In reality, our instinct is to be protective, perhaps
even a little over-protective, but our views are tempered by
the recognition that a risk-free society is not an available
option and that most people are willing to accept some risk if
their creature comforts are enhanced. Unfortunately, the
trade-off is rarely a direct one—often the risks come from one
source and the creature comforts from another. The trade-off
then has to be viewed broadly across the whole economy.”’

There was a great need to clarify the position and the
limitations of the expert, said Mr Dunster. ‘‘Unfortunately,
there is a substantial vested interest in avoiding this clarifica-
tion. Governments like to say that they have accepted the
advice of expert committees—if they are right they appear
enlightened, if they are wrong it was the fault of the experts.
Professional bodies find the title ‘expert’ gives them status
and influence and they ride the word as far as it will take
them. Individuals claim an almost ex cathedra standing for
views which are often far beyond the true limits of their ex-
pertise. And representative bodies, such as trade unions, local
authorities, and local public interest groups and, for that
matter, industrial managements, all of whom should know
better, often find it more effective to field an expert on their
behalf rather than to clarify the issues and to treat their
representatives for what they really are—negotiators. . . .

‘““Energy production is increasingly dependent on complex
technology. No longer can we say of coal ‘great stuff—all you
have to do is to burn it’. No one would choose to tackle the
technical problems of nuclear power and its fuel cycle if there
were easier alternatives. In such situations, when industry is
both large scale and technically complex, it matters a great
deal that the experts and the decision makers should achieve
the proper relationship. Technically wrong decisions can be
desperately expensive. Technically sound but insensitive deci-
sions can severely damage, perhaps even destroy, a sub-
stantial block of industry.

‘] believe that we are evolving a fair approximation to this
proper relationship in much of the health and safety field. I

also believe that the concept of the Health and Safety Com-
mission, with its emphasis on broad consultation (not only with
experts) and on negotiation was a great advance. It is
sometimes accused of being slow, but that comment pre-
supposes some appropriate rate of progress. For most of the
time, regulation ought to develop slowly—instant govern-
ment is often unsuccessful and is rarely necessary.”

Conclusions

Mr Dunster recalled the comments of the HSE in their
foreword to the Cohen and Pritchard report cited earlier, on
the comparative risks of electricity production systems. The
HSE said:

We agree with the general conclusion of the authors that suitably
sited, constructed and maintained nuclear systems of the types
reviewed involve no more, and probably less, risk than oil- or coal-
burning systems, taking account in each case of the whole fuel
cycle. We doubt if further comparative studies would greatly refine
this conclusion. These views do not lessen the importance of health
and safety considerations for whatever system is chosen. Rather,
they emphasise the need, in determining a suitable mixture of
energy sources, to see these risks in perspective. Such a perspective
should take account of the risks associated with everyday life; of the
fact that there is no such thing as a totally risk-free society; and of
the economic, social, and health risks of a failure to provide
adequate supplies of energy.”’

This conclusion, he said, was at variance with some widely
published views, but it did nothing more than recognise the
fact that the collaboration between industry and regulatory
authorities in the UK had reduced the levels of risk from all
the current energy sources to a reasonably low level. It was to
be expected that any new unconventional source would be
subjected to the same sorts of process and its risks would be
brought broadly into line with the present level. ‘““The real ques-
tionis not ‘is an energy source too dangerous to use?’ but rather
‘are the costs of making it safe enough so high that it becomes
uneconomic?’,”” he said. ‘‘Technology is now sufficiently
developed that any process can be made safe enough if the
necessary resources can be brought to bear. In this context,
phrases such as ‘safety considerations are paramount’ can be
seen as useful slogans but as a totally inadequate basis for
making decisions. That is why we must all recognise and
accept that these are not and should not be matters for the
‘expert’ alone. But the solution is not to exclude the expert
from the fields beyond his expertise but rather to persuade
him to extend his range of activity and to recognise that he
has a contribuu.on to make beyond his expertise, but in a
clearly identified capacity.”

Mr Dunster concluded: *‘I believe that risks should be
reduced whenever and wherever that can reasonably be done,
but I think we agonise about man-made risks more than is
good for us. Energy policy is not, or at least should not be,
significantly affected by the risks of producing and
distributing energy. It may be influenced by people’s fear of
those risks and that is a real factor, not to be dismissed as ir-
rational. Some people play on those fears, others are blandly
reassuring. Both groups need to examine their consciences
and to remember the material used to surface and no doubt
repeatedly to resurface the road to hell.

““The role of the expert is often misunderstood—as often
by the expert as by the politician. Scientists and engineers
have a major role to play in our present energy-dependent
society, and this role goes far beyond that of the expert. In
that extension, a university chair should be no more, and no
less, influential than a soapbox in Hyde Park.

““We must have energy; we shall always have risks. I
believe that the machinery which we have in this country for
getting the balance right is broadly satisfactory. I wish I could
be as certain about the arrangements elsewhere.”’ O
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FAST REACTOR
FUEL CYCLES

The case for continuing the demonstration and
installation of the fast reactor system with the
present momentum and without discontinuity re-
mains very strong and a very valuable component
of world energy strategy, Dr T.N. Marsham,
managing director of the Northern Division of the
UKAEA and a member of the Authority Board,
urged at the opening of an international conference
on fast reactor fuel cycles in London in early
November.*

Dr Marsham recalled the remark of the American author
Mark Twain—that the trouble with the weather was that
everybody talked about it and nobody did anything about it.
“For many years and in many of the world’s fast reactor
programmes I felt that this was true about fast reactor fuel
reprocessing also,”” he said. ‘“The papers to this conference
show that the position is changing.

““While I do not share the more pessimistic views that one
sometimes hears about the relative capital costs of fast and
thermal reactors—indeed, we shall not be clear about this for
some time, and certainly not until the requirements for the
degree of protection against remote accidents by engineered
safeguards in comparison with the benefit of the unique
intrinsic safety characteristics of the liquid metal cooled
fast reactor have finally stabilised—nevertheless I am sure we
must all accept that the fast reactor system offers us not a

*The proceedings of the conference will be published by the British
Nuclear Energy Society.

cheap power plant, but a cheap and inexhaustible supply of
fuel. It is high time that we convincingly demonstrated this in
practical terms to supplement the elegant theoretical assess-
ments that have been such a permanent features of fast reactor
conferences for nearly 30 years."”’

Dr Marsham said the basic potential of fast reactor systems
to improve by more than 50-fold the utilisation of uranium
resources and so transform them from a moderate to a major
source of energy had been established increasingly firmly
during those 30 years. This property of fast reactors had been
so robust that it had stood the test of all the changes in the
energy scene and all the assessments to which it had been
subjected.

““In this country our very first Government policy statement
on nuclear power in 1955 laid down the principle of embarking
on nuclear power with thermal reactors, reprocessing their
fuel and conserving the plutonium and depleted uranium for
use in fast reactors,”” Dr Marsham said. ‘‘It also initiated a
parallel development and demonstration of that system
phased so that it would be available for large-scale use in time
to stabilise power costs and uranium needs within available
resources. We are fortunate that this has been a consistent
policy ever since, with the result that the technology is now
very highly developed indeed. If presently known technology
is deployed on an industrial scale there need be no shortage of
fuel for electricity generation, or any significant increase in
its cost for the foreseeable future. Similar views have pre-
vailed in all countries developing nuclear power. The recent
International Nuclear Fuel Cycle Evaluation came to the same
view,
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