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8 - The need of partecipation to the choices that before were delegated to
scientific and technical institutions increased. These Institutions are no
more felt as instruments of civil and social growth. The actual and future
decision making will have to take in account this new reality.

4. i i i

1 - Distrust in the Institutions

The sentiment of distrust crosses horizontally the society. It emerged both
from the public opinion polls and from the phisicians inquiry. The daily press
also expressed several times the same sentiment and assured itself the role of
"official speaker". It is worth to underline the ambivalence of the relation
mass media versus reader, whose limits of reciprocal influence are not clearly
distinguished.

2 - The care for environmental situation

This care is one of the foundamental points that emerges from the polls. In
this case, by considering the specific role of the phisicians, it can be said
that this care goes beyond detailed sociodemographic characteristics.

3 - The lessening of the role of the exepert

This topic emerges strongly from the analysis of the daily press.
Phisicians express reservations about experts called to manage the Chernobyl
emergence.The public opinion, on the other hand, expresses a major reliance in
citizen action as support to technological decision. Notwithstanding this the
citizen trusts the scientist rather than the Institutions.

4 ~ The need of better information

Although the level of information on complex themes appears increased in
guantitative terms, both the public opinion, the phisicians and the press
think that the attained level isn't still enough guanlitative to avoid
misunderstanding and confusion.

P.S. Distichs are drawn from A. S. Gunn and P.A. Vesilind cited in
bibliography
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ABSTRACT

Data from opinion polls are used to follow people acceptability and risk perception
concerning nuclear energy. Impacts of major events, such as Three Mile Island and
Chernobyl are observed on public opinion. Social responses to such events are
particularly noticed in two domains : those of information and communication in
emergency situations.

Keys-words : public opinion ; nuclear energy acceptance ; major event ; social
response.
INTRODUCTION

Since 1977, major french firms and institutions have supported the AGORAMETRIE
system [1] which deals with the analysis and the follow up of public opinions about
controversial matters that agitate French society. This system is based on annual
surveys of representative samples of the French population ; among other topics, it
covers nuclear matters ; and it allows to observe the corresponding public opinion
trends in the long term and sudden shifts related to major events, such as the
Three Mile Island failure (TMI) in 1979, F. Mitterand’s first presidential election in
198f and more recently the Chernobyl accident in 1986. After a short presentation
of the acceptability of the nuclear program during the last decade in France, social
patterns are shown ; indeed, age, sex and occupation are important differentiation
factors within opinions. Thereafter, some Chernobyl impacts on opinions will be
described : knowledge about the accident, nuclear energy acceptance and perception
of the information delivered. Finally, Chernobyl has provoked social responses,
mainly in the communication field which will be emphasized.

NUCLEAR PROGRAM AND PUBLIC OPINION : AN OVERVIEW

In France, the Seventies were a period of strong controversy about nuclear matters.
Opposition emerged in 1973 with the development of the French nuclear energy
program, demonstrated actively in each power plant site and culminated in 1977 with
the violent meeting in Creys-Malville, which provoked one death among the
demonstrators. After this shock, ecologists and various opponents lost some supports
and they failed to push their ideas on political grounds. In parallel, the spectrum of
an energy crisis was moving away. Since then, the nuclear program gained a better
image : opponents were a minority in the public if one considers the results of the
opinion pools ; and demonstrations in nuclear installations sites decreased.

In 1981, after F. Mitterand’s presidential election, the energy policy remained more
or less unchanged. Public opinion about nuclear matters kept their previous levels,
at least globally. Indeed, when we examine the degree of acceptability in  various
social groups, some changes can be detected ; for instance, educated people were
more inclined to accept nuclear energy than before and retired people gave less
support. Things remained like this until May 1986.
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The Chernobyl accident showed that it was possible to suffer a major failure in
civil nuclear power plants and that large scale impacts could occur. A sudden shift
was observed in public opinion ; for the first time in the last decade period,
opinion polls revealed a majority pro the existing nuclear policy but, simultaneously,
con a further extension of the nuclear energy program. Moreover, these views were
shared by all social groups. And till now, there is no real change in French public
opinion.

The previous comments may be illustrated by looking at percentages successively
obtained for the following proposition : "We must go on building nuclear power
plants". This proposition, which has been in our surveys since 1977, is related to
the overall acceptability of nuclear energy. In the Seventies, it was associated with
clear ideological positions and opponents to the proposition were strongly against
the nuclear establishment. In recent years, the proposition took a slightly different
sense ; its cons have joined the previous ones as also people who think that
electricity needs are satisfied by the existing nuclear power plants and who are less
preoccupied by the energy crisis (in 1988, 55 % think energy crisis is extremely
worrying ; they were 80 % in 1977).

FIGURE | We must go on building
nuclear power plants
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In Figure 1, we can see the 15 % rise of cons after the Chernobyl accident and
note the zero impact of TMI in 1979 on French public opinion [2]. This 15 % shift
was also observed after TMI and for the same question in the surveys performed
by Cambridge Reports and by Harris Poll [3] in the United States. In each situa-
tion, supporters of the proposition lost 5 %, interviewees who did not know from
20% fell to 10 % and as a consequence, cons gained 15 %.
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Figure 2 shows a clear difference between women and men for this proposition
women are 20 % more opposed than men are, but the trend over time is exactly the
same for both groups. This sex effect concerning nuclear subjects has been regularly
stated in our public opinion pools and risk perception surveys [4]. An other huge
difference, 20 % at least, exists between the left and the conservative political
positions, as is shown in Figure 3 ; leftists are more inclined to refuse nuclear
power than rightists ; here again, trends over time are quite parallel. Figure 4
underlines interesting features about nuclear opinion and social class ; indeed social
classes react diversely and two examples are given in the Figure. On one hand,
retired people were pro nuclear energy but they have been impressed severely by
the Chernobyl accident and now, opponents rise to 60 % among them. On the other
hand, before 1981 teachers were continuously reluctant towards nuclear energy ;
but after Mitterand’s first presidential election, they partly agreed with the
socialist new energy policy and their resulting adjustments led them to a fifty-
fifty balance between pros and cons.
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FIGURE 4 Social class
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CHERNOBYL ACCIDENT PERCEPTION

If TMI had no effect on French opinion, on the contrary Chernobyl has been
perceived as a major catastrophic event and it is always considered as such in
people minds. Figure 5 gives the results, for four replicates in the last two years.
for the question : “Among the following catastrophic events : Bhopal, Chernobyl,
AIDS, Seveso, the Mexico earthquake,.... which is the most frightening for you ?" ;
and they are 20 % to privilegiate the Chernobyl accident.

FIGURE 5 40
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Do people have a right knowledge of Chernobyl consequences ? To the question
"Up to now, how many deaths were caused in USSR by the Chernobyl accident ?",
they are less than 15 % to say “below 50", ie., the right answer ; and 65 % in
March 1988 overestimated the number of deaths : 40 % assessed the number to be
between 100 and 1000 and 25 % gave more than 1000 deaths. Such an inaccuracy,
see Figure 6, does not seem to reduce but rather to increase. It may have several
reasons. One is the first announcement by TV and newspapers of a 2000 deaths
accident ; undoubtfully this high value, easy to remember, has impressed lay people
memories. An other reason is the quite common association of many deaths with any
catastrophic event. Moreover, people suspect that truth is largely hidden and this
suspicion leads to an overestimation.
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After Chernobyl, changes were observed for many questions dealing with general
nuclear risks : now, people think that risks are more actual and difficult to reduce.
But at the same time, individuals do not challenge the economic advantages due to
the nuclear energy program ; nuclear industry is already several years old and
public perceive it as an important social sector.

INFORMATION DEMANDS

Informations given after Chernobyl have been received by the public with more
scepticism and suspicion than confidence. Sociologists know that when people are
interviewed about information with respect to some topic, they always say that
there is a lack of information and always ask for more information. Nevertheless in
the days after Chernobyl, specialists were speaking diversely and medias were
confusing, either excessive and then inaccurate, or unable to fit a public demand
that was both considerable and vague. This explains why, since 1986 more than 60%
of French have thought that Chernobyl impacts on France were hidden, why most
people trust physicians, consumers associations and ecologists when they discuss
Chernobyl impacts and nuclear matters and mistrust politicians and why only 20 to
40 % of French accept the information given by institutions.

Two social groups asked actively more information. One is the farmers’ group who
noted how atmospheric radioactive releases could affect large areas and prevent
usual consumption of agricultural products ; the other one is the corporation of
physicians who justified their demands by their duties and by the psychological
assistance they should give to patients and to populations.

Before Chernobyl, farmers strongly supported the nuclear program. Since May 1986,
they have reached a new position globally more reticent [5). Farmers unions and the
agro-industry were given informations by authorities about feasible counter-measures
relating to crops and cattle, to vegetal and animal productions and their trans-
formed products. A comprehensive booklet is in preparation for a wide diffusion.

Physicians in France are in favor of nuclear energy, in their majority. After
Chernobyl, they had to answer questions from their patients and relatives ; inter-
viewed in 1987, they judged that their knowledge about the types of risks,
emergency planning, environmental measurements, and internal contamination was
not sufficient to give wise advices and to quiet anxious individuals [6]. So, radiation
protectionists did a tremendous task of training and of information in 1987-1988,
which was mainly directed towards physicians in small towns and rural areas [7].
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SOCIAL RESPONSES

Any major catastrophic event, thanks to media coverage, has the potential to
impress lay people, to raise safety and environmental protection questions and to
involve assessments, contradictory debates and new policy guidelines. Natural
disasters, transportation accidents, industrial and nuclear failures provoke such a re-
examination and critical analysis of the concerned safety system : obviously
learning from experience leads to technical improvements, but it also yields
adjustments in the safety organization. The clear impacts of TMI and Chernobyl on
France appear in Figure 7 where in-plant safety and out-plant nuclear activity
management are equally concerned.

Human reiiability

Safety <
/ Sand filter

FIGURE 7 T™MI (1979)
Information ____ Prime Minister
Directive 1981
Safety ___ Human reliability
CHERNOBYL
(1986) \ Continuous information
Information < Interset Grougs
Communication

Emergency Planning
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National : Ministry

of industry

In both cases, the information and communication sector has been developed,
structured and improved through a dynamic process involving elected representa-
tives, energy producers and governmental authorities, taking into account CEC
Directives ( i.e., Seveso Directive, Article 8) or Recommendations, satisfying some
demands from the public and interested groups. In that sense a social response has
emerged, which illustrates both the difficulty for society to prevent such extreme
situations and its ability to react in the short term.

Indeed the Local Information Commissions, which should be placed at major nuclear
installations, came from the Premier’s Minister’s Directive of December 15,1981 ;
these structures took benefits from the poor communication management demon-
strated during the TMI crisis. In these local commissions, leaders are the regional
elected representatives and the operator is the main partner ; subjects under
consideration are information exchange on normal operations conditions and
incidents notification ; and an agreement between the operator and the administra-
tive authority, i.e, the Prefet, concerns the exchange of technical information
needed for the management of crisis situations at the local level [8]).

Before Chernobyl, at the national level, information about nuclear issues was
considered as satisfactory. The Ministry of Industry released on a continuous basis
general scientific information and safety reports data ; for crisis management,
propositions were under consideration ; and the CSSN (Council Superior for Nuclear
Safety) was a consultative institution where 35 experts with nuclear, technical,
economic and social competences gave advices to the Minister.

After Chernobyl, more emphasis was put on emergency management and the related
communication problems {9]. In Figure 8, a short chronology lists actions of
information and communication and the organizational decisions.
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Concerning information, the main fact was that the Ministry of Industry got a new
mission : to coordinate and to release nuclear information to the public and to
medias at the national level []10]. This task is now performed by a permanent
information unit. The consultative institution CSSN was replaced by CSSIN (Council
Superior of Nuclear Safety and Information) ; now, CSSIN includes 6 experts from
public communication and one among them is the vice-president of the Council.
Moreover, this new state organization faces a citizens’ interest group, the CRIIRAD
(Commission Regional of Independent Information on Radioactivity) founded in May
1986. This group joins universitary and independent laboratories which perform
environmental monitoring ; it is managed by volunteers and financed by Regional
Administration funds. At the local level, there is a free access to safety data
through phoned services both in the plant and in the Town-Hall of the Prefecture,
i.e, the main city of the administrative region where is the plant [11].

CHERNOBYL  ......... April 26,1986
Informaton crisis cell :

FIGURE 8 interministerial  ......... May 14, 1986
Phoned information ......,. May 16, 1986
Minite] informadon ........ May 22, 1986

Summeri®fe CRIIRAT

CSSN a—p CSSIN ......... March 2, 1987

MAGNUC :
Minitel information system .. March 3, 1987

LAW : Prevendion of Major
Technological Hazards ....... July 8, 1987
ORSEC-RAD

Parliamentary Office of Sciendific
Choices Assesyment ........ Dec. 17, 1987

Propasal : Nuclear Safety and Inf ton Agency

In crisis situations, the need for a better communication has been recognized. For
concerned populations at the local level, a public relation unit and a press center
operate at the Prefecture when the Intervention Particular Plan comes into force.
And simultaneously, a national information crisis unit in the Ministry of Industry
has the task to give harmonized informations to the public and to the medias.

CONCLUSION

Any catastrophic event has numerous diverse impacts. For concerned communities,
sanitary and economic effects are often immediate and dominant. The initial shock
is followed by questioning and controversies which develop on a large scale.
Opinions may change, strong demands are formulated, which require responses and
new measures from authorities ; lessons must be taken into account.

Chernobyl is a clear example of these combined effects which affect individuals,
communities and governments. For France, major impacts have been observed in
public opinion and in the field of nuclear information and communication. Some
impacts are negative when they frighten and make suspicious some population
segments ; but some others can be considered as positive when they lead to a more
transparent nuclear policy and when they make the access to information easier for
interested citizens.
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"The System's Ability to Learn: Some Basic Problems in Post-hoc
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The aims of post hoc accident assessment are to assemble
information through scientific investigation to discover the
cause of the accident. This is essentially regarded as a
learning experience, on the basis of which, measures may be
taken to avoid the replication of such an accident under
similar conditions. This assessment of cause cannot be
separated from the assignment, or release from, blame of
parties or institutions concerned in the accident or with the
facility where the accident occurred. This introduces a legal
dimension, and concepts from legal practice are incorporated
into scientific investigation, such as "foreseeability", "state
of the art" and ultimately "negligence". In addition, of
course, surrounding legal perspectives, are diverse political
perspectives also concerned with criticizing or defending

powerful institutions and policy commitments.

A key question underlying these contending frameworks is
whether there is a pure, objective scientific framework that
can be found and used, both to arbitrate between the others,
and to provide new, organized conceptual knowledge with which

the system of practices can learn and improve.

The case study will consider this question, and the problems of
post hoc accident assessment which are located in the
collection and dissemination of information. This is
highlighted where the investigatory body is responsible both
for disseminating information to avoid accidents, and with
gathering evidence for the assessment of an accident, with the

possibility of prosecuting for breaches of safety. These
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responsibilities call for different methods of handling
information. The proactive role aims to prevent accidents
through inspection of sites and provision of advice on safe
practices: information is provided on an informal and
individual basis. The reactive role aims to identify unsafe
practices which may have led to the accident, but the
information gathered and disseminated in this case is public
and formal. Both involve making judgments, but in the latter
case, the judgment 1s made publicly and has wider repercussions

than judgments made in a proactive capacity.

Much work has been done in the Sociology of scilentific
knowledge on the role of institutional contexts in the
construction of scientific knowledge, relative to the specific
interests of participants. This same social dimension is also
applicable in scientific investigations of accidents within a
wider social context, however in this case, interests stem from
the structural position of the investigatory body. Ultimately,
the assumed division between technical and legal or political

problems comes into question.

To give a simplified example for comparison, after a motoring
accident, the parties involved file personal reports to thelr
insurance companies for assessment. The facts of the accident
are usually selected and presented by each motorist to ensure
that least blame is to fall upon him. There 1s a definite
personal interest involved in selecting which of a range of
possible facts are significant: for instance, 1if the collision
occurred on a bend in the road, the motorist who was distracted
and driving too fast on the wrong side may not wish to select
this as a highly relevent fact, and may instead give greater
significance to the bad road conditions, or the weather. This
is a personal, and small scale accident, the main aim of the
assessment of cause being to assign blame, with the possibility

that sanctions may follow.

In large scale accidents, however, such direct personal

interest is not so easily attributable to the selection of
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significant facts, as it 1s the investigatory body, 1in
consultation with the parties concerned and through independent
investigation, that gathers and presents the information on the
basis of which assessment 1s made. So a further level of social
negotiation 1s introduced. Where in the small scale accident,
personal interest may complicate the direct presentation of
information for assessment, in the large scale accident, wider
structural requirements which dictate the interests of

investigatory bodies brings about this complication.

A significant complicating factor which highlights basic
problems of post hoc accident assessment is the structural
location of an investigatory body that is charged with both
proactive and reactive response to accidents and whose power 1is
unevenly weighted to apply the ultimate sanction, criminal
prosecution. Thus its investigation proceeds in the selection
of significant facts not with personal interest in mind, but
with the unstated, and perhaps unperceived, institutional
interest of fulfilling 1ts reactive role, and considering
avajilable information only in the light of possible criminal
prosecution. As a particular kind of hard evidence is needed
for criminal prosecution, a broader base of evidence may be
deemed insignificant, and not publicized. However this
evidence, if publicized, may contribute to the learning process

which is the aim of accident assessment.

This process will be examined through considering the post hoc
accident assessment of an explosion in the valve house of a

water transfer scheme in the north of England.

The Abbeystead disaster

The Lune-Wyre water transfer scheme in North Western England
operated through the early eighties until 23rd May, 1984. Prior
to this date, the villagers downstream from the outfall end
were concerned that the recent flooding around the village was
caused by this new water transfer scheme. Keen to deny this,

the North West Water Authority invited a party of villagers to
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inspect the outfall works. ©On the evening of 23 May, 1984, a
group of 44 people including 8 water authority employees,

assembled in a valve house set into a hillside at the outfall
end of the Lune Wyre transfer scheme at Abbeystead to view a

demonstration of water pumping.

The pumps were switched on and the party waited for some time
without the water appearing. Unknown to them an explosive
mixture of methane and air was being pumped intoc the valve
house ahead of the water. Suddenly there was an intense flash
and an explosion. 16 people were killed, and 28 badly injured

from burns and the collapse of the heavy cement roof.

Although methane 1is well known as an explosive gas and as a
potential problem in underground workings, no measures to
disperse gases had been taken in the Wyresdale scheme. The
tunnel had been vented into the enclosed valve-house instead of
the open air. Almost immediately after the accident, an
official inquiry got underway with a view to establishing the
cause, blameworthiness- if any- and future preventative

measures,

Moments before the explosion, a father and his eleven year old
son were standing looking into the water already lying in the
tunnel end, discussing the possibility of fish living in the
water. After the explosion, the father, who was badly injured
and burned, pulled his son's decapitated body out of the
rubble. In humanitarian terms, the lack of foreseeability of
that particular accident can not be in doubt. However, the
foreseeability of an accident relative to the conditions of
design, construction and operation was in doubt, and it was
with this question in mind that an understanding of this
accident was sought for assessment, firstly by the
investigatory body, and later through years of civil court
cases brought by the victims for compensation. These latter
cases were conducted in the High Court, and the Court of

Appeal, where in the former the designers, contractors and
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operators were charged with negligence, while in the latter,

the designers alone were charged with full responsibility for
negligence.

The investigatory body was concerned with foreseeability of the
source and mechanism of ingress of the methane. The significant
question was whether there was knowledge that methane would be
produced by a known or detected source and would accumulate in
the facility, at any time during the design, construction and
operation of the tunnel, and if so, what measures had been
taken to apply safety measures. The courts put greater
significance into the lack of faclility for ventilation of
gases, where external conditions or prior knowledge indicated
there was even a possibility of the existence of those gases.
Thus the HSE, for possible criminal prosecution, was concerned
with certain evidence of foreseeablility, hence negligence,
“"beyond all reasonable doubt", rather than with less completely

certain evidence of a kind which may nevertheless be important.

The investigatory body

The inquiry into the disaster was directed by the Health and
Safety Executive (HSE)>, the executive arm of the Health and
Safety Commission, which was set up to carry out the aims of
the Health and Safety at Work etc Act of 1974. This Act was
devised to replace existing statutes with new regulations and
to create conditions for more effective self-regulation by
restating the common law duties of employers and employees, and
the duties of employers to persons other than employees on
their premises. Thus the responsibilities of these bodies under
the Act are to research, train, inform and advise as well as to
direct investigations and hold inquiries. The HSE has the power
to enforce the statutes of the Act, breaches of which may

result in criminal prosecution.
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These statutes may be breached where a company failed to take
reasonably practicable steps to meet the statutory duties. An
assessment of 'reasonably practicable steps" is measured
against the foreseeability of the accident, and the utilization
of technical solutions at the disposal of the designers,
contractors, and operators to practice within the "state of the
art". This 1s in itself a problematic concept, but may be
loosely defined as referring to that which is within common
knowledge and practice. Thus the investigation was closely
governed by the necessity to assess the foreseeability of the
accident, and steps that could have been taken to avert the

accident that were within common practice. (1>

For the investigation, the Health and Safety Executive brought
to Abbeystead a team of 10 people including specialists from
the Factories Inspectorate, Plpelines Inspectorate of the
Department of Energy, and other fire and gas experts. This team
was supported by hundreds of experts producing ancillary

reports on a number of 1ssues 'farmed out’' to them by the HSE.

The investigation of the disaster was carried out by an
attempted reconstruction of the accident, to the point prior to
ignition of the methane. The replication was not exact as the
build up of methane was less than that extrapolated at the
time of the explosion, but allowed an explanation of the
mechanism to be devised. It was deduced that methane had
accumulated in a void along the tunnel roof, and was pushed
through into the valve house ahead of the pumped water, where a
source of ignition resulted in an explosion. The questions
which followed were concerned with the manner in which methane
entered and accumulated in the tunnel. As the HSE has a
prosecuting role, the question of whether this accumulation and
its potential effect was foreseeable at any stage during the
design, construction and operation of the water transfer scheme
was also pursued. If sufficient evidence of foreseeability, and
therefore negligence, were proven, the HSE would bring a
criminal prosecution for breach of the statutes of the Health

and Safety at Work Act. Prior evidence for the generation of
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methane in that locality, or evidence of methane in earlier

similar tunnels, was thus relevent.

In order to answer the questions of mechanism of ingress and
accumulation of methane, expert investigations were directed on
the tunnel, and on samples taken from the tunnel, which were

sent to outside laboratories for their analyses and reports.

The first technical reports were produced, but not released, in
September/October 1984. Results were given on isotopic and
chemical analyses of gas and associated water(2); the possible
biological origin of structures found in the Wyresdale
tunnel(3>; the potential for samples of organic sludge taken
from the tunnel to generate methane, questioning if the methane
was of blological origin (4); the measurement of Cl14 activity,
to determine the age of the methane in the tunnel, questioning
if 1t was of geological origin "ancient" or “modern" (5); and
reports were produced by HSE inspectors on electrical aspects,
fire and explosion aspects, and civil engineering aspects of

the investigation.

Evidence based on these reports was presented at the first
public legal forum, the inquest for the victims of the
disaster. The mechanism was described such that methane entered
the tunnel through cracks in the tunnel lining, dissolved in
groundwater which was known to add to water supplies in the
tunnel, when it was not full. The tunnel had not been full, and
water had not been pumped through the tunnel for 19 days before
the accident. Thus the roof space entrapped the methane which
was emitted from solution in the ground water in the reduced

pressure of the tunnel.

The great weight of evidence at the inquest hinged on the
source and ingress of the gas. It was given in evidence that it
was of ancient origin, lying deep underground for thousands of
years, its presence only apparent and only identifiable when it
appeared. The judgment of the inquest, in October 1984 was that
the disaster was an accident, that the explosion was

unforeseeable.
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In February 1985, the official HSE inquiry report (6) was
released, though not the background scientific reports on
specific issues such as carbondating of the methane. It also
concluded that the disaster was not foreseeable, and that while
strong recommendations would be made to the water industry to
check the safety of similar installations, no criminal charges
would be brought against the designers, contractors or

operators of the scheme.

The selection of significant information on which the official
inquiry report is based begins to become apparent when the
background technical reports are studied. The analysis was
broken down into compartmentalized data, as samples from
separate parts of the site of the disaster were sent to
separate laboratories for analysis, and these findings were

returned to the HSE for "harmonization".

A particular example will be provided to illustrate these
points. This example relates to the statment at the inquiry
that the methane was of ancient origin and could have been
lying in the ground for thousands of years, 1ts presence only

apparent when it appeared.

A sample of gas was reduced to a carbonate, and sent to a
laboratory for carbon dating. The sample emitted Cl4 at a
particular rate, indicating ancient geological origin of the
methane in which the carbon was bonded. However, because of the
general background increase of C14 in the atmosphere, this
trace could not be definitively identified with the sample. In
other words, there was a possibility of contamination. While
the analysts could conclude that the carbon in the sample was
mainly of ancient origin, that was all they could say. They
advised against putting any kind of date on the sample. They
could not confirm that it was absolutely of ancient or modern
origin, that is, from deep coal or from recently decayed
vegetable matter. It has to be remembered that all they were

dating was the carbon, not the source of the methane, which
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could have been generated recently and biologically, but still
have taken up some carbon of ancient origin. However in the

wider interpretation, these became synonomous.

The sludge samples were sent to another laboratory where a
different kind of analysis was carried out. This analysis was
to determine whether the bacteria in the sludge were capable of
producing methane, and were of the type that had previously
been found in muds and other organic sludges. They concluded
that it was unlikely that biological activity alone could have
produced a sufficient amount of methane, which, they stated,
fitted in with “what they understood to be the results of the
carbon-dating: that most of the methane was of geological
origin”. They do point out that conditions in the tunnel being
as they were, under certain circumstances, large amounts of
methane could have been produced. However, theilr conclusions
are persuaded by the carbon-dating results. It should be noted
that from the uncertainty stated by the carbon dating
laboratory, the significant item that was extracted for
communicétion to the second laboratory was that the carbon was

mainly of ancient origin.

Thus the findings given by the technical reports consist
overwhelmingly of possibilities and uncertainties, with the
researchers stating either that they could not give an
unambiguous answer to the questions posed bcause they did not
have information on the context, or the researchers discarding
possibilities because their results did not fit into the
plcture being drawn by the earlier findings.

However, in the report, these results were harmonized to state
that the methane was of ancient geological origin, from a deep
unknown source, and that the tunnel sludge could not have
produced the same amount of methane. In order to show the
possibilities of reconstruction, the two tests, if done by the
same laboratory, with the same focus for analysis could quite
easlly have yielded the results that while the carbon in the

methane was of ancient origin, its source was in the sludge
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which was belng consumed by methanogenic bacteria, possibly
carried in by groundwater from the ccal measures. If both the
gas and the sludge had been carbondated, it may have revealed
that ancient carbon was in both. Instead, it was only confirmed
that the sludge carried methanogenic bacteria, which is not
unusual, and simply confirms what is well known within the
biological discipline. However, by requesting separate
analyses, with separate foci, an artifical distinction is drawn

between the biological and geological origins of the methane.

Also, by focusing the alternative to ancient, unforeseeable
methane on organic sludge in the tunnel, and not on methane
generation from the known coal measures in the immediate
locality of the tunnel, the inquiry increased the apparent
credibility of the ancient, deep and unforeseeable methane

interpretation.

The complex process of establishment of a technical fact can be
seen in this example. When it is analysed closely in this way,
the fact is underdetermined by the evidence: yet this
underdetermination, and the viability of alternative facts, is
obscured by the official process of reconstruction. The
particular scientific fact so constructed had wide social
usage, from providing a definitive statement to the early
inquest, to its investigative use as the starting point for
the further assessment of the accident, against which wider
recommendations to the whole industry for future safe practice
were constructed. A further important usage was in the defence
case in the civil court proceedings for negligence against the
designers, drivers and operators of the tunnel. was founded on

denying negligence, relative to this fact.

As grounds for the decision not to criminally prosecute, the
HSE inquiry report stated that tﬁe solubility of methane in
water was not fully understood by the designers, operators, nor
the water industry generally since published references to it
in Chemistry had not been widely circulated in the civil
engineering profession. (8> The HSE report noted that while
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designers and operators believed methane was not emerging from
the strata during construction, tests which were carried out in
line with standard contract clauses could neither confirm nor
deny 1ts absence or presence amongst other factors, because
other gases were present which confused possible methane
readings. Existing test rules were inconclusive and thus
useless. The report recommended widespread publication
throughout the civil engineering profession of the possibility
of the solubility of methane in water under pressure. Training

to alert practitioners to this possibility would be necessary.

While the example of the methane's origins has been described
in some detail, there were several other areas of discretion
and interpretive choice over the establishment of important
facts, and around the definition and significance of “prior

knowledge".

Debate and further assessment of this accident continued long
after the HSE inquiry report was published; much of it was
conducted, as is often the case, in the glare of publicity
around the issue of compensation for the victims of the
accident. In the engineering journals, other literature
sources, and throughout the 1987 civil court case, instances of
apparent prior knowledge were cited, and the argument continued
around whether this accident was precedented, or was a singular
“Act of God". It was noted that the problems of methane
dissolving out of water in underground workings following a
series of explosions in Hungary were the subject of an
international civil engineering conferenca when the fransfer
scheme was being designed. Other earlier instances of the
presence of methane in sumps, aquaducts, pumping stations,
valve houses, and boreholes, some resulting in explosions, were
detailed in the engineering press and in the court cases. The
denial that such events constituted precursors, thus
negligence, and failure to learn, hinged on the differences
rather than similarities that could be drawn between such

installations and the Lune-Wyre transfer scheme.
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The legal dimension overwhelmingly yielded not an addition to
knowledge, but a denial of knowledge, and a denial of systemic
similarity, which has implications for the lessons that may be

learned from the assessment of this disaster.

The decision not to press criminal charges of responsibility
for the accident meant that for many, the disaster then almost
assumed the character of an "Act of God"”. This compromised the
capacity of the HSE to perform its proactive role of educating
the wider industrial system into better practices, although
fulfillment of that role was one of the reasons cited for not
pressing criminal charges. (6> That 1is, if criminal charges were
brought, all information about the disaster would be subjudice,
and 1t would be impossible to publicize recommendations for
immediate safe practice to the water industry. Yet much
information about the disaster's parallels and precursors was
hidden from view by the way the inquiry was constructed that

Justified the lack of criminal prosecution.

The publicly unstated conflict of roles embedded within the
regulatory institution was reflected in the scientific
analytical knowledge which it generated. Thus in 1ts reactive
capacity it searched for a narrow range of certain evidence,
which undermined its performance in its proactive capacity to

provide a broad public base of knowledge of possibilities.

The selection and shaping of scientific facts should not be
interpreted as an intentional *“cover-up", or deliberate
misrepresentation. The soclal context within which such
assessments are made demands investigation and explanation to
be provided in the glare of publicity, urgently, by a body that
must fulfil roles which become contradictory. So in the
interests of fulfilling a proactive role, and disseminating
information as quickly as possible to avert replictions of this
disaster, the prosecuting reactive role may be avoided
particularly where there may be no immediately obvious
negligence. However, institutional interests dictate that

Justification must be given for not implementing this
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prosecutory role; thus judgments about cause and responsibility
which may internally be more tentative and informal become
commitments which shape the marshalling and construction of
scientific information inot a more definitive and certain

public form than is ultimately defensible or justifiable.

As noted in the Abbeystead case study, much of the significant
information about accidents is uncertain, complex, and indeed,
non-existent at the time of the accident. It has to be
constructed by investigation, and construction involves
building a tissue of assumptions and inferences to frame and
buttress any facts. The context in which information about
accidents is constructed contains important assumptions about
the purpose, scope and social use of that information which are
not usually explicit, yet which radically shape the information
created and how it is either used or neglected. An important
dimension to how information is created so as to give meaning
to an accident is to define it, for example, as the latest in a
string of near miss precursors that should have led to
preemptive measures, or as an unpredictable "Act of God" from
which we might learn some new technical insights, but not

anything about the fallibility of social organisations.

How these meanings are constructed- the context of unstated
assumptions and commitments which frame enquiry- is crucial in
determining what the real and technological system learns from
such accidents, which can in many respects be treated as a
negotiable learning process just like that from more "positive"

experiments.

Post-accident investigating authorities are often inhibited,
albeit involuntarily, by the fact that they are partly
evaluating their own past standards, practices and decisions,
embodied in the regulated agents’' action leading up to the
accident. It is usually ambiguous whether those actions
departed from norms or instructions laid down by regulatory
bodies. The Abbeystead case shows this ambiguity. The defence

argument could be restated as: we were only doing what every
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commercial civil engineering company does when designing and
driving a tunnel. That "State of the Art" in the trade was
accepted by the regulators even though it turned out to be

dangerous.

Thus the post accident inquiry was investigating the industrial
actors to see how far they had complied with existing
standards; but it was also investigating the adequacy of those
standards, and the same body that was responsible for those
standards was conducting the inquiry. The question of the
adequacy of existing standards 1s composed of several distinct

parts: -

a) were the standards themselves unacceptably weak in the light
of existing knowledge and practices elsewhere, for example in

other related industries, or in other countries?

b> were they lax but only with the benefit of hindsight? That
is, was it the accident itself that showed weaknesses in
preexisting knowledge, weaknesses which accident analysis could

help to overcome for the system as a whole?

c)> were the standards precise enough, for example in defining
precisely what kinds of installation practices and conditions
they covered? That is, they may have imposed demanding

regulations, but may have been unduly vague and discretionary

as to when those demands should be in force.

It is evident, therefore, that post accident investigation can
be constructed against implicit standards, or frames of
reference. In this case, theinvestigation took the regulatory
process and pre-existing industrial practices for granted as
unproblematic, and thus highlighted for examination the
question of whether practices in this case deviated from those
“standards". In the post-Chernobyl context, inquiry took the
form of investigating design and operational aspects of RBMK
management, and took for granted the political fact that
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different countries operate with diverse reactor designs and
standards, both technical and operational. There were

alternative foci of inquiry available:

a) why were existing nuclear standards so inconsistent, when

the accident environment is intarnatianal?

b) why had nuclear authorities everywhere managed to avoid the
realization that a nuclear accident could have more than local

and environmental safety effects?

c) what does 1t say about the institutional psychology of
nuclear power more generally, that precursors to the TMI
accident and the Chernobyl accident had occurred, apparently
without helping the authorities in either case to learn and

avoid later accidents?

Without pretending to give answers to such quesitons, they
indicated that post accident learning is shaped and limited by
management of the inquiry agenda or framework. This is not
necessarily deliberate. However, whatever the formal
independence of the accident, investigators- let us say the
IAEA in the case of Chernobyl- there are shared commitments
between investigator and the investigated party which
inevitably limit the framework, ignoring some of the questions
which could be asked, and thus some of the learning which could

be achieved.

Vaughan has described a similar, though in that case more
formalised institutional structure in the NASA Challenger space
shuttle case, with safety investigation agencies reporting to

the agencies they were supposed to be regulating.

In the Abbeystead case, even where the issues were apparently
far more confirmed and realised than for a major international
accident such as Chernobyl, similar factors prevailed. As
already indicated, the HSE was partly investigating itself when

it analysed the context of the accident.
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There are thus quite fundamental conflicts in a post accident
situation between the need to attribute responsibility — in a
sense learning about our institutions, their behaviour and
capabilities- and the need to gather and disseminate technical
information- learning improved technical practice. The second
is conducted against a stablized institutional background in
which the first sort of question is at least temporarily,
suspended. A basic problem is that this suspension may itself
become institutionalized, and then limit what can be learned by
the system as a whole. The technical knowledge constructed in
post accident inquiry depends on the social role that
assessment is playing, and consequent assumptions about what
can count as evidence, what rules of legitimate inference
prevail, etc. As we have shown, science does not simply provide
one single, definitive set of methodological norms for this

process.

Scientific institutions create and deploy knowledge in social
settings, not a vacuum; and they use such institutional
signposts to get started and frame coherent investigation. The
difficulty is not so much that this happens— it is inevitable,
necessary, and legitimate. It is aware that the process is
unrecognized, and goes undebated. There is a deeper, more
subtle problem than that when information is impounded and
controlled after an accident, when an issue becomes sub-judice

pending legal trial of responsibility.

In the Abbeystead case indeed, the more fundamental paving
limitation produced counter initiative results in that the
limitation on what evidence was identified from prior
experience was created by the very option- to avoid criminal
prosecution~ which the authorities had chosen in the attempt to
avoid placing restrictions on post accident learning. This
perverse effect only demonstrates the two levels at which such
restriction of learning can take plaée, and the relative

invisibility of the level we have tried to highlight.
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A final conclusion perhaps suggesting more general issues is
connected to the observation above of a more subtle and
extensive communality of commitments between
regulator/investigator and regulated/investigated parties, than

is usually recognized.

Evaluation of responsibility for an accident, as indicated
earlier, has to take place against a normative yardstick taken
to be legitimate. The Herald of Free Enterprise disaster may
have been caused by failure to close the bow doors before
leaving port: the implicit yardstick is the formal rule that
all bow doors should be closed before leaving. But if it is
discovered that an informal practice had evolved whereby nearly
all ferries were routinely leaving port with their bow doors
being closed as they left, the yardstick looks a little less
“taken for granted" and new questions are suggested, such as:
why had such an unsafe practice evolved, and who was
responsible for creating and condoning it? If ferry masters
were under commercial pressure to sail to a very tight
timetable, and management rejected private warnings from them,
is responsibility shifted? And is it shifted yet again if
shareholders were "forcing" managers to extract a certain rate
of profit? And if government inspectors knew of complaints
about lack of warning lights and about crew working hours both

of which contributed to the eventual accident?

Post accident inquiries are often conducted, as was the
Abbeystead investigation, as if accidents are caused by
deviation, from an established, properly designed and
professional "state of the art" in a particular industrial or
other sector. Normal practice is taken to be natural and
legitimated, controlled by diligent external regulation and
professional self-policing via the accepted mechanisms of peer
review, quality control, etc. The legal framework of negligence
is most strongly developed in this respect, where
foreseeability of an accident, hence negligence, is defined
against the existing state of knowledge or practice in the

field in question. Implicitly, therfore, that "state of the
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art" is assumed to be a fully acceptable and proper standard

from which to measure lapses.

In many cases, however, we would suggest the majority, the
existing "state of the art" is not at all problematic. Clearly
in the Herald of Free Enterprise case, it could have been
described as very unsafe, informal, and in effect unregulated.
The same is true of many informally evolved working practices,
though they have often been created to increase efficience,
safety or practicality of more theoretical designs and official

standards.

In the Abbeystead case, the existing "state of the art" on
water tunnel design and construction with respect to methane

was unclear and inconsistent.

What could be said about it, however, was that it reflected
commercial evolution and normal competitive opportunism in the
civil engineering industry- for example companies looking to
tnder for water tunnel contracts after experience of other
hydro—engineering schemes. The question. of whether our
commercial opportunities required new forms of expertise, and
of what kinds did not appear to have been controlled. Thus the
tacit model, of the "state of the art" being controlled
andconstructed by the more deliberate process of professional
peer review and consensus, was misleading. The more fundamental
structural issue raised by the accident was whether the
existing industrial and technical structure as a whole was
properly coordinated, controlled and regulated, a question
which of course included the regulators as part of the problem
as well as part of the solution. It is a more fundamental
quesiton about the structure of the technology seen as a

dispersed organisational system.

Scientific post accident investigations throw light as if
accidents and their gestation were the only time of "deviation"
from what are assumed to be clearcut and proper rules. This
perhaps reflects the institutional involvemnt in the design of

that "normal" system. Yet it is increasingly appreciated that
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normal practices are pregnant with accident potential (Perrow,
1984). Such practical system evolve informally, often according
to criteria and constraints that are highly localised, say to
the shopfloor, or to one plant in an interdependent network. At
that location or level they may be rational practices, perhaps
even essential to getting the job done at all. (Wynne, 1988).
If the water tunnel drivers had stopped work every time they
Suspected methane, or that a measurement formally required by
regulations was inconclusive, they would have delayed the

project by years.

Such situations are far from untypical, indeed they can lay
claim to being normal. yet the wider appreciation of these
"private" realities of technological practice- paradoxically
ones well recognized by most ordinary people, who are often
after all participants in them- are surprisingly resistant to

more formal systematic appreciation and analysis by experts.

Although the problems of post accident learning ultimately defy
complete resolution, wider appreciation of the internal
processes of normal technological practice would help prepare
inquiry, public and policy responses to examine a wider agenda
of questions, about the routine regulation, and regulability of
normal practices in the field in question. This would naturally
include questions about institutional arrangments of control

and regulation of the technology.

Accident 1nvestigating institutions could also advance their
own and the wider system's learning by adopting methods and
approaches which explicate and examine the unstated assumptions
and commitments which shape, from its beginning, the process of
scientific investigation. Since this is usually the first and
most authoritative phase in shaping policy attitudes and social
responses, it is particularly important that its practitioners,
and the policy world, should be aware of the extra-scientific

considerations which precede and shape it.
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1. It also incorporated a need to define what was “common" or
"standard" engineering knowledge and practice in relation to
methane in similar schemes. As we shall see, what was or was
not “"methane" and "similar schemes" were open to crucial
interpretive licence. In effect one had to open up the issue of
the safety or acceptabllity of previous taken for granted
attitudes, knowledge and practice in commercial civil
engineering- as implicitly licensed by the regulatory body now
investigating the accident.

2.The Fluid Process Research Group of the British Geological
Survey: 1Isotopic and Chemical Analyses of Gas and Associated
Water.

3.The Commonwealth Mycological Instituté report.

4. The Rowett Research Institute report.

5.The Harwell Low Level Measurements Laboratory report.
6.Health and Safety Executive: The Abbeystead Explosion: Report
of an Inquiry. London 1985.

7. Personal communication.

8. Implicit in this stance is an interesting ambiguity about
the responsibility of a profession for not knowing something
important for the safety of its practices - the solubility of
methane in water under pressure- that was apparently known in

other professional circles, and in the public domain.
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Policy Responses to Large Accidents
International Institute for Applied Systems Analysis
A-2361 Laxenburg, Austria
(Woodak Room)

January 16-17, 1989

Final Agenda

January 16, 1989 (Monday)

08:30-09:00
09:00-09:10

09:10-09:20

09:20-10:00

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00

12:00-12:30

12:30-14:00

14:00-14:30

14:30-15:00

Registration

Welcome address
R.H. Pry

Organizational matters
G. Kromer

Introduction
B. Segerstahl

The European Community Policy to Control Major Hazard
A. Amendola and P. Testori Goggi (presentation by H. Otway)

Coffee break

Session 1
Chairman: M. Poumadere

Estimation of Risk and Stabilization Mechanisms
V.I. Rotar

Policy Responses to Large Accidents: A Research Perspective
D.W. Fischer

Large Accidents and Risk Levels
P. Wulff

Lunch

Session 2
Chairman: L. Sztanyik

Systems Approach to Large Accidents Management
R.A. Perelet, B.N. Porfiryev and G.S. Sergeev

Criteria and Indices for Safety Analysis
V.F. Demin




15:00-15:30

15:30-16:00

16:00-16:30

16:30-17:00

17:00-17:30

17:45
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Large Accidents and Demands to Safer NPP of New Generation
V.M. Novikov, N.N. Ponomarev-Stepnoi, and I.S. Slesarev

Coffee break

Session 3
Chairman: B. de Marchi

Learning from Chernobyl. The Right to Information and the Problem of
Communicating About Major Hazards
A. Liberatore

Chernobyl - Its Perception by the West German Population and its Impact
on Policy
H.P. Peters

Analysis of Accident Factors of the Possibility of Nuclear War
S. Kapitsa

Departure to Vienna

January 17, 1989 (Tuesday)

09:00-09:30

09:30-10:00

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00

12:00-12:30

12:30-14:00

Session 4
Chairman: P.S. Gray

Economic Indicators for Risk Analysis
L. Krechetov

Risk Management of Industrial Hazards in Canada
J.H. Shortreed and D. W. Bissett

The Market Failure as Functional Economic Moment
M. Huber

Coffee break

Session 5
Chairman: H. Otway

Fighting in Defense of Man
G. Borrells and N. Pacilio

The Evolution of French Opinions About Nuclear Matters Before and After
Chernobyl
M.H. Barny, S. Bonnefous, J. Brenot and J.P. Pages

The System’s Ability to Learn: Some Basic Problems in Post-Hoc Accident
Assessment
L. Aistken and B. Wynne

Lunch
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Session 6
Chairman: B. Segerstahl

14:00-15:30 Summaries and Conclusions
15:30-16:00 Coffee break
16:00-17:00 Panel discussion

17:15 Departure to Vienna

(The presentations are scheduled to take no longer than 20 minutes in order to leave 10
minutes for discussion.)





