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RADIOACTIVE WASTE MANAGEMENT

"PERSPECTIVES”
RE-EXAMINED

Two conferences close in time but far apart in their technical content have been held in London in the
past few months, both under the same title —radioactive waste management in perspective. The first was
a one-day symposium organised jointly by the National Radiological Protection Board and the British
Association for the Advancement of Science, in June; the second was a similar one-day conference
chaired by Professor Bryan Harvey, chairman of the Major Hazards Advisory Committee, in September.

James Daglish reports

The NRPB has now published a synoptic report of the first
meeting”, whose declared aim was to allow those profession-
ally involved in radioactive waste management to tell others
about their work, and in return to learn something of the way
in which their work is viewed in society as a whole. The
symposium was something of a curate’'s egg —good in parts.
The report editor, Marion Hill of the NRPB, wrote in her
summing-up:
"l had hoped that the symposium would be a forum for a wide
ranging discussion of the more controversial aspects of waste
management. Many of the topics which are receiving considerable
attention in radiological protection circles were covered in some
detail in the papers presented here. Yet few of them were taken up
in discussion. This may have been a result of the unfamiliarity of
many of the ideas. If this is the case then there has been a failure in
communication between the ‘experts’ and the ‘public’. The sym-
posium went some way towards rectifying this situation . . . "
—as indeed it must have done, for those attending were
drawn from both Houses of Parliament, representatives of
local authorities, public groups, trades unions, Government
departments, universities, the nuclear industry and the press,
and a good number of individuals known to be concerned
with the subject.

The pity of that first meeting though was that the level of
papers and discussion seemed never to hit quite the right
note. Yet the meeting was still useful, in that it did enable
people from opposite sides of the fence to peer into each
other’s gardens.

The second conference was | thought more successful, in
that the papers were at a uniform high level and matched
their audience; but one could have searched all day among
the participants for people opposed to nuclear power, or
people who simply feel uneasy about current proposals for
radioactive waste management. A ‘‘perspective’’ was drawn
clearly —but only for those who were there to see it.

Objectives

In the first paper C.B. Cope and Dr G.B. Briscoe, from the
Birmingham Radiation Centre, University of Birmingham and
from the Department of Chemistry, University of Aston in
Birmingham respectively, described the fundamental objec-
tives in the management of radioactive wastes: to ensure that
neither process operators nor the public at large receive radia-
tion doses in excess of their respective dose limits. The doses
must be kept as low as is reasonably achievable in accord-
ance with the general principles of radiological protection.
The authors made the point early on that all industries pro-
duce wastes which have no realisable value, and the nuclear
industry is no different from hundreds of others in this

meet stringent and particularly exacting waste management
standards.

Public concern and governmental research in Britain, they
said, is centred on the problem of treatment and safe disposal
of high-level liquid radioactive wastes, but there is less
awareness of other waste management aspects of the
nuclear power industry. Other large areas which warrant
detailed attention, in their view, are the disposal aspects of
uranium mill tailings (not a problem in the UK, but certainly
requiring attention in uranium producer countries); the
substantial volumes of intermediate level wastes which have
no established treatment and disposal technology,; the ac-
cumulation of high-level solid wastes from fuel element de-
cladding; and the substantial volumes of active waste which
will be produced during the next few decades as a result of
plant decommissioning.

“Whilst it is recognised that almost every manufacturing
industry produces waste in the form of by-products, disused
plant or derelict land, the nuclear power industry, if it is to
prove the energy source our nation requires, will need to
demonstrate effectively and persuasively that these problems
have been solved,” the authors wrote. " The cost incurred (or
predicted) needs to be absorbed into present-day pricings to
ensure that the required finance is (or will be) available from
within the industry when these contingent liabilities have to
be faced."”

Professor J.R. Greening, of the University of Edinburgh,
presented a paper on the health effects of ionising radiation
and the likely impact of radioactive waste disposal, confining
his discussion to high-level waste and assuming that it will at
some time be buried deep underground. How might it return
to man?

Prof. Greening recalled that the NRPB had analysed this
question in its report Preliminary assessment of the radio-
logical protection aspects of disposal of high-level waste in
geologic formations (R-69, 1978). By far the most likely route
was found to be that arising from groundwater reaching the
radioactive waste, leaching it out of , and
eventually coming to the surface bringing some of the activity
with it. Here, it would be diluted with other water and might
enter drinking water supplies. In , man might eat
freshwater fish from rivers or lakes into which the ground-
water flowed, or might eat products produced on land irri-
gated by this groundwater. Finally, he might eat fish from the
sea into which the groundwater eventually emptied. Analysis
showed the groundwater route to be substantially greater
than any of the others. Other disposal routes had been in-
vestigated similarly. Finally, an INFCE working group had
concluded (on a number of assumptions) for example that

Its containment

respect; but the nuclear industry must meet and be seen to  from a repository underground containing waste from 100
*Published as a supplement to the NRPB Radiological Protection gigawatt-years Of_ eleCtrm?' energy. proguctio Ihe most

Bulletin No.36, September 1980. exposed group might receive a maximum dose, millions of
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Laboratory preparation of simulated highly active
waste for vitrification, at the Windscale works, in
Cumbria, of British Nuclear Fuels Ltd

years hence, of at most a few per cent of that from natural
sources. Although the analysis was limited by the accuracy of
the model used by the INFCE group, "the uncertainty was
not such as to affect the conclusion that disposal can be
carried out without undue risk to man or the environment.”

Commonsense

All that was very fine. Papers presented at the conference
dealt with the work being done worldwide on the conversion
of high-level waste to solid forms—incorporated in glass,
ceramics, synthetic rock and other materials. Could we be
sure that it would not get out within the first several hundred
years of its decay — the period during which its activity would
be greatest?

"My old chemistry master at school used to ask the ques-
tion ‘Does marble burn?’ and then go round the class until
some boy, either through ignorance or a desire to please,
answered 'yes' —whereupon would come the tart comment
‘Have you ever seen a tombstone on fire?’,”" said Prof.
Greening. "“The purpose of this little ploy was to indicate that
many scientific questions could be answered by the applica-
tion of commonsense and keen observation.” Archeological
discoveries tended to support the view that glasses and some
metals could survive for long periods: “the ancient Egyptians
had the biochemistry and other technology to make a fair job
of preserving a human body for 5 000 years. If they could do
that surely we can keep a glass block reasonably dry for a
lesser period."”’

Prof. Greening continued: ““What of the period beyond a
few hundred years? Although the containment may well sur-
vive for a very extended period one must examine the likely
consequences of eventual failure. Again | shall try a com-
monsense approach.

“Firstly, one can compare the potential hazard of the waste
with that of the uranium ore from which it was produced.
After about 4 000 years the waste has three times the poten-
tial toxicity of the ore from which it was produced, and after
10 000 years it has the same toxicity as that ore. This should
surprise no one as by then it almost entirely /s the original ore.
Thermal reactors use only a fraction of 1 per cent of the
original uranium. It might be said that we are mining ore in
one place and burying it in another where it is almost certainly
safer than where it started because of the effort we will have
made for its containment.

“Alternatively, in the case of land burial we can compare
the activity of the waste with the natural activity of the rocks
above the point of burial. Suppose the rock is granite. Granite

contains about 4 parts per million or uranium-238 and 13 ppm
of thorium-232. If these are in equilibrium with their daughter
products there will be about 2 x 10° curies of natural actinides
per cubic kilometre of granite. | doubt whether it is widely ap-
preciated just how much natural radioactivity there is in the
ground beneath us.

“The NRPB has estimated that by the year 2000 the UK will
have accumulated waste corresponding to the production of
330 GW years of electrical energy. This waste, after decaying
for 1 000 years, will contain 9 x 10° Ci of actinides. Thus 5 km?
of granite will contain as much natural actinide activity. If the
waste is buried at a depth of 1 km, then a 5 km? area of
overlying granite will contain as much actinide activity —in
other words, an area about 1% miles square. This volume of
granite will also contain about 8 x 10" Ci of naturally radio-
active potassium-40. This is about 400 times the fission pro-
duct activity remaining in the radioactive waste."’

Prof. Greening went on to make the same sort of calcula-
tion for disposal on or under the sea bed. He acknowledged
that there are limitations to the commonsense approach, and
that it is necessary for bodies such as the NRPB to make the
detailed analyses they do. Nonetheless, commonsense did
show that it should be possible to contain radioactive waste
for a few thousand years, and that thereafter it would be no
more hazardous than the ore from which it originated. Even if
the waste escaped from its burial site, in itself a point of
doubt, it would make only a tiny change to natural
background radiation.

""Mankind has always lived with this, and | do not think
anyone worries about it,”" he said. "It varies with time at any
one place, depending on such things as recent rainfall and
changes in atmospheric pressure. It varies very much more
from place to place, but | have never heard of anyone moving
from a high to a low background area [to escape radiation
exposure].

At one time | was worried about radioactive waste, but
the more | have learned — and in particular the more | have put
numbers into the problem—the more reassured | have
become. Seen in the perspective of naturally occurring
radioactivity the problem appears to be manageable,
although many detailed data remain to be more accurately
determined.”’

I cannot hope in this report to deal in detail with each
paper. The next, by F.H. Passant, head of the Active Waste
Project, Generation Development and Construction Division,
CEGB, and R.B. Pepper, principal health physicist in the
CEGB Health and Safety Department, described CEGB prac-
tice in the management of wastes arising at CEGB nuclear
power stations.

Dr L.E.J. Roberts, Director of AERE Harwell, then
described high-level waste production and management in
Britain in terms familiar to ATOM readers: see, for example,
Radioactive Waste — Policy and Perspective, ATOM No.267,
January 1979. [It 1s proposed that this latest paper should be
used as the basis for a separate booklet, as was the first.]

Dr Roberts stressed a basic principle in high-level waste
management: that the sequence and most importantly the
timing of operations is determined by the amount and decay
characteristics of the constituents of high-level waste, and
the resulting heat output. Most of the activity in spent fuel
arises of course from fission products of the shortest half
lives; reprocessing and vitrification would not occur until
several years after the discharge of the fuel from the reactor,
during which time the activity of the short-lived species
would have decayed. The activity of vitrified waste would
then be dominated by the decay of strontium-90 and
caesium-137 with half-lives of about 30 years. Between 300
and 3 000 years the americium-241 content would dominate;
the decay product of Am-241 is neptunium-237 with a half-life
of two million years, which becomes the predominant, alpha,
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activity at very long times —although on this timescale the
total activity present will have decayed to very low levels
indeed.

“Various suggestions have been made that the long-lived
actinides might be destroyed by nuclear transmutation pro-
cesses in a reactor in a manner parallel to that of the burning
of plutonium,” said Dr Roberts. ““In such a process the ac-
tinides would be replaced by fission products in substantially
the same proportions as those resulting from the burning of
uranium and plutonium in our present reactors. The very
complex chemical separation processes needed to separate
the actinides from the rare earth fission products, the fabrica-
tion of special fuel elements and the reactor physics of their
transmutation are regarded as feasible to the extent that
potential solutions to the technical problems involved have
been identified. However, a very large research and develop-
ment programme would be required over several decades
before industrial-scale operation could be considered as prac-
ticable and the consensus view is that the reduction of risk in
the long term would be marginal, in comparison with disposal
into suitably selected geological formations, and probably
offset by increased risk associated with increased exposure of
operators of plant and the production of additional volumes
of low-level wastes."

A major consideration in the management of high-level
wastes was their heat output, said Dr Roberts. This decayed
with the same characteristic half-lives as the radioactivity.
Immediately after vitrification a period of cooling would be re-
quired if the waste had been solidified within the few years
after fuel discharge from the reactor, in order to limit the
centre temperatures of the glass blocks to obviate the possi-
bility of devitrification and also to reduce the heat output
from the blocks to limits that could be tolerated within a
repository. Temperature limits would be set by the thermal

stress that could be tolerated, depend ng both on the-rock
temperature adjacent to freshly-emplaced waste containers

and on the bulk rock temperature reached over the volume of
the repository as a whole. Considerations of the convective
flow of groundwater caused by a temperature gradient within
the rock body were also relevant. Theoretical and field

studies were in hand, and it was too early 1o say precisely
what the safe maximum temperatures might be for different
forms of rock; for planning purposes a temperature limit of
100°C had been assumed as a reasonably conservative
estimate. Given this temperature limit a number of designs of
both stores and repositories could be developed by varying
such parameters as waste content and block spacing.
Initially, however, there were considerable technical and
safety advantages in storing the vitrified waste in a store with
simple cooling before final disposal to a repository which
could be sealed and which required no further surveillance:

@ the integrity of the canning and/or over-cladding could be
observed over a considerable period, and remedial
measures taken if necessary;

@® in a store which could be kept dry there was no credible
mechanism by which the activity could spread back into
the environment and the inspection needed would be mini
mal. The waste form would not be attractive to “‘wrong-
doers’’; dispersal would be a very difficult operation.

® The waste blocks in their containers could be monitored
and inspected during the period of maximum heat
emission and consequent maximum temperature gra-
dients;

® no waste blocks would ever be subjected to high
temperatures in a final repository, so that corrosion and
leaching would be limited; and

® geological safety need not be proved under artificial
conditions of high local temperatures.

Talking about safety

The conference reported here was preceded by a similar
meeting the previous day, at which the subject was the
safety of nuclear power installations. The discussion ranged
widely, from a consideration of whether the world needs
nuclear energy at all to near-philosophical debate on how
the industry might improve its communications—both
between those actually engaged in work in the industry,
and between them and the general public.

The first lesson—from the Three Mile Island in-
cident—was drawn by G.M. Jordan, of the UKAEA's
Dounreay establishment, who saw a need for clear
recognition of the importance of public perception. This
perception, he argued, derived not from a balanced objec-
tive examination of technical factors but from intensely
subjective value judgments; and he quoted Alan Wyatt, a
former vice-President of CANATOM:

“One major mistake often made by the technical community is
to assume that it is the technical merits or otherwise of the
technology that are the real and only subjects of scrutiny. That
is very often peripheral; the heart of the matter is social and
political, it is much more related to values, life styles and
dictates of the heart, not the head.”*
Mr Jordan went on: “TMI has justifiably been described as
a communications disaster which did grave harm to the in-
dustry's image. The public communications network
rapidly saturated and became unavailable to State and
Federal agencies having responsibility for the protection of
the public. Highly contradictory statements on the current
and future status of the plant were provided from a
number of sources, thus creating a picture of total con-
fusion which seriously undermined public confidence.
Large gaps in the flow of authoritative information were

*ATtom No.286, August 1980, p.208.

filled in by the less responsible sectors of the media from
commentators who had no significant knowledge of the
incident in particular and nuclear technology in general.

“The lesson can be summarised in a phrase: effective
pre-planning.”

Mr Jordan noted that in September 1977 the Davies-
Besse Unit 1 had suffered an incident of almost uncanny
similarity to TMI. There was a loss of feedwater, the steam
generators boiled dry, the emergency relief valve opened
and stuck, and so on. “The author ventures to suggest
that the details of Davies-Besse may not be known to a
number of nuclear specialists,”” he said drily. “'If this is so it
is a commentary on the adequacy of our methods for the
dissemination of experience. It indicates the need for data
to be provided in a structured form to allow busy designers
and operators to interrogate the sources for information
relevant to their current problems. What is required is not
more reporting, but more effective collation and
dissemination.”

The lessons from TMI were many and various; they had
been taught not at the expense of human life or even
measurable damage to the environment, but at the ex-
pense of damage to the reputation of an industry which
has always held the preservation of safety as its paramount
duty. Mr Jordan recalled a remark made by Lord Hinton
many years ago, to the effect that unlike many other engin-
eering enterprises the nuclear industry could not afford
the luxury of learning by making mistakes. ’If, despite our
endeavours, mistakes do occur we must certainly not
overlook the imperative of learning from them,” he said.
"“The nuclear industry’s response to TMI has been swift
and objective and demonstrates that this lesson has been
well assimilated.”
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The casting of molten, simulated highly active waste
samples at BNFL's Windscale works (above) and (right)
samples prepared for testing of their durability. The

“waste" is incorporated in a borosilicate glass BNFL

“Perspective’’ again

Dr Roberts, like Prof. Greening, turned in the final section of his
paper to comparisons. Three periods could be distinguished
in the management of high-level waste, he said. First, a
period when artificial cooling was desirable. This period
should extend until at least 50 years after discharge from the
reactor, and it might even extend to a period of between 100
and 200 years, after which time the heat emission would have

fallen to low levels and the subsequent cooling rate was slow.
Secondly, a period of several thousand years at least during
which activity could be confined by the engineering of the
container and overpack material and by the durability of the
glass waste form itself, and thirdly a subsequent period in
which the activity would have fallen to comparatively low
levels and the decay was slow, dominated by a few species of
long half-life.

Human factors

Dr D. Embrey, of the Department of Applied Psychology
at the University of Aston in Birmingham, in a paper on
human factors in nuclear safety urged that more resources
should be devoted to human factors engineering. Human
errors were responsible for a wide range of potential
system failures.

“Nuclear power stations are examples of large central-
ised systems in which the implications of human error are
far greater than with other systems in the past,” he said.
“What can we do about human errors?’’

Prof. F.R. Farmer, latterly safety adviser to the UKAEA,
gave as his opinion that the TMI incident did not result
from the failure of an operator on a particular day, but
could well have resulted from the failure of a pattern of
organisation set up in the 1950s. ‘‘The failure was to have
put a man in that situation, to correct something which
was difficult to correct and which could have been more
easily foreseen and corrected if done in the design phase,
or on the maintenance floor,”” he said.

Peter Adams, of the EETPU, said it was pretty well
accepted that the development of nuclear power in Britain
would depend to some extent on the degree of public ac-
ceptance of it. Do you think that the development is
helped or hindered as far as public acceptability is con-
cerned by the development of the PWR in this country,
and if it is hindered should we continue to develop it?"* he
asked.

Prof. Farmer—acknowledging that that was a loaded
question —said he believed it was inevitable that there was
going to be public discussion about reactor safety, no mat-
ter what type of reactor was chosen. /| am anxious that
that discussion should be conducted in a way in which we

try to encourage understanding on both sides,”” he said. I
think there should be an understanding between ourselves
and other bodies that we should try to have a common
language: admitting that there is some risk in carrying out
a fairly advanced form of technological development, but
it is worthwhile—in fact | believe we have no option. We
need energy, and the alternative is worse."’

Dr Embrey said it seemed to him that the point about the
anti-nuclear movement was that the question was not really
about safety of reactors, but about the sort of society
one wanted. Quantitative relative risk criteria were not
really relevant: the real question was what one regarded as
a high “quality of life”’. “'If the pro-nuclear lobby wishes to
win ‘hearts and minds’ it must recognise that this is the
ground on which the debate is conducted,” he said. ““To
that extent | think whether one is pro- or anti-nuclear is an
open question: it is really a question of how one views
technology.” Much of the discussion had centred on how
one communicated ‘risk’’ information to the public: “How
does one communicate ideas of probabilistic risk assess-
ment to the public at large? When one is talking about the
public at large one has to include the decision-makers,
because decision-makers are not necessarily engineers or
mathematicians; | am surprised more work has not been
done in looking at the way people perceive probabilistic
information.”

Prof. Bryan Harvey, conference chairman, put the cap
on the discussion. A lot of people at the conference must
be physicists and engineers, he said; might the “despised
profession” of sociology have something to teach them
about how the problems they had been discussing might be
solved? ‘| suspect that a lot of what we have said is not a
problem to the sociologists.”” L
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"Itis pertinent to point out that the total amount of activity
which remains after a few thousand years of storage is very
low compared with the total radioactivity of the natural en
vironment, even for a very large nuclear programme

“Reserves of workable uranium ores are estimated to
amount to no more than 4 million tonnes. Uranium and thorium
and their daughters are widely dispersed in the earth's
crust, at levels of 1-2 ppm; there is about 4 000 million
tonnes of uranium in the oceans, and about 10'? tonnes of
uranium in the top 1 km of the crust as a whole. Even if all the
4 million te of ores were used in nuclear programmes, the
resulting long-lived component of the high-level waste would
therefore be a minor addition to the natural radioactivity of
the earth (approximately 1/10 000) even if fast reactors were
used to achieve the highest efficiency of fuel use. In the very
long term, of course, the total radioactivity would be slightly
decreased, since nuclear fission results in the formation of
shorter-lived isotopes than the original uranium fuel.”

Dr W. Heimerl, of Eurochemic, Belgium, presented a state
of-the-art review of the vitrification programmes of European
countries— France, the UK, the Fed. Rep. of Germany,
Belgium and Italy —recalling at the outset that the first pro-
posal for the vitrification of high-level wastes was made in the
United States as early as 1951.

In France, early work on the PIVER process had been
followed by the building of the AVM plant at Marcoule [see,
e.g. ATOM No.269, March 1979 for a review of this and other
work in Europe]. Up to April 1980 the AVM plant had vitrified
230 m’ of fission product solutions with a total activity of
about 25 million curies; in total, 108 te of active glass had
been produced in 313 canisters, during a running time of
7 500 hours. The next step would be the construction of a
vitrification plant at Cap de la Hague, which would have a
greater production rate than AVM and should come into
operation in 1986. A third plant, the second at Cap de la
Hague, was planned for commissioning six to 12 months
later. In Britain, considerable work had been done and a full-
scale inactive HARVEST development facility was planned at
BNFL Windscale. The ultimate objective was the construc-
tion of an industrial-scale active vitrification plant at
Windscale, which should be operating in about ten years’
time. BNFL had been considering the possibility of licensing
the French AVM process, but a final decision had not yet
been taken

In Germany, three different processes had been developed:
VERA, at Karlsruhe, FIPS at Jilich, and PAMELA, developed by
the Gelsenberg Company and Eurochemic. In 1977 it had
been decided to focus work on the PAMELA process, as it
seemed to have the best chance of leading quickly to a
demonstration plant. Meanwhile, DWK — the company
having charge of the reprocessing of spent fuel and radio-
active waste conditioning in Germany —had chosen the
French process as its reference design, this being the only
process which was already being tested and demonstrated
actively on an industrial scale. An AVM-type plant, to be
called HOvA, was to be built at the Karlsruhe reprocessing
plant, to come into operation in 1986.

Dr Heimerl said the broad base of vitrification work in
Europe “seems to be reasonable and advantageous in this
field, which is extremely important for the future of nuclear
energy."’

Other immobilisation techniques

Dr F.R. Glasser, Reader in Chemistry at the University of
Aberdeen, reviewed ceramic and concrete forms which might
be used for the immobilisation of high-level wastes, pointing
out that the survival of ceramics, minerals and cement-like
materials in a wide range of relatively uncontrolled natural en-
vironments suggested that they might be durable hosts
Rocks and minerals were known to have survived in essen-

tially unaltered form for 0-5—2x10° years: man-made
ceramics had been made for 10 000 years.

“Engineers, administrators and the public want clear-cut
solutions to the multiplicity of problems raised by radwaste
immobilisation,” he said. “Not surprisingly, therefore, the
question arises: which i1s best - ceramics, glass or cement
form? It is unfortunately not possible to give definite answers
to this deceptively simple question. Firstly, | note that the
problems posed by waste immobilisation have, like the
wastes themselves, been allowed to accumulate. Research
funding —never easy to obtain—has been concentrated
primarily on glass-fusion routes for high-level wastes, and we
know most about the glass routes. Alternative processes
have undergone only piecemeal development, usually on
‘'shoestring’ budgets and without much continuity of funding
Secondly, the field suffers from a lack of international and
national coordination as well as a lack of adequately-defined
objectives, despite (paradoxically) a surfeit of ‘overviews' and
‘feasibility studies’. It is not sufficient to require that a rad
waste be immobile without also specifying the conditions
under which it is expected to remain immobile.’

Dr Glasser said it appeared that ceramic and cement forms
held much promise, but they required more evaluation. First,
however, they had to be got past the initial development
Stage and secondly appropriate test criteria had to be agreed
and tests undertaken for a sufficient length of time to ensure
that the results could be extrapolated with reasonable con
fidence.

Dr A. Gibbs, of Bedford College, University of London.
then discussed geological aspects of radioactive waste
repositories — pointing to both the very long times for which
some geologic structures had been known to be stable, and
the very short times in which other formations had altered
dramatically.

“Excessive caution by those rightly concerned with the
protection of our environment could reduce our chances of
being able to choose the safest possible option of long-term
waste management,” said Dr Gibbs. ““Any reduction in the
data base at this early stage by ruling out disposal options
Ccould result in a less safe option being chosen in the long run.
On the other hand, it is important to acknowledge that
geology deals in probabilities, not certainties, and that our
knowledge of complex natural systems i1s, and always will be,
incomplete and is only gathered by necessarily slow and
detailed field and laboratory studies
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Above, the exterior of the Atelier de Vitrification at Mrcoule (AVM) and (left) the interior of the area in which

vitrified waste is stored. Canisters are stacked ten deep in cylindrical “boreholes”” formed in a concrete cave,

cooled by circulating air.

Cogéma

“Geological research into problems other than that of
nuclear waste has already been harassed by worried people in
some parts of Britain because of the association that geology
now has with nuclear ‘dumping’. Geologists, of all groups of
scientists, are probably the least prepared for such a role as
scientific bogey men, having in general good public relations.
It is to be hoped that an increasing flow of information to the
public at large will remove some of the fear from, but not the
concern for, this issue.”

Public acceptance

Lastly, Professor Sir Frederick Warner tackled Dr Gibbs' con-
cluding point, in a paper on public acceptance and social
responsibility. Sir Frederick was of course an assessor
assisting Mr Justice Parker in his conduct of the inquiry into
BNFL's plans for the expansion of the Windscale repro-
cessing plant, three years ago. Since then, in Austria a
referendum had resulted in a decision not to commission a
new nuclear power station; in Switzerland a narrow
majority had been in favour of continuing while in the Fed.
Rep. of Germany the construction of new facilities at
Gorleben, including reprocessing, had been held up following
public hearings. In the United States nuclear power construc-
tion had been held up following the Three Mile Island acci-
dent; France continued its major programmes; in Britain the
go-ahead had been given for AGR stations at Heysham and
Torness and for the study of a new PWR at Sizewell; the
work at Windscale on new facilities for fuel storage and
reprocessing had begun.

“When one is discussing acceptability and attitudes we
have to face the fact that social scientists say we are arguing
entirely about the wrong questions, because we are con-
cerned with facts in our discussion, whereas the proper
discussion would be about values. We are taking for granted
what they call a dominant social paradigm, which assumes
we need economic growth and a higher standard of living -
as against the alternative viewpoint, that we should abandon
growth, go to simpler systems of living, dismantle the central
power of the State and proceed to much more localised
forms of society based on consent. at a lower level."

Many of the arguments in the controversy over nuclear
power in general were far beyond the comprehension of most

people, he urged. "It is for the Government and decision-
makers to try to assemble facts, and for those of us who are
engaged in technical studies to try to put before them what
we think are logical reasons for what are essentially political
decisions. The decision-makers will be guided in their political
decisions by what they think the public will decide to do and
what they think will be their chances of being elected in a year
or two's time. Their timescale is very short."”

The unknown and unfamiliar was likely to attract attention,
and to give a great deal of trouble. The central problem faced
by the nuclear industry was summed up in what somebody
once called “"the three books of Genesis'' — carcinogenesis,
teratogenesis and mutagenesis. For the female half of the
population at least these implied mutilation and painful death,
birth-damaged babies and a danger to future generations,
and the fear of them was fundamental and inescapable. They
wanted to know a great deal more about the risk they might
be exposed to from a proposed development before they
could declare that it was acceptable.

Comparisons between various industries and between the
hazards of everyday life could be made; but they were not
necessarily heipful. “For scientists, the discharge of their
social responsibility does not end with risk assessment and
making the figures public,” said Sir Frederick in his paper. It
Is necessary to find out why large sums of money can be
raised to send some identified child for a particular treatment,
but not to keep going some health activity which would save
many more lives for the same expenditure. It can sometimes
be done. In 1967, about two million were estimated to have
died of smallpox in the world. By 1980, smallpox had been
eradicated finally for a total cost of $300 million, or, at 10 per
cent interest on the capital, the cost per life saved is $15.

" —'but that was in another country’8 —and perhaps the
poet knows more about the human mind." 0

5Sir Fredenick was quoting here from Eliot's borrowing from The Jew of
Malta: "' Thou has committed

Fornication® but that was in another country

And besides, the wench is dead”
which he had used earlier in his paper 1o illustrate the differences in public
reaction to events as diverse as the Flixborough disaster, the deaths of 36
people in a London mghtclub in August, the deaths of 250 in the collapse
ot a stadium at a bullfight in Colombia earlier this year, and the deaths of

15 000 in Gujarat early in 1979 following the collapse of an irmgation dam.
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