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PREFACE

It is always pleasant to claim authorship of an idea that results in a successful pro-
duct. Itis doubly so when the innovation is an event that borders on the unique. In today’s
contentious world, a frequent occurrence in many countries and in many societies is the
opposition of the individual to the general good,

The subject of the week long meeting, whose transcribed dialogues and debates are
presented below, was just such instances deriving from technological development. In
examining, in a comparative international context, the formal and informal procedures
for resolving the problems of the siting of large industrial plants (in this case those treating
liquefied energy gases), it became apparent that much would be learned from a structured
confrontation of the views and ideas of the several interested parties in a research forum.
If this could be achieved in a neutral, disinterested setting then the hypotheses of the
IHASA research team could be tested before people who had taken active part in the social
and administrative decision making.

Thus descriptive and interpretive case studies and models developed by the 11ASA
team after visits and interviews in the countries studied were used as the bases of the dis-
cussion and debate that took place in plenary sessions at Schloss Laxenburg. Civil servants
from France, engineers and economists from the USSR, environmentalist leaders from the
UK, the US, and the Netherlands, industrialists from the FRG, and local government offi-
cials, safety assessors, and social risk theorists from these countries together with [|ASA
staff may seem an unlikely, cumbersome, and even volatile mixture, but in the event it
was exactly this amalgam of conflicting interest and opinion that produced a remarkably
sharp and useful debate.

From it the team drew new insights, found new paths to explore, perceived new,
simplified models of the procedures, formed a more cohesive ‘‘team view’’ of the world,
and cemented useful and happy friendships with the hand picked participants.

The participants, each guided by interview and correspondence before the meeting
into the development during the discussions of some particular aspect of the problem,
gained further appreciation of the contrary and complementary views, recognized more
clearly the universality of the problem and the particularity of some of their own national
cases and found also that this academic interaction with real problems {which will lead to
the open literature) held interest and hope for them. One participant hoped that “‘his soul
would be saved’ at this meeting, if policy implementation and analysis could be coupled.
This short phrase covers much maore than the above results indicate as achievements, but
they are a move along the Damascene road leading technology to society.

{ hope you will enjoy and profit from reading the edited praceedings presented here.

CRAIG SINCLAIR
Brussels
December 1981
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1. INTRODUCTION

BACKGROUND

The siting of any large-scale energy or chemiceal facility poses deci-
sion problems which involve economic, environmental, and safety con-
siderations as well as technological choices. The research project at
IIASA is concerned with the systematic analysis of these decisionmalking
processes with a view to improving their effectiveness and efficiency. As
an international research organization of wholly neutral stance and esta-
blished analytical expertise, [IASA is perhaps uniquely placed to explore
socially acceptable solutions to problems involving technological risk.

IIASA's research on such decision processes and policies focuses on
the siting of liquefied energy gas (LEG) facilities. The LEG study is
appropriate for several reasons. First, LEG is already an important fuel
tfor energy importing countries. Second, many of these countries and
others are at various stages of planning LEG terminals. Third, LEG has
received more scrutiny, in some respects, than many other hazardous
substances. Thus, comparison of LEG siting procedures with other
apparently similar problems could also be fruitful.



Liquetied energy gases (LEG) are comprised of two similar sub-
stances, liquefied natural gas (LNG) and liquefied petroleum gas (LPG).
This potential source of energy requires a complicated technological pro-
cess for transportation and storage that has the potential, albeit with low
probability, of creating severe losses to populated areas. For purposes of
transportation and storage these energy gases are liquefied to reduce
their volume hundreds of times. For example, natural gas is chilled to
-260°F so that it becomes a liquid at about 1/600th of its volume at
atmospheric pressure. Therefore, a tank of LNG has 600 times as much
energy as an equal sized tank of natural gas. If these liquids spill from
their containers, they vaporize and become highly flammable and explo-
sive gases. A major spill in a densely populated area, whether by accident
or sabotage, could have catastrophic consequences (US General Account-
ing Office 1978).

Liquefied energy gases are shipped in specially constructed tankers
and received at a terminal where they undergo regasification; they are
then distributed to different parts of the country, mostly by pipelines
with the remainder carried by trucks or railcars. Figure ! depicts the
different elements of the system. The entire system (i.e., liquefaction

PRODUCING COUNTRY OCEAN TRANSPORTATION IMPORTING COUNTRY
Ligquefaction and Receiving
Natural Gasfield Related Facilities Tanker Fieet Terminal Facilities
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Adopted from Jensen Associates, Inc.

Figure 1. Major Segments of a Liquefied Energy Gases Project.

facility, the LEG tankers, the receiving terminal, and the regasification
terminal) can cost more than 81 billion (in US dollars) to construct. Fer
example, a large 500 million cubic feet per day project with four shifts
would require a 82 billion expenditure ($1 billion for liquefaction/export

i Gas to
Distributor



facilities, $8600 million for the four shifts, and 8400 million for
import/regasification facilities) (Office ot Technology Assessment 1977).

The first LNG import facility was built in Cleveland, Ohio, US, in 1941,
but after three years of service, the storage tanks ruptured, spilling LNG
on adjacent streets and sewers. The liquid evaporated, the gas ignited
and exploded resulting in 120 deaths, 300 injuries and approximately $7
million in property damage (Davis 1979). This accident set back develop-
ment for approximately two decades. Interest in utilizing this technol-
ogy. however, has accelerated in the last ten years as concern with alter-
native sources of energy has attracted attention.

The siting of large LEG handling facilities poses difficult technical,
economic, and political problems. Proposed and existing terminals are
large-scale operations located in coastal zones and near major shipping
channels, some in major harbors or near population centers. They
require considerable amounts of land and capital, and represent a large
concentration of energy at a single site. Since the technology. like many
others, cannot be proven absolutely safe, there exists a risk to the sur-
rounding population. The location of a terminal, thus, can be a major fac-
tor in its safety. The magnitude and extent of any resulting damage from
an LNG/LPG spill can depend on the proximity of the terminal and
storage sites to other industrial and residential areas. Since a site
remote from a populated, industrial area is usually costly in terms of
both higher gas prices to the consumer and environmental degradation of
the area, the choice of site poses the problem of weighing benefits versus
risks.

Such tradeoffs, by no means unique to the siting of LEG facilities, are
currently receiving a great deal of attention. An area of research, usually
known as risk assessment, has evolved to answer questions of "what is an
acceptable risk?” or "how safe is safe enough?” A standard approach to
such questions is to estimate the risks, in probability terms, and to deter-
mine the acceptability of these probabilities. In this way, the debate has
often narrowed to inquiring whether, for example, a :LO'6 risk of death
resulting from the introduction of a technology is acceptable or not
acceptable.”

*It has been suggested that, where appropriate, this question be framed in terms
of (a) the background risk—is the population routinely exposed to this risk from
patural sources?, gg) revealed preferences-—-does the population accept other ha-
zards posing a 10 - risk of death?, or (c) expressed preferences--if questioned,
would those affected be willing to accept this risk given the benefits of the tech-
pology?



It has become increasingly clear that this approach to the problem is
helpful, indeed necessary but not sufficient, in determining the accepta-
bility of a large-scale technology. Many of the concerns germane to the
debate cannot be addressed by a risk analysis alone. Indeed, the atten-
tion given to the safety issue, in some cases, may be reflecting deeper
and more vague concerns over the future of a high-technology society.
These concerns might be articulated in many ways, including an
expressed distrust of the "expert” calculations or an unwillingness to
accept the imposition of any probability of an event judged to be catas-
trophic.

In addition, the issues may be one of who bears the risk and who
receives the benefits. Nearly every choice affecting public safety will
yield results desirable for some groups and undesirable for others. Ulti-
mately, the query “how safe is safe enough?"” is a political question, to be
decided in the arena of political choice. No totally accepted technique
exists for separating completely the fact and value judgments required.

It is this reasoning that has led the 1IASA Risk Management Group to
choose an institutional approach to the analysis of problems dealing with
technological risk. Since the question whether an LEG facility poses an
acceptable risk to the public, or whether it should be sited at a more
remote site at higher cost, is finally decided on political grounds. it is
important to understand the participants, institutions and processes
comprising the decision-making forum.

The most acceptable risk is that associated with the most acceptable
option, and this choice depends on the problem definition. So, as a start,
it is necessary to identify exactly what it is that is being decided. Is the
choice simply where to locate an LEG import or export facility bearing in
mind the economic, environmental and safety factors? Or is the choice
rather one of energy policy, a question of whether the proposed project is
consistent with long-term energy goals taking into account conservation
measures, development of alternative energy sources, public safety and
econommic growth? The breadth of the decision, to a large extent, defines
the processes which will evolve to handle it and vice versa.

Turning to the decision process, there are several levels at which the
IIASA group investigations advance. On a descriptive level, we ask who are
the participants and interested parties, and how do their preferences
weigh in the final choice of the site? Who makes this final choice: the
national, regional or local authorities? How is this choice made? We
investigate both the formal and informal channels by which the views and
demands of these parties are communicated.



On a more analytical level, we identify the crucial decision points and
ask why these decisions were taken. What factors had the most weight in
forcing the choice? What were the motivations of the parties, and what
were their institutional constraints? Other important criteria for analyz-
ing the institutional procedures are the types of information being fed
into the process and the channels open to the information flow. Who col-
lects what information, when? Who has access to this information? How
is it biased by the institutions or groups who manage it? A related ques-
tion 1s that of how the choice of a sovereign agency, with its mix of profes-
sionals, can influence the decision?

On yet another level, we try to evaluate this process. How legitimate
are the procedures as viewed by the parties involved? If there is a forum
for public debate, how effective can this forum be in light of the complex-
ity of the issues? Can the problem be openly discussed in all its aspects?
Most importantly, we ask how the public perceives the procedures in
terms of their openness and fairness. :

Of special interest to the IIASA work is the role that formal risk ana-
lyses play in the process. Does a detailed analysis of the risks promote
reasoned debate by allowing the protagonists to identify points of
disagreement, or does a risk analysis inhibit debate by the use of sophis-
ticated, and often difficult to understand, methodologies?

It is also important to investigate the costs of the proceedings. An
open process is expensive in terms of the time lost to participants, the
hearing costs and the volumes of reports generated by the many interest
groups. One is tempted to add delays to this list; however, the lack of an
open process may itself generate strong opposition and delay the process
even more. Indeed, even the role of delay is ambiguous. Whether the
time lost in siting a large-scale facility is indeed a cost depends on the
immediacy of the need, the alternatives, and the contemporaneous
desirability of the project. Delays allow time to reflect as well as time to
discover new alternatives.

On a final level, it is important to ask if the process can be improved.
Are the procedures leading to the selection of a site for an LEG terminal
appropriate in terms, inter alia, of their accessibility to the public, their
potential for early consideration of alternatives, the avoidance of
unnecessary delays, and a total increase in national welfare?

The intent of this Task Force Meeting was to bring together people
involved in the siting of LEG facilities, to explore these issues in the con-
text of five selected countries: the Federal Republic of Germany, France,
the Netherlands, the United Kingdom, and the United States. The



participants were selected to represent all levels of involvement, includ-
ing local citizen groups, national environmental organizations, govern-
mental regulatory agencies, industry. as well as the analysts involved in
the siting problem. The views expressed and the problems raised during
this meeting have guided the work of the IIASA Risk Group in their com-
parative study of siting LEG facilities. A major focus of this work is on the
role of experts and analyses in the siting processes given current limita-
tions on human knowledge and on the understanding of risks from han-
dling liquid energy gas.

In this volume are papers that were prepared for the Task Force
Meeting. The majority of these papers were presented to the partici-
pants, with subsequent discussions. Edited versions of these discussions
can be found following the appropriate presentation. In three instances,
the actual presentations made by certain participants were deemed
worthy of also being included in this volume, as they differed from the
prepared paper.

REFERENCES
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Office of Technology Assessment. 1977. Transportation of Liquefied
Natural Gas. Washington, DC: Office of Technology Assessment.
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INTRODUCTORY STATEMENTS

CHAIRMAN CRAIG SINCLAIR: This afternoon we want to discuss the prob-
lem of the use of analysis and its limitations. We will be talking about par-
ticular sites in the following couple of days. The final morning has been
left open with the agenda to be decided during the week. Before moving
to the IIASA presentations I would like each person to introduce him or
herself and briefly indicate what they hope to see come out of this meet-
ing.

Before beginning, two administrative remarks. One is that we are funded
by the German Federal Ministry for Research and Technology (Bun-
desministerium fir Forschung und Technologie--BMFT) and Dr. Werner
Salz is representing that institute here. Secondly, we plan to publish the
proceedings. We certainly will not publish any of the papers or the dis-
cussions which are being taped at the moment, without your express per-
mission. We hope that the discussion can be Chatham house rules (as the
British say) which means "Safe from quotation without permission of the
author.”

PARTICIPANTS

WILLIAM AHERN (USA): | work for a special agency in California (the Cali-
fornia Coastal Commission) which is supposed to protect Malibu, Big Sur,
and other areas along the California coast from developments such as
Liquefied Natural Gas terminals. 1 am here, because, as you know, we like
to experiment in California with Roller Skates, disco dancing, surfing and
other such things. We also experiment with energy facility siting
processes; I would like to know how it's done in other countries.



ANTHONY BARRELL (UK): 1 am a chemical engineer administrator from
the Health and Safety Executive in the UK. This is the regulatory agency
responsible {for Health and Safety Legislation in Britain. During this week
I look forward to listening to what everybody else has to say and to learn
from their experiences. Also, I hope to mmake some contacts for the
future.

NIALL CAMPBELL (SCOTLAND/UK): 1 work in the Scottish Development
Department which is a central government department involved with one
of the case studies, Mossmorran. I am interested in finding out the pro-
cedures and approaches which are used in other countries facing a simi-
lar type of problem.

C.D.J. CIERAAD (NETHERLANDS): 1 am with the same institute as Jaap
Schwarz. but in a different department, the Energy Studies Department.
As a decision analyst 1 have been working in the risk and energy policy
areas. ] am here because | am very much interested in improving my
insights into political decision making processes, and better understand-
ing the role analyses can play in these processes.

LOUIS CLARENBURG (NETHERLANDS): 1 am the Administrator for
Environmental Care of the Rijnmond Authority, a small territory around
Rotterdam which has an important harbor. As for my background, I refer
to myself as a professional layman. What I would like to get out of this
meeting is a better appreciation of the risk analysis of the LEG chain, of
which siting is only a small part.

PHILIPPE CRUCHON (FRANCE): I am working in the gas department of the
french Ministere de l'industrie.

NORBERT DALL (USA). My professional training is in political analysis.
For the past four years ] have spent much of my time giving Bill Ahern
and sometimes Randy Deutsch a bad time as project manager of the
Sierra Club’s intervention in the Point Conception LNG project in Califor-
nia. The Sierra Club is a major environmental organization of 200,000
members in North America. I am now the executive director of the non-
profit Alliance for Coastal Management, a more broadly based organiza-
tion involving business, labor, and some environmentalists, that is review-
ing and seeking to improve California’'s coastal management program. My



interest in coming here is to increase my comparative understanding of
major industrial facility planning, decision-making, and societal
responses.

RANDOLPH DEUTSCH (USA): 1 am an attorney with the California Public
Utilities Commission. ] have represented the commission and the State of
California on LNG projects for the past five years. | am here somewhat as
a devil's advocate. | have a limited scientific background and 1 will hor-
rify you by telling how we misuse, and how little we do use analysis. From
this meeting [ hope to gain knowledge of ways in which other countries
use the scientific approaches being developed.

RALPH KEENEY (USA): ] was at 1JASA from 1973-75, and I now work on
decision and risk analyses and siting problems for Woodward-Clyde Con-
sultants, a consulting firm in San Francisco. 1 would like to outline in this
meeting an approach to siting that has a lot of advantages, but I will also
indicate what it cannot do. ] hope to gain a lot of specific insights from
you, who have much more expertise on specific problems than I do, to
help improve the role analysis might play.

SALLY MACGILL (UK): 1 am a lecturer in Geography at Leeds University. 1
have undertaken a case study of the Mossmorran and Braefoot Bay Facil-
ity. I am interested in finding out how decisions for similar facilities else-
where are taken.

YU. MAKSIMOV (USSR): | work with the economics department at the
Siberian Institute for Economics and Organization of Industry. 1 want to
present information on economic programs for improving production in
gas pipeline and other transportation methods.

DICK MEHTA (UK): Amongst other things, ] am chairman of the Citizens
Action Group representing a community that may well be affected by the
Mossmorran development. In that sense, my perception of this problem
is somewhat different from that of others here, because 1 am at the
receiving end of the risk takers. At the same time, ] think ] can show that
our reaction to the Mossmorran decision has been far from a purely emo-
tional one, and that we as a community have been able to provide a fair
amount of input into the safety debate on Mossmorran. And since
Mossmorran has been chosen as a case study, | hope to demonstrate that
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decisions of this sort are being taken, even in supposedly technologically
advanced countries, in a purely haphazard and bizarre way without much
conception of the problems involved. 1 hope during the course of the
meeting to be able, as a non-scientist, to bring you scientists down to
earth from time to to time, from the cloud cuckoo land of risk analysis
and systems analysis. | hope by the end of this meeting we will have an
adrnission by the scientists that there are problems to which they do not
have the answers and that, therefore, sensible siting criteria ought to be
appled when planning for major developments.

ROBERT NORTON (USA): 1 am from Distrigas in Boston, Massachusetts. 1
hope to point out that perhaps the siting of LEG facilities with no recourse
to systems analysis, in fact, has not worked out all that badly. Yet, within
the framework that does exist, ] think there are definitely applications for
systems analysis with existing facilities.

YU. OSEREDKO {(USSR): 1 am chief engineer for the All-Union Designing
Institute for Gas Industry in Kiev, and 1 want to present for your informa-
tion, details of the construction of an experimental Russian complex for
LNG in Yerevan, Armenia.

HARRY OTWAY (USA, UK, ITALY): ! am from the Joint Research Centre of
the European Communities in Italy. 1 have been involved in both techni-
cal and social risk analyses for the past 15 years. Now [ am starting to
see that analysis is essentially irrelevant to the process of policy forma-
tion. 1 think that in practice there is not much connection between
analysis and policy. Perhaps this meeting will convince me otherwise.

JERRY RAVETZ (UK): 1teach the History and Philosophy of Science at the
University of Leeds and | have been interested in science (taken in a gen-
eral sense) as a social activity. Some years ago, I worked with the Council
for Science and Society in London, and I have continued to work on the
acceptability of risk. I then got the feeling that risk is one focal problem
for our society, and 1 have been studying the philosophy of risk and risk
management ever since. My interest in a meeting like this is to see how
scientific knowledge or technical expertise are applied in ways which are
relatively new for sociologists of science. I think we have new conceptions
of scientific knowledge, new conceptions of the scientific role, which I
believe quite urgently need sorting out. So I have come to this meeting,
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partly to reflect in your presence on risk problems and partly to reflect
on the way on which scientific knowledge is deployed. I hope to learn as
much as | can.

LUCAS REIINDERS (NETHERLANDS): 1 was trained as a molecular biolo-
gist, and more recently moved into interdisciplinary studies related to
environmental aspects of technology. Currently I am working with a non-
governmental organization in Holland. My main interest is in the struc-
turing of decision problems in relation to risky activities, with special
interest in the descriptive/prescriptive point of view.

WERNER SALZ (FRG): | am from the Ministry for Research and Technology
in Bonn where | am working in a group concerned with safety engineering.
This group is part of the energy division. From this session ] expect to
gain an international perspective on how decisions for energy processes
are made, and what significant differences exist between these countries.

JAAP SCHWARZ (NETHERLANDS): 1 am working at the Policy Analysis
Department at TNO, the organization for applied scientific research. I
have been working in the field of risk for about 6 years. | am very much
interested in the feedback processes from society to technological
development. ] hope we will come a little bit further in this meeting on
how we define these feedback processes.

ROBERT VINCENT (FRANCE): I work for Gaz de France, where ] have been
focusing on the LEG area for more than 15 years. | am presently
employed in the department which deals with LPG supplies, LNG terminal
siting, and operations. With the exception of Mr. Norton from Distrigas, I
feel ] am the only one in this assembly who has practical experience with
LNG terminals in operation. I can't define precisely what I am interested
in in the next few days; [ can only say that ] am here as an observer.

SINCLAIR: We can qualify David Bull as an Industry Man and we have com-
ing on Thursday, Dr. Schwier from Ruhrgas, so Dr. Vincent won't be the
only industry man here.
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IIASA STAFF MEMBERS

HERMANN ATZ (AUSTRIA): 1 have just started to work with the LNG pro-
ject at TIASA. My training is in physics and more recently in political sci-
ences. ] have two interests in the task force meeting. First. ] hope to
gain more general insights into the problems of LEG siting, and second, 1
hope to get information on the political processes in the context of
specific case studies.

DAVID BULL (UK, SWITZERLAND): During the last eight years ] built up a
rather large research group working on industrial hazards. One of my
better customers was the LNG and LPG interests. | have been concerned
with the hazards of explosion and fire. with the quantification of their
effects, and with the fundamental mechanisms by which they can be
appraised. I am concerned, of course, by the use which is made of this
information and in particular by the way in which the uncertainty
attached to the physical processes is handled in some of the siting pro-
cess schemes. Over the last year ] have been working with the IIASA
team, but this summer moved to Zurich.

HOWARD KUNREUTHER (USA): 1 am here at I1ASA on sabbatical from the
Department of Decision Sciences at the Wharton School, University of
Pennsylvania. Since coming here in mid-July, 1 have been particularly
interested in the LEG project, because it represents a very interesting
prototype for the kind of work that is needed in understanding a wide
variety of different problems involving societal risk management. Later
this morning 1 will suggest ways that one may begin to integrate some of
the descriptive aspects of the problem with the prescriptive side. 1 hope
to gain from all of you insights into how this applies to LEG.

JOHN LATHROP (USA): 1 am a scientist at JIASA, part of the research
team that organized this meeting. My motivation to go into the line of
research we are pursuing here grew out of my attempts to get risk
evaluations performed and get them incorporated into political decision
processes. After much effort I found myself saying: "Hey, Nobody is
listening to me.” ] foolishly thought that perhaps if I shouted a little
louder or added one more dimension to my evaluation, maybe | would be
heard. Well, nobody has listened to me yet, a fact we can blame on any
number of things. But in the course of this week I would like to gain some
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understanding of how we can promote communication between people
like me and the people who really make the decisions.

JOANNE LINNEROOTH (USA): | am a member of the 1JASA team, where I
have been working for several years in the area of risk analysis. I have
been working with Harry Otway, and I'm afraid some of his cynicism has
worn off on me. In fact, this is one of the reasons that 1 am pleased with
the institutional approach to the questions of acceptability and the safety
of technological risk that our group is taking. We are trying to look at
these questions within the framework of the political decision process.
That is why you are all here, and 1 hope to learn from each of you some-
thing about these processes and how formal analyses can be of use to
you.

MICHIEL SCHWARZ {NETHERLANDS): ] have been working with the 1IASA
tearn on policy analysis of LNG siting decisions, particularly in the Nether-
lands. 1 had lirnited experience before in risk studies, but I have been
involved in policy analyses, especially on science and technology. I am
normally working with the Science Policy Research unit at the University
of Sussex in the UK, where my main interest is government policy on
large-scale technological projects. Obviously LNG and LEG siting deci-
sions are relevant in this context.

MARK SHAREFKIN (USA): My current affiliation is with Resources for the
Future in Washington, D.C. ] am temporarily at the Department of
Economics at the University of Stockholm (the Industrial Institute for
Economics Research). ] am a mathematician by training, and for the last
ten years | have worked a lot with the U.S. Congress. Currently, and for
the next three or four years, I will be involved with a project which is
aimed at contributing to the design and implementation of the toxic sub-
stances control act in the United States. I have, for obvious reasons, a
keen interest in sorne parallel cases so we can learn from them.

MICHAEL THOMPSON (UK): 1 am a social anthropologist here at IIASA for a
year, with the Systems Decision Sciences area. [ would approach risk
rather in the way that an art historien approaches art. I am interested in
the aesthetics of risk, in styles of risk handling. What would interest me
in this meeting would be to see which different styles are being advocated
or pursued. I put on this little Tibetan badge this morning because I
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thought there might be one style not very well represented here--the
Lamaist Buddhist style of risk handling. When the Dalai Lama was in
Berkeley last year, sormnebody there asked him about technological risk,
about all these things that are going to happen to us, and he replied that
"if its soluble, no problem. Ifit's not soluble, no problem."”



11. CONCEPTUAL ISSUES AND SELECTED LEG CASE STUDIES

The papers presented in this section describe specific case studies as
they relate to TIASA's research on LEG siting processes and decisions.
They create a framework for organizing the issues and motivating the
debate. The aspects discussed include: the alternatives considered; the
decisions faced; the participants involved in and groups affected by those
decisions; and, the objectives and tradeofls of those participants. The
problem structure attempts to represent the ways interested parties par-
ticipate and interact in various types of hearings, court proceedings,
legislation, media, polls, political processes, etc. Other Key foci include
the roles that technical, economic, and risk analyses play in the overall
process.

The first paper, by Howard Kunreuther, is concerned with "“Societal
Decision Making for Low Probability Events: Descriptive and Prescriptive
Aspects.” Michijel Schwarz has done a short informative case study on
LNG siting in the Netherlands. The paper by S.M. Macgill provides back-
ground information to the decision to allow the construction of a large-
scale LEG facility at Mossmorran and Braefoot Bay in Fife, Scotland.
Finally, Joanne Linnerooth has done a short history of the siting of the
California LNG terminal in the US.
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SOCIETAL DECISION MAKING FOR
LOW PROBABILITY EVENTS:
DESCRIPTIVE AND PRESCRIPTIVE ASPECTS

Howard Kunreuther
IIASA

1. INTRODUCTION*

Society has become increasingly concerned with the appropriate
procedures for evaluating projects which promise to yield long-run bene-
fits, but also create potentially catastrophic consequences. Recent exam-
ples of such problems are the siting of energy facilities such as nuclear

power plants or liquefied natural gas {LNG) terminals.

This paper has two principal purposes. Utilizing recent theoretical
and empirical contributions to the literature on choice under uncer-
tainty, 1t proposes a descriptive model as to how such decisions are

reached in the United States. On the basis of this descriptive model,

*This peper, prepared for the [[ASA Task Force Meeting on Liquefied Energy Gases, refiects
many heipful discussions with [IASA colleagues—onn _atnarop, Joanne Linnerooth, Michie!
Schwarz, Creig Sincleir, and Michael Thompson. Randoiph Deutsch, John Lathrop and Raiph
Keeney provided helzfui comments on an eariier draft of this paper.
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suggestions are made for improving the process. The paper thus
attempts to integrate descriptive and prescriptive components for

analyzing these societal problems.

Section Il sketches the elements of a descriptive model of the socie-
tal decisionmaking process. This model describes the process of choice
by individual parties, each of whom have specific goals and objectives,
limited information which are guided by these objectives, and scarce
computational resources. It is thus in the spirit of what Simon (1978)
terms procedural rationality. The model extends these notions to the
case where there are several interested parties who must interact and
arrive at a solution for a particular problem.. Hence there is an additional
layer of complexity imposed on the structure—the interaction between
stakeholders who may have different objectives and hence differential

information bases.

Section IIl illustrates the descriptive model with empirical evidence
from the LNG siting decision procéss which has been studied extensively
(see Ahern 1980a; Deutsch 1980; Lathrop 1980; and Linnerooth 1980). The
paper also utilizes material from studies by Davis {1979) and the Office of
Technology Assessment (1977) on the nature of the LNG controversy in
the United States. Section IV indicates how we might improve the current
situation by recognizing that the descriptive process 1s based on a
number of institutional and legal constraints which may be difficult to
change. In developing these prescriptive measures, | will build on the
concepts of decision analysis as applied to siting decisions {Keeney 1980),
the concepts of assumptional analysis developed by Mitroff. Emshoff and

Kilman {1979) as well as policy analysis. Section V provides a brief set of



19

conclusions.

II. DESCRIPTIVE MODEL OF SOCIETAL DECISIONMAKING

Relevant Concepts

In contrast to most textbooks analyses of decisionmaking under
uncertainty, where there is a well specified set of probabilities of certain
events occurring and potential gains or losses from them. the problems
discussed i1n this paper have grave uncertainties about them. For one
thing. there has not been a long history with which to build a statistical
database. The technologies are relatively new and in many cases past
experience provides us with limited guidance as to the chances of severe
accidents occurring. In a similar vein one has to speculate as to what the
losses might be should a particular catastrophic event occur in a given
location. These two elements of uncertainty represent a challenge for

both risk analysis and decisionmaking

On the analysis side, there is a need to systematically estimate pro-
babilities and consequences from both past data and judgmental studies.
There is an extensive literature from controlled laboratory experiments
over the past decade which have uncovered a set of biases and heuristics
that individuals utilize in deaiing with low probability events {Fischhoff, et
al 1n press; Tversky and Kahneman :974). Other studies have suggested
that the context in which a problem is framed plays a key role in how peo-
ple make their decisions {Hershey, et al. :980; Tversky and Kahneman in

press). These findings, partly due to computational limitations on the
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part of individuals, present a challenge to the analyst who would like to
improve the decisionmaking process. An attempt in this direction has
been taken by Fairley (1977) who provides a detailed set of guidelines for
estimating "small” accident probabilities based on a consideration of
catastrophic risk analyses for LNG marine transportation. His motiva-
tion for suggesting systematic analyses, is that there is a great danger
that many sources of an accident will otherwise be omitted. In addition,
there are numerous opportunities for bias with respect to judgmental
estimates of accident probabilities when there is not a long history of
past events. Similar reasoning would apply to the analysis of losses from

a given accident, such as a major breach of an LNG tank.

On the decisionmaking side, the lack of a detailed database implies
that different stakeholders or interested parties will have different esti-
mates of the probabilities and the losses that guide their own judgments.
I will loock at the process in terms of a scenario involving a number of dif-
ferent decisions, which taken together resolve a particular problem.
Some of the decisions may be solved in parallel by different parties; oth-

ers may be dealt with sequentially.

The decentralized and sequential nature of the process are Key con-
cepts which guide the descriptive analysis. March (1978) characterizes
this process as one of limited rationality, whereby individuals and groups
simplify a large problem into smaller pieces because of the difficulties
they have in considering all alternatives and all information. Support for
these concepts at the level of governmental, firm and consumer decision-
making comes from several quarters. Lindblom (1959, 1965) emphasizes

the incrementalism in decisions made by bureaucracies where there is a
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tendency for grvernment agenciles tc "muddle through” by making small
changes from the status quo rather than attempting to structure and
solve a larger problemn. Cyert and March (1963), in their classic study of
the behavioral theory of the firm. provide empirical evidence on this
behavior by showing how organizations decentralize decisions and attend
to different goals and objectives at different times. Bettmann (i1979)
integrates findings from a number of studies and suggests that the consu-
mer simplifies the decision making process by decompartmentalizing the
problem, utilizing limited search, and behaving sequentially with

appropriate feedback loops.

Another important concept, which also relates to the uncertainty of
information on probabilities and losses, is the importance of exogenaous
events in influencing the decision process. Random events, such as disas-
ters, play a critical role in triggering specific actions to "prevent” future
crises. The small data base for judging the frequency of low probability
events, coupled with systematic biases of individuals in dealing with con-
cepts of chance and uncertainty, increases the importance of a salient
event in the decisionmaking process. Tversky and Kahneman (1873)
describe this phenomenon under the heading of availability, whereby one
judges the frequency of a event by the ease with which one can retrieve it
from memory The importance of past experience in influencing consu-
mer decisions to purchase insurance against low probability events {Kun-
reuther, et al. 1978) reflects this characteristic of human behavior In a
similar spirit. March and Olsen (1978) suggest that random events and
their timing play a critical role in many organizational decisions because

of the ambiguity of many situations and the limited attention that can be
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given to any particular problem by the interested parties unless it is per-
cewved as being critical. They provide empirical evidence to support their
theory using empirical studies of organizations in Denmark, Norway, and

the United States.

With respect to legislative decisionmaking, Walker (1977) suggests
the importance of graphically and easily understood evidence of trouble
as an important factor in setting the discretionary agenda of the U.S.
Congress or a government agency. He also suggests that the political
appeal of dealing with a specific problem is increased if it has an impact
on large numbers of people. To support these points, Walker presents
empirical evidence on the passage of safety legislation 1n the U.S.
Numerous examples of this process are also provided by Lawless {1977)
through a series of case histories of problems involving the impact of

technology on society. He points out that frequently:

new information of an "alarming” nature is announced and is

given rapid and widespread visibility by means of modern mass

communications media. Almost overnight the case can become

a subject of discussion and concern to much of the populace,

and generate strong pressures to evaluate and remedy the prob-

lem as rapidly as possible. (p.186)

In the case of decisions such as the siting of facilities, random events
such as an LNG explosion or an oil spill may be sufficiently graphic and
affect enough people to cause a reversal of earlier decisions, inject other
alternatives into the process and change the relative strength of parties

interested in the decision outcome. The mass media may play critical

role in focusing on these specific events and in many cases exaggerating
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their importance.

Model Formulation

The concepts discussed above have motivated the following descrip-
tive model of the societal decisionmaking process. A scenario consists of

a sequence of decisions iDl, ... D which have to be made by different

Xt
interested parties. In focusing on any particular problem, it is necessary
to specify what the n different decisions are that comprise a particular
scenario. For example, Ahern {1980a) and Linnerooth (1980) have con-
structed a detailed flow diagram of the different decision points with
respect to the siting of the LNG terminal in California. Here the process
begins with the Western LNG Terminal Company filing an application with
the Federal Power Commissiop (FPC) for terminal facilities. It continues
through a set of interactions between federal, state and local governmen-
tal agencies, as consumer groups and the Western LNG Terminal. In the
case of the nuclear power plant licensing decision Jackson and Kun-
reuther (1980) have constructed a scenario which emphasizes the decen-
tralized nature of decisions by separate divisions of the Nuclear Regula-
tory Commission. The performance of a plant under a series of predeter-

mined accident scenarios is a basis for the final decision as to whether or

not to approve a power plant

These two examples suggest that, although one can look at a particu-
lar decision in isolation, it will be integrated with other actions by being
dependent on earlier decisions (e.g.. the LNG siting decision) or by being

iIntegrated at a later stage with other decisions which are made indepen-
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dently of 1t {e.g.. the licensing of nuclear power plants).

Consider a particular decision, Dj' (e.g.. the safety of an LNG termi-
nal) which is part of a overall scenario. Figure 1 depicts the relevant
aspects of the process. At any time period, t, there are a set of ezogenous
Sfactors which limit the set of alternatives for consideration. For example,
a disaster may trigger specific legislation which provides restrictions on
where an LNG terminal can be located. The input phase of the process
involves the relationship between the set of alternatives and the relevant
stakeholders and attributes or measurable impacts (e.g.. number of lives
lost from an LNG explosion) which are considered important by at least
one of the interested parties. There is a clear interaction between stake-
holders and attributes: as one changes the composition of stakeholders
then the relative importance of attributes also changes. For example, if
public interest groups have a voice in the site selection process then the
safety factor may be treated as much more relevant than if these parties
did not have an input into the final decision. Similarly if certain attri-
butes are specifically introduced into the picture by cne of the interested
parties, then this may cause other groups to play a more active role in
the process. For example, if the federal government suggests the critical
importance of safety factors as part of the siting decision. then con-
cerned citizens may unite to prevent their community from being chosen

as a site.

Each interested party is likely to have a different set of attributes
that they consider to be important to the particular problem. Further-
more, there is no guarantee that two interested parties who focus on the

same attribute will measure it in the same manner For example, putlic
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interest groups concerned with the safety of potential sites may have a
different estimate of the number of lives lost from a severe accident then
the gas companies or the consortium proposing the project. Over time
the nature and importance of these attributes may also change due to

exogenous factors and a new set of alternatives.

When it comes to the analysis phase, stakeholders are likely to
evaluate different alternatives by looking for satisfactory options rather
than trying to find an optimal solution (Cyert and March 1963). For each
decision Dj there may be some level of a particular attribute that is
deemed satisfactory, but whose value may differ between interested par-
ties. For example, public interest groups may view the acceptable level
of risk for a large accident to be somewhat lower than the gas company
proposing the project. As a result these two interested parties may have
differing views on the acceptability of alternative sites. When such con-
flicts occur, they may cause long delays in reaching a final decision
because there are no clear responsibilities between different agencies.
Eventually they may be resolved through some form of consensus by the
Interested parties, by court rulings or by governmental bodies with
specific legislative powers to settle the controversy. For some problems

no resolution may take place and the status quo is maintained.

Looking at Figure !, a critical question is the nature of stakeholder
conflicts. If there is a call for more informaticn. this is treated in the fig-
ure as being equivalent to postponing action until the next peried. In
period t+1, a set of random events may occur that substantially change
the situation. The breach of a gas tank or t.he discovery of an earthquake

fault may reveal certain features of facilities or sites wii'ch may make
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them unacceptable. These random events may change the relative
importance of different stakeholders and attributes. In addition., the
events and the public’'s reaction to them may trigger new legislation
which deem certain previously satisfactory alternatives unacceptable and

force a re-evaluation of earlier decisions {D,, ..., Dj-l ]

To summarize, there are a set of decisions which have to be made
over time as part of a scenario for a particular problem. There are laws
and regulations which guide the acceptability of specific alternatives and
there are different stakeholders involved in the process. Because of the
uncertainty of information regarding probability and potential impacts of
catastrophic events, interested parties with different goals and objectives
and with limited computational capacities may have different estimates
of the risks associated with specific actions (e.g., the safety of an LNG ter-
minal at a particular location). Furthermore, random events in period t
can have a major impact on the decisionmaking process by triggering
new legislation which change the set of alternatives, relevant stakehold-
ers and attributes for consideration. Conflicts between relevant stake-

holders can lead to lengthy delays with respect to taking final action.

1II. THE LNG SITING DECISION IN THE UNITED STATES

The above descriptive model, outlined 1n Figure I, will be illustrated
by analyzing the decision process associated with siting an LNG terminal
in the US. I will first describe the nature of the problem, delineate the

relevant stakeholders and attributes perceived to be important and then
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discuss the role of exogenous factors in the decision process.

Nature of the Problem

Liquefied natural gas (LNG) is a potential source of energy which
requires a fairly complicated technological process that has the potential,
albelit with very low probability. of creating severe losses. To import LNG
the gas has to be converted to liquid form at about 1/600 the volume. It
1s shipped in specially constructed tankers and received at a terminal
where it undergoes regasification and is then distributed. The entire sys-
tem (1.e., the liquefication facility, the LNG tanker and the receiving ter-
minal and regasification facility) can cost more than $1 billion to con-
struct (Office of Technology Assessment 1977). The siting problem of
interest consists of two principal decisions: whether proposed facilities
for regasifying and shipping LNG is in the national interest (Dl), and if so,

whether the proposed site is considered safe enough (D2).

Interested Parties and Relevant Attributes

According to the descriptive model, there will be a set of intereste'd
parties associated with each of these decisions. Some of these stakehold-
ers will be specxfxéd by law {e.g.. government agencles), others will play a
role because of specific concerns with the hazard (e g., public interest
groups) and others because of their economic interest in the project
{e.g.. gas companles). In the case of D,_, there are two principal stake-
hoilders. each of whom considers different attributes as important to

their decision process. The gas company or the consortium proposing
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the project conducts the site selection process by considering such attri-
butes as accessibility by large tankers, availability of the market, ie.,
proximity of an existing pipeline network, cost of land acquisition, availa-
bility of skilled labor supply, and in some cases, land use characteristics
and environmental factors {(OTA 1977). The other interested party is the
Department of Energy, which has to determine whether an individual LNG
import project is in the public interest and should be allowed.® If the pro-
Ject involves foreign imports, then the responsibility resides with the
Economic Regulatory Agency (ERA); if the terminal involves interstate
commerce then the Federal Energy Regulatory Commission (FERC) is

involved.

According to the National Gas Act of 1973 which governs all imported
natural gas cases, the Department of Energy (DOE) cannot approve any
project which is not consistent with the public interest. Among the prin-
cipal attributes that DOE is supposed tc consider in making this judgment
are factors such as the security of supply, the proposed LNG price in rela-
tion to the price of alternative supplies, impact of the price schedule on
conservation of energy, and whether the proposed site meets safety and
environmental requirements as stated in any national guidelines

(DOE/ERA 1977).

The current decision process is an attempt to reduce conflicts
between the parties: the gas company or consortium proposes a site
which they consider to be safe and in the national interest. Relevant

agencies of the Department of Energy then evaluate this site and i1ssue an

1oror 121977 this responsidiity resided with the Federa! Power Commission (FPC).
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opinion as to whether or not it satisfies their criteria for the national
interest.2 If it does, then the question of safety of the site (Dz) is
analyzed. Otherwise, revisions in the proposed site have to be made by

the gas company or consortium.

Even if a site is considered to be in the naticnal interest it does not
mean that it will necessarily satisfy the safety guidelines of other federal
agencies as well as local interests. Other relevant stakeholders or parties
now enter the scene, each of whom has a set of attributes for considera-
tion. The Office of Pipeline Safety (OPSO) is concerned that the facilities
comply with the safety code of the National Fire Protection Association as
well as the uniform building code with respect to maximum earthquake
specifications. Another interested party is the Coast Guard who has jur-
isdiction over the entire portion of the LNG system that connects the
tanker to the distribution system. Recently the Coast Guard has issued a
set of regulations which apply to terminal siting, so that this agency is

now an interested party.

At the local level, groups such as the ity Council play a key role in
determining whether or not a particular site satisfies their safety stan-
dards. In California there are two other agencies: the California Coastal
Commission (CCC) and the California Public Utilities Commission (CPUC),
both of whom have legislative responsibilities for determining whether a
particular site is acceptable on the basis of local standards. In addition,
there are frequently public interest groups who are concerned with the

environmental safety impact of specific proposed sites.

——————

An example of one of these reports, with its full documentation, is DOE/ERA (1877).
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Prior to 1977 there first had to be approval at the city or community
level (e.g., by the Los Angeles City Council), and then at the state level
through the CPUC. Both groups had to hold hearings to determine
whether all interests were being served. Since 1977 the process at the
state level has been centralized through the passage of the LNG Terminal
Siting Act of 1977 whereby the California Public Utilities Commission was

given sole authority to issue a siting permit.

The concept of acceptable risk has played a key role in the analysis
of the relative safety of p‘articular projects, but as we shall see below it
has also created obstacles for final approval. The following progedure is
employed: a detailed risk analysis of a proposed site specifies the
chances of death per year {(p) from LNG-related accidents to an individual
at risk. If p is below some threshold level, p* then the project is con-
sidered safe; if p > p‘. then it is not. The value of p* currently used by the

FERC is 107" (i.e.. 1 in 10 million) (OTA 1977).3

Role of Exzogenous Fuents

What is most interesting about the historical record regarding these
siting decisions, is the tremendous uncertainties associated with the final
cholce. Each interested party focuses on limited information and uses
the data in different ways. Due to the difficulty of resolving stakeholder
conflicts, a particular event can cause a reversal or reinvestigation of a

particular decision if the case has not been finalized. Consider the four

Keeney, st al. (1978) utiize thus figure in support of the acce,?tabmty of & proposed LaSalle
terminel. They claim in this case thet it is less than 2% of 10™', so that the societal risk due
to operation of the terminal is much less the OTA’'s criterion for social acceptance which ap-
pears Lo have originally been proposed by Starr (1969).
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following examples:

1

In 1973 an LNG tank in Staten Island, New York, exploded and
the roof collapsed burying 40 workers. There was no LNG in the
tank but it had seeped through the insulation and caused a huge
fire. A result of this explosion was the increased concern with
the dangers of LNG by Staten Island residents. The neighbor-
hood organization called BLAST, which was formed a year before
the accident, attracted considerable attention and interest
because of the media coverage of the tank explosion. In the
context of the presented model (see Figure 1) a new interested
party played a key role because of a random event. What rmay
have been a foregone decision regarding the location of an LNG

tank in Staten Island became problematical (Davis 1979).

The worst LNG accident occurred in 1944 when the storage tank
operated by the East Ohio Gas Company in Cleveland ruptured,
spilling LNG on adjacent streets and sewers. The liquid eva-
porated, the gas ignited and exploded, resulting in 128 deaths,
300 injuries and approximately 37 million in property damage.
An investigation of this accident indicated that the tank failed
because it was constructed of 3.5% nickel steel, which becomes
brittle when it comes in contact with the extreme cold of LNG.
All plants are now bult with 9% nickel steel, aluminum or con-
crete and the storage tanks are surrounded by dikes capable of
containing the contents of the tank if a rupture occurs. This
example illustrates the impact of a particular incident on new

regulations, which otherwise may not have been passed.
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3. In December of 1976, the Los Angeles City Council voted to allow
work to begin on an LNG terminal in San Pedro Bay. The follow-
ing day an explosion ripped the oil tanker Sansinena in Los
Angeles harbor leaving 9 dead and 50 injured. A week later the
City Council commissioned a study as to the relative safety of
the proposed site. They later approved the terminal. This
explosion, although it had nothing to do with liquefied natural

gas, alerted many Californians to the potential dangers of LNG.

4. Until the publication of the worst case scenario in 1976 on the
possible consequences of a 3300 million terminal 1n Oxnard in
California, there was almost unanimous agreement by all stake-
holders that Oxnard would be an ideal site for an LNG terminal.
At the time even the Sierra Club was in favor of this location.
(They changed their feelings about Oxnard in 1877.) A worst
case scenarlo indicated that a spill of 125,000 cubic meters of
LNG from all five tanks on a tanker would cause a vapor cloud
which would affect 50,000 pecple. Residents could lock on a map
to determine whether the cloud covered one's own house (Ahern
1980a). No estimate of a probability was attached to this
scenario. The graphic depiction of these consequences gen-
erated a public reaction by a small group organized by con-
cerned citizens of Ventura County. The California legislature
was influenced by this public reaction. One legislative staff
mermber stressed that it was not possible to allow a site t}at
would lead to a large number of deaths in a catastrophet‘}

Hence. new siting regulations were passed stating that ne more

by ; . . i . )
This comment wes made to Jonn Lathrop in an interview in Sacramento, California, in July
1980, regarding the siung process of an LNG terminal.
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than an average of 10 people per square mile could be within
one mile of the terminal and no more than 60 within four miles
of the terminal. The President’'s National Energy Plan incor-
porated similar population guidelines which effectively ruled out

any high density areas as candidates for an LNG terminal.

In the case of California, Point Conception replaced Oxnard as
the leading candidate for locating an LNG terminal. The intro-
duction of Point Conception into the picture changed the
responsibility for approving the site at the federal level. The
ERA handles all cases where there is no interstate commerce
while the FERC handles cases where there may be shipments of
gas from other states. Oxnard involved shipments of gas from
Indonesia only, so it came under the jurisdiction of the ERA. In
the case of Point Conception, gas would be shipped from Alaska
as well as from Indonesia, so the FERC now maintains primary
responsibility (DOE/ERA 1977, p.38). The FERC conditionally
approved Point Conception subject to state and local accep-

tance.

This example illustrates how the context in which information is
presented (i.e., a worst case scenario) may provoke strong reac-
tions by interested parties and eventually lead to legislative

changes.

The picture painted in the four scenarios above highlights the critical
role that institutional arrangements (e.g.. the relationship between dif-

ferent interested parties) and legal considerations (e g.. specific regula-
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tions) play with respect to public policy decisions. What is also signifi-
cant, is the importance of specific events in triggering new coalitions and

frequently new legislation.

Where there are conflicts of interest between different parties. the
balance of power normally lies with the stakeholder who is in the position
to make the final decision. In the case of California, the key question was
whether the California Energy Commission (CEC) or the California Public
Utilities Commission (CPUC) would have final siting authority regarding
the safety issue (i.e., D2). Once CPUC was chosen over the more
conseﬁation-minded CEC as the agency with sole state permit authority,
then the final decision regarding a site was probably different than it
would have been had CEC played this role. Here again, the dynamics of

the process had a critical bearing on the final decision.

IV. SUGGESTIONS FOR IMPROVING THE DECISION PROCESS: PRESCRIP-
TIVE ANALYSIS

This section, explores the role of prescriptive analysis given the
descriptive model of choice specified above and the empirical data on
LNG siting decision in the United States. [ will focus on three techniques:
decision analysis, assumptional analysis, interactive computer models,

and policy analysis.
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Role of Decision Analysis

An appropriate starting point is to determine how decision analysis
may aid in this process. Keeney (1980) has shown how this approach can
apply to structuring the siting decision but has focused primarily on a
single decisionmaker rather than more than one interested party with
conflicting objectives and different information bases. Many of the gen-
eral concepts proposed by Keeney are relevant for the problem treated
here. It is particularly important to specify the set of decisions {Dl....,
Dn; that have to be made, how they relate to each other, the role each
stakeholder is likely to play with respect to each of the n decision points,
and the relevant attributes that each of them are likely to utilize. It would
be useful for each stakeholder to rank the relative importance of certain

attributes as part of their final decision process.s

This is a time consuming process, but an important first step toward
understanding what the critical differences are likely to be between
interested parties in their evaluation of specific decisions. At the end of
this process there is likely to be a recognition that to go any further with
formal analysis, such as estimating utilities and probabilities of events
occurring, would be tedious and not likely to yield benefits concommitant
with the costs of undertaking this task Furthermore., the different
iInterested parties may feel that such a process would not be descriptive

of their own behavior.

See Xeeney and Raiffa (1978) for a more detailed discussion as 10 techniques for ranikng
tnese attritutes.
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An alternative approach does present itself. Rather than trying to
analyze each of the n subdecisions independently, it may be possible to
focus on the final objective and examine the factors which influence the
choice process. For example, in Section III the final objective was deter-
mining "an appropriate site, if any, in California for locating an LNG ter-
minal.” It should then be possible to cons‘truct a strategy/stakeholder
matrix, such as the one represented in Figure 2 which in this case lists

three possible sites and four types of stakeholders.

Staxeholder | pepareaent
of State Cicizen Local
Stretegy Energy Agencies Group Agencies

Locate Sita at
Oxnard

Locate Site at
Point Conceptiom

Locate Site at
Port of Los Angeles

Figure 2. Stakeholder-Strategy Matrix for LNG Siting Decistons.

Coupled with this matrix one can also construct for each interested party
a strategy/attribute matrix, which lists all possible considerations in
judging the relative attractiveness of different sites. An example of this
matrix is presented in Figure 3. The challenge, of course, is to fill in the
cells of these two matrices which represent the perception of different
sites by respective stakeholders (Figure 2) and how each site scores on
each of the different attributes (Figure 3). The final matrix to complete
the circle, is a stakeholder/attribute matrix such as the one shown in Fig-

ure 4.
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Attribute

Xconamice Zavircemantal Safecy toergy
Strategy ractars Pactars Pactors Pollicy

ocats Sita at
Qznarcd

Locats Site at
Point Canception

Locats Sita at
Poxt of lLos Angeles

Figure 3. Attrbute-Strategy Matrix tor LNG Siting Decisions.

Attribute

Economic Environmental Safety

Energy
Factors Factors Factors

Stakeholder Policy

Depar tment of
Energy (DOE)

State
Agencies

Citizen
Groufp

Local
Agencies

Figure <. Stakenolder-Attribute Matrix for LNG Siting Decisions.

At this point 1t 1s difficult to know how to proceed using formal tech-
niques such as decision analysis. Different stakeholders are likely to rank
sites differently (Figure 2), will assign different costs and benefits to the
attributes at each site {Figure 3) and will weigh the relative importance of
each attribute differently (Figure ¢). On the other hand, these matrices
force the parties to recognize the tradeoffs in making a decision and
hence reduce the relative importance of random events. These

discrepancies may produce stakeholder conflicts which should be treated
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explicitly.

Use of Assumptional Analysis

One way to help understand and possibly reconcile differences
between parties i1s to perform some type of assumptional analysis. such
as the one developed by Mitroff, Emshoff, and Kilmann (1979). The
authors have proposed a dialectical approach to strategic planning by
torcing individuals to state the most important assumptions guiding their
analysis and then to defend their position. Majone (1979) has suggested
that the knowledge base on which to make decisions for these types of
problems is so inadequate‘that such a process will enable one to explore
avenues of disagreement and improve their understanding of the prob-
lem. In the above example, an attempt would be made to define the
important attributes influencing each stakeholder's attitudes toward dif-
ferent sites, the weight given to each attribute and the impact that each

of the different sites will have on each attribute.

If there are conllicts among stakeholders through this type of
analysis, it may be necessary to evaluate the impact of choosing one site
in period t should certain events occur in period t+1 and future periods.
Mitroff, et al.. discuss this process by asking what the impact will be if one
chooses site .. 2 or 3 based on certain assumptions which turn out to be
false. They classify three types of errors of a policy assumption: (1) the
real cost; (2) the visible cost; and (3) the reversibility cost. In terms of
our example, there will be certain costs associated with any LNG siting

decision should an event occur in future periods (e.g., an explosion) which
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changes the estimates of the costs and benefits of different states. By
having conflicting opinions represented and examining the implications of
a range of alternatives under different assumptions the rationality and

legitimacy of decisions should be improved.

FRole of Interactive Computer Models

If it is impossible to bring the different interested parties together,
then other techniques may have to be used which involve indirect con-
frontation. One of the most promising approaches in theory. but one that
has not been successfully applied in policy situations, is the development
of interactive computer models for scenario generation. This type of
decision support system would enable each interested party to construct
his/her own scenario as to potential consequences of adopting one stra-
tegy over another. Having already constructed different matrices such as
the ones shown in Figures 2 through 4, each stakeholder would be in a
position to articulate the potential consequences of say, locating an LNG
terminal at Oxnard, Port of Los Angeles, or Point Conception. At this
point it would be possible to develop not only "worst case scenarios,” but
also less extreme situations, including the possibility that no accident

occurs. 6

There undoubtedly will be differences between the way interested
parties view the situation, but the advantage of the interactive computer

models is that these differences can then be openly discussed. In

3

Thus epproach differs from decision analysis >y focusing on individuai scenaros rather than
a probabiity distritution over outcomes. For a more detailed discussion of dec:sion support
sys:ems see Xeen and Scott Morzon (1978).
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developing these scenarios, one can separate out the uncertainties, such
as the probability of a particular situation occurring, from the more con-
crete data such as the losses which would take place conditional upon a
particular event. One can then analyze separately very uncertain data
(such as probability information) without linking them closely to a stream
of events. Fairley's (1977) excellent discussion on difficulties associated
with estimating low probabilities and their resulting consequences could
then serve as a basis for a detailed exploration of this issue through sensi-
tivity analyses. For example, suppose one estimated the annual probabil-
ity of a severe accident to be between P, and P, with losses ranging from
Ll to L2' One could then develop scenarios which examine the relative
merits of different alternatives as one changed these estimates. If
specific sites were preferred over a wide range of values for probabilities
and losses then this would simplify the choice process. If the rankings
changed as Pi and Lj were varied, then this would suggest that these esti-

mates be refined.

The resolution of conflicts between interested parties may be
extremely difficult even if one uses an assumptional analysis approach or
constructs scenarios using an interactive modeling system.- In fact, the
descriptive model described in Section Il suggests that interested parties
may not want to get together to solve a particular problem unless they
are forced to by existing legislation. Reconciliation of stakeholder con-
flicts is a time consuming and threatening process since it involves
detailed analysis on the part of each of the groups and acceptance of
responsibility for one’'s actions. From a political standpoint, this may not

always be the wisest thing to do. Hence, the above prescriptive
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suggestions can only be viewed as a starting point for developing a dialo-
gue. The final solution is likely to hinge on explicit legislation as to who
“should” bear the costs of adopting certain measures. In the next subsec-
tion we briefly consider a set of policy options which may help reconcile

these conflicts.

Use of Policy Analysis

There are three general classes of policy options which should be
considered: (1) use of market mechanisms; (2) development of incentive
systemns; and (3) regulatory mecham’sms.7 In determining which one or
combination of these three measures could be utilized, it is necessary to

determine who is responsible for damages should an accident occur.

I will dlustrate how these options can be utilized in facilitating the
LNG siting decision; similar analysis can be undertaken for other policy
decisions which affect a number of interested parties. In the case of LNG
there are many different facilities which can cause an accident (e.g..
ships, tanks, etc.) so it may be difficult to attribute fault to any one
party. Furthermore, the ships, the LNG itself, and the terminals are
owned by different subsidiaries or companies. The local, national and
international jurisdictions make legal problems even more difficult (Davis

1979).

If LNG accidents are viewed primarily as a private responsibility by

the gas consortium or supplier, then some form of insurance is the logical

o .o . ; .
A more deteiled discussion of the tradeoffs between the advantages and disadvantages of
these methods appears in Stokey and Zeckhauser (1978).
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market mechanism to utilize. A General Accounting Office (GAO) report of
July 1978 concluded that injured parties could not be fully compensated
for a serious accident under present liability arrangements. For this rea-
son, market mechanisms with insurance firms providing adequate protec-
tion are not likely to cover all damages and there may be a reluctance on
the part of gas companies or consortiums to invest in LNG projects unless

the government provides some insurance against catastrophic losses.

With respect to incentive systems, it may be possible to provide spe-
cial compensation to homeowners and individuals who reside in areas
where LNG facilities are constructed. If land values drop then some type
of lump sum payment might be desirable. Lower energy rates can also
compensate residents for the increased risk of having an LNG terminal in
their "back yard.” Terminal owners who saw a need for a liability fund
could finance it by a tax on LNG sales. These types of subsidies and taxes
would shift some of the economic burden from those bearing the physical
risk to residents and businesses who are benefiting from the facilities. If
the government feels that the LNG terminals yield substantial public
benefits, then they may want to cover catastrophic losses through special
funds such as those earmarked by the Price Anderson Act for nuclear
accidents. Note that each of the above incentive systems implies a set of
value judgments as to whom should benefit and whom should bear the

costs of constructing LNG facilities.

Finally, it may be deemed desirable to have special regulations to
protect the public from certain risks. Legislation, with respect to loca-
tion of LNG terminals, have recently reflected this concern by requiring

certain conditions on population density around an LNG terminal as well
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as specifying certain construction standards on tanks and dikes around
the terminal. As pointed out above, many of these regulations were
passed because of some specific accident or crisis that pointed out the

need for these provisions.

By adopting any of these policy recommendations one is implicitly (if
not explicitly) answering questions as to the weight that should be
assigned to each of the relevant stakeholders in any evaluation process.
Furthermore, the adoption of any policy provides guidelines as to how
society views the tradeoff between efficiency and distributional con-

siderations.

V. CONCLUSIONS

At the heart of the problem for societal decisionmaking on low pro-
bability events is the increasing recognition that there is great uncer-
tainty on the data necessary to undertake any analysis: the probability of
a loss occurring, consequences of disasters of different magnitudes, and
how well certain protective measures will mitigate these losses. It is thus
not surprising that there are large differences in stakeholder estimates

on these figures.

As ] have tried to emphasize in this paper, this situation causes a set
of dynamics that are only partially predictable because of the occurrence
of random events. On the other hand, there are ways of directly address-
ing the problem by having policy makers indicate what aspects should be
viewed as private and public responsibilities, who should benefit and lose

by any set of decisions, and what actions in the form of market
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mechanisms, incentives, or regulations should be taken to produce a par-
ticular effect. The results may differ from what one expects, however,
because one is dealing with a situation fraught with uncertainty on most
dimensions. The challenge in dealing with socletal decisionmaking for low
probability events 1s to be resilient in the face of uncertainty. Any other

strategy is likely to prove catastrophic.
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DISCUSSION COMMENTS

J. SCHWARZ: ] think that we on the one hand--the stakeholders, as you
call them—have already done a lot of research in the technical way at
least, to give some weight to their own alternatives. Later on different
parties then come into the process without the benefit of a large amount
of research; they can do only some literature review. Hence, they have
weaker arguments in the eyes of expert advisers of decision-makers.

REWNDERS: 1 had a more general remark related to the discussion that
has taken place so far this morning. 1 feel rather important additions
should be made in the general area of "rights.” Here I think especially of
the “right to life" concept, and the right to be saved from undue interfer-
ence by others as proposed by John Stewart Mill. These kinds of rights
can bring grave constraints to anything you do in this area. I see the
"rights” tradition as a moral tradition that is very important to the gen-
eral population. Thus rights do play a major role and should be worked
into the framework.

KUNREUTHER: It seems to me that there is a set of moral considerations
that has not been included in our analysis. The analyst is then faced with
some very very difficult tradeofls in terms of what he or she should do.
For example, take the concept of sacredness of life. Everyone may agree
that life is sacred, but at the same time everyone will agree that there
are limited resources that one can invest in different projects. The
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minute one imposes limited resources then there have to be tradeoffs as
to where one invests that money. For example, in the health area we
know there are tradeoffs between investing in special devices that save
one individual's life, such as a kidney machine, rather than putting a good
deal of money into research that might save a large number of
unidentified lives. It strikes me that this particular point will come up
during later discussions as to how different groups are going to look at
the problem. Any individual living in an area is going to respond by say-
ing that is my life, and they have no right to take my lile when they invest
in this terminal in this particular location.

MEHTA: 1 would like to make a general comment, recognizing that the
decisions on energy and siting policies are essentially political ones. Poli-
ticians do not always act rationally nor do companies. You can be sure
that one company will take a diflerent action towards the commercial
risk involved, than another company. Hence, the position on siting will
not depend on any detailed analyses of the general type that we have
been talking about. What we might more usefully do is to focus our atten-
tion on the more technical problems, which we can at least throw some
light upon.

These are the problems that were mentioned earlier, what we mean by
"risk” and "safety.” What are the differences between the various types of
risks? What is the focusing eflect of risk on the local community? Was a
risk accepted generally by the population at large? Also the question,
although a difficult one, of what is an acceptable level of risk? There are
no finite answers. There is no dividing line where you say that something
is acceptable or not depending on which side of the line it falls. What we
could have perhaps is a guideline which can be used as a tool by the poli-
ticians in arriving at the decisions that they will have to make at the end
of the day. Because if we do not do that then we are in great danger of
the politicians making the decisions on assumptions entirely different
from those upon which the scientists are basing their judgment about
what risk is involved, and what is acceptable? And those assumptions and
judgments may again be quite different from the perceptions of the com-
munity at risk.
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1. INTRODUCTION

The following narrative sets out the major developments in
the Netherlands concerning the decision-making process as regards
a terminal for LNG. It is a sketchy overview of the major events,
largely taking place between 1975 and 1978, and leading up to the
decision by the Dutch cabinet to locate an LNG terminal (for
tankers of 125,000m3) at a site in the Eemshaven.

The main part of this paper deals with the discussions on
the location of an LNG terminal in the Netherlands, following a
contractual agreement between the Dutch Gas Company, NV Nederlandse
Gasunie, and the Algerian company Sonatrach, for the supply of
LNG to the Netherlands, starting in 1985. The political debate
in the Netherlands finally focused upon two alternative sites:
Maasvlakte (near Rotterdam) in the province of Zuid-Holland,
and Eemshaven (near the Northern port of Delfzijl) in the
province of Groningen. After considerable debate at various
levels and extensive consultations between the government and
different interested parties, the Dutch cabinet finally decided
in August 1978 in favor of the Eemshaven site.

Emphasis has been placed here upon the major inputs to the
national government and the cabinet, such as advisory reports,
local authorities' views, and discussions at various levels,
which seem tc have been most influential in determining the
outcome of the governmental policy process. Most of this paper
is limited to basic information on the way events developed in
the Netherlands; some preliminary analytical observations, however,
have been made at the end of the paper (Section 12).

51
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MAJOR INTERESTED PARTIES AND KEY EVENTS--A SUMMARY

Many different "interested parties" were involved at various

stages of the decision process on LNG in the Netherlands. The
major parties are summarized below:

National Government and Cabinet--most of the sixteen minis-
tries and Cabinet Ministers were involved in maklng the
final decision on the location of an LNG terminal;

Local Government: Zuid-Holland--in the province of 2Zuid-Holland,
the provincial legislature and the municipalitylof Ro;terdam
had to give approval for an LNG terminal in their region,

while the Rijnmond body fulfilled an advisory function to

the provincial government:;

Local Government: Groningen-~the provincial government of
Groningen had to approve any siting in its region, together
with the municipality responsible for the Eemshaven harbor
region;

ICONA--the major advisory body on LNG siting to the Cabinet,
in which almost all of the Dutch ministry departments were
represented;

NV Nederlandse Gasunie-~the partially state-owned company
responsible for buying, selling and distributing natural
gas in the Netherlands;

Sonatrach--the Algerian gas company which as of 1985 would
become the Netherlands' major foreign supplier of LNG
(4,000 million m3/year);

Parliament~-the Dutch house of Representatives, which by
law had to approve the Cabinet's decision, before it could
become effective.

The major events in the decision-making process on LNG in

the Netherlands took place in 1977 and 1978, as the following
summary depicts:

June 1977 NV Nederlandse Gasunie signs contract with

Algerian company Sonatrach for sale of 4,000 m3
LNG for the 1985-2005 period;

October 1977 ICONA set up; its first task is to study LNG

import and terminal;

October 1977 Ministry of Economic Affairs approves Algerian

LNG contract; location of LNG terminal to be
named by 31 October 1978:

October 1977 ICONA recommends LNG imports at one of two

possible sites, Maasvlakte or artifical North
Sea Island;

December 1977 Delfzijl Harbor is approached by NV Nederlandse

Gasunie, to discuss Eemshaven as possible LNG
site (which was earlier rejected by ICONA as
viable option);

February 1978 Cabinet considers sites at Maasvlakte and

Eemshaven;

March 1978 Local authorities in Zuid-Holland and Groningen

start public hearings and local decision pro-~-
cedures; to be completed by 1 July;
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June 1978 ICONA submits final report to the cabinet:
favors Maasvlakte site;

July/ Continued discussions on siting alternatives

August 1978 between cabinet, ministries, local authorities,

and other parties;

August 1978 Cabinet announces its decision: LNG terminal
should go to Eemshaven;

October 1978 Parliamentry debate does not alter cabinet's
decision; Sonatrach is informed of the selection
of Eemshaven site.

3. NATIONAL GOVERNMENT--INITIAL INVOLVEMENT

Government interest and involvement regarding the import of
LNG and siting of facilities intensified in 1975, when the
Dutch gas company, NV Nederlandse Gasunie®, requested an official
view from the cabinet, concerning the possibilities for off-shore
or land-based terminals for the reception and storage of LNG in
the Netherlands. This action resulted in the setting up (by the
Ministry of Traffic and Waterworks) of the so called STUNET,
"steering group for the study of North Sea islands and terminals"
STUNET's first major task was to advise the cabinet on the feasi-
bility and desirability of a Dutch LNG terminal to be located
offshore on an artificial island in the North Sea compared to the
possibilities for onshore facilities.

STUNET completed its first report in March 1977“‘ at a time
when the LNG issue had been little debated outside the gas industry
or governmental groups in the Netherlands. Against a background
of rising interest and speculation concerning LNG, the government,
however, decided to publish the report, four months later. The
major conclusion of STUNET was that, having taken into account
aspects of safety, environmental impact, technological factors,
costs vs. benefits, and risk reduction, the construction of a
Dutch LNG terminal should be considered--either at an artifical
island off the Dutch coast or at the Maasvlakte (the Rotterdam
harbor area). Safety considerations were partially based upon
a risk analysis of LNG by TNO (the Dutch organization for applied
scientific research), commissioned by the Ministry for Social
Affairs. The feasibility of other onshore alternatives as LNG
sites, such as Delfzijl-Eemshaven (in the North-East of the
Netherlands) and Vlissingen (South-West) were rejected by STUNET
on either nautical and/or safety grounds. As regards offshore
vs. onshore advantages, STUNET concluded that a Maasvlakte site
would be cheaper than an Island terminal, whilst the safety
aspect would favor an offchore +terminal. Environmental and
other aspects which were studied failed to establish a clear
difference between sites.

*National Gas Company for buying, selling and distributing
natural gas in the Netherlands. Owned jointly by the State (10%),
DSM (Dutch State Mines) (40%), Shell NL (25%), Esso (25%).

**Stuurgroep Studie Noordzee-eilanden en Terminal.

***LNG Terminal in de Noordzee rapport van de projectgroep
LNG Terminal STUNET, Maart 1977.
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4. ICONA--INTERNAL DEBATE IN GOVERNMENT

The STUNET report was submitted to an interdepartmental
government committee, called ICONA, (Interdepartementale Coordi-
natielcommissie voor Noordzee-aangelegenheden), which was
established by the government in 1977 to coordinate among the
different ministeries, the decision-making process (including
policy advice and implementation) on affairs concerning the North
Sea. Discussions between NV Nederlandse Gasunie and the Algerian
state company Sonatrach for the sale of Algerian LNG to the
Netherlands were by then underway and ICONA was given the task of
studying the various issues (including financial, technical,
economic, safety, social and environmental aspects) involved in
the upcoming decisions concerning reception and storage of LNG
and to prepare a cabinet decision. It is within the ICONA
committee that the major policy discussions on the import of and
siting of facilities for LNG took place in 1977 and 1978, leading
up to a single cabinet position. Representatives of fifteen
Dutch government departments (of the 16 ministeries which make
up the Cabinet) were represented in ICONA, which acts as an
advisory body to the Dutch Cabinet.

ICONA's first policy recommendations ("Beleidsadvies bij
het 'Rapport van de projectgroep LNG terminal', ICONA, oktober
1977), were largely based on advice from STUNET; they were
favorable to LNG import and argued for a Dutch terminal, urging
the need for further research into the location (focusing on an
offshore terminal and the Maasvlakte site) and into the siting
conditions of LNG facilities. According to ICONA, the risks
involved in the handling of LNG were outweighed by the perceived
advantages for Dutch energy policy (diversification of energy
sources, one of the Dutch's stated aims) and for the environment
("gas as a clean energy source").

ICONA's policy recommendations, however, were not supported
by all of its members, and representatives of the Ministry of
Public Health and the Environment published a minority view.
According to the latter the location of LNG facilities at the
Maasvlakte were not acceptable because of the risk of explosions
and other accidents in the heavily populated area around Rotterdam.
Furthermore, the "dissenting” representative argued that the
committee had not taken into account the "worst possible accident
scenario”. Moreover, he guestioned the necessity for the impor-
tation of LNG into the Netherlands from the point of view of
energy supply. Also the Ministry for Science Policy stated its
grave reservations as regards the policy recommendations of ICONA.

5. INDUSTRY MOVES AHEAD

By the time the first policy recommendations of ICONA were
submitted to the Cabinet, in October 13877, the NV Nederlandse
Gasunie had signed a contract (in June 1977) with the Algerian
company Sonatrach for the importation of 4000 million m3 a year
of LNG over a period of twenty years, (1985-2005). The contract
was conditional, requiring official approval of the Ministry of
Economic Affairs, by 31 October 1977. The Cabinet (who would be
responsible for any major decision on LNG imports) was hereby
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called into "active involvement” in the LNG decision-making
process. Within the mandate of Dutch "energy policy" but appar-
ently with other cabinet ministers or parliament, the Minister

of Economic Affairs subseguently approved the Gasunie-Sonatrach
contract on 18 October 1977. A side-letter attached to the
contract specified that by 3] October 1978, NV Gasunie was obliged
to notify Sonatrach about the location of the LNG importation
site. (If this proved to be impossible, the contract would have
become void.) The LNG siting debate was hereby officially opened,
strictly leaving open the gquestion where the LNG would be shipped
to {(onshore or offshore, inside or outside the Netherlands), or
indeed whether a Dutch LNG site would be established at all.

The machinery for national and local government decision-making
procedures was then set into motion. ICONA continued its advisory
role, more advisors were called in by the government (such as
the State Planning Committee, Rijksplanologische Commissie),
and the Inter-Ministerial Committee for Environmental Health,
Interdepartmentale Coordinatiecommissie voor de Milieuhygiene
(ICMH), and local authorities were asked for their views.

6. LOCAL AUTHORITIES GET INVOLVED

Working on the assumption that the only viable onshore LNG
terminal site was the Maasvlakte area, three main local bodies
became officially involved in the decision processes: (1) The
Municipality of Rotterdam, (2) The Public Body of the Rijnmond
Region, and (3) The Province of Zuid-Holland. Through various
laws and environmental and health legislation these three local
authorities had an important role to play in approving or dis-
approving a possible LNG site at the Maasvlakte.

By the end of 1977 some of the interested parties in local
LNG debate about a Maasvlakte terminal had begun to air their
respective views. Rotterdam, in particular the harbor authorities,
were in favor of an LNG terminal, largely because of the economic
benefits it would bring to the largest harbor of Europe. The
safety aspects received relatively little attention in a Rotterdam
harbor report of December 1977 ("LNG Aanvoer via Rotterdam",
Haven van Rotterdam, oktober 1977). Rijnmond, however, was more
critical of plans for an LNG terminal near Rotterdam, stressing
the environmental and safety problems in the already heavily con-
gested area around Rotterdam.

As local authorities concerned with the Rotterdam area con-
tinued discussions about a common policy view, an alternative site
was being introduced into the debate. NV Gasunie had invited the
Harbor of Delfzijl (in the Province of Groningen, North-Eastern
part of the Netherlands) for discussions about the possibility
of an LNG terminal in the Eemshaven region. Delfzijl Harbor,
which is the entrance to the Eemshaven region, and the local
government of the province of Groningen were highly interested
in the latest plans of the Gasunie; they rapidly formed a common
front against Rotterdam, and set out new marine, cost-benefit
and safety studies* regarding an Eemshaven terminal. Initial

*TNO completed another risk assessment in February 1978,
focusing on the Eemshaven as an LNG site.
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results were positive. In February 1978 the province of Groningen,
and the harbor of Delfzijl made an official request to the govern-
ment to include Eemshaven as a contender for the Dutch LNG terminal.
The national government, meanwhile, awaited a second advisory
report from ICONA, in preparation of an early draft policy state-
ment by the Cabinet.

7. MORE ADVICE FROM ICONA AND A PRELIMINARY GOVERNMENT POLICY

The second advisory report from ICONA to the Dutch Cabinet
focused on three main questions: (1) the need for the import
of LNG: (2) the need for a domestic LNG terminal, rather than
the use of an LNG terminal abroad (with further transport via
pipeline to the Netherlands); and (3) the location of a Dutch
domestic LNG site (if required). ICONA submitted its advice to
the Dutch Cabinet on 23 February 1978 ("Nader advies van de ICONA
insake de aanvoer van vloeibaar aardgas (LNG) in Nederland"”,
ICONA, 21 februari 1978). It concluded that importation of LNG
was desirable and that it should take place at a Dutch LNG ter-
minal (on the grounds of energy policy, employment benefits and
the requisition of technical know-how). As regards the exact
location, ICONA had not (at that point) considered the Eemshaven
site as a viable option and concluded that two of the considered
sites at the Maasvlakte area (called "A" and "B") should be
given preference. Major considerations involved included aspects
of safety, environmental hygiene, planning, economic activity,
cost and timing required for realization. No final single
advice on the location of the terminal, however, was provided by
ICONA, on the grounds that gquestions of perceived risks of an
LNG terminal should be further analysed in later stages of the
decision process. As a result of the re-introduction of the
Eemshaven alternative, furthermore, ICONA stressed that additional
studies on this site in Groningen should be carried out since
so far this had not been the case.

Again the advice from ICONA was not unanimous: the repre-
sentative of the Ministry for Public Health and Environment
repeated his arguments against accepting the Maasvlakte as a
siting area and stated that alternatives to LNG had not been
adequately explored and considered. Furthermore, the deputy
representative of another Ministry, Public Housing and Planning,
took a position "close" to the above point of view.

Having considered the advice of ICONA, as well as other
advisory bodies, the government announced (in March 1978) its
preliminary policy as regards the LNG import and siting gquestion,
(Voorlopig Regeringsstandpunt, Tweede Kamer der Staten-Generaal,
Zitting 1977-78, 14 626, nr. 6, 13 maart 1978). Stressing once
again the need for importing LNG into the Netherlands, the
Cabinet's view consisted of three main points: (1) two Maasvlakte
sites should be considered and the Delfzijl-Eemshaven site should
not be ruled out; (ii) the preliminary government position should
be communicated as soon as possible to local authorities involved,
in order to allow the latter to comment on the plans by 1 July
1978; (iii) additional risk reducing measures should be taken
in particular regarding the LNG tankers and shipping routes.

The Cabinet thus took the unusual step of regquesting approval
from local authorities for an LNG site before normal planning
permission procedures had been set into motion.
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8. LOCAL AUTHORITIES DEBATE LNG

Following the request from the government, lccal authorities
in the provinces of Zuid-Holland and Groningen started their
procedures as part of the LNG decision process. Public hearings
and information meetings were held, inviting all interested
parties and individuals; the matter was widely debated in the
respective councils of representatives, both at the provincial
and municipal level. By the end of June 1978 the views of the
various official parties involved in Groningen and Zuid-Holland
became clear.

In the North, the Groningen authorities unanimously accepted
plans for a LNG terminal in the Eemshaven and urged the Cabinet
to take a decision in its favor, mainly on the grounds of per-
ceived regional economic benefits. Local authorities concerned
with the Maasvlakte site, however, were divided in their views.
The Board of Governors of Rotterdam and of the Province of Zuid-
Holland were in favor of a Maasvlakte site (B only, A unacceptable)
for the LNG terminal only after certain environmental/safety and
other conditions had been met. The public body Rijnmond, on the
other hand, (which, incidentally, had only an advisory function),
was of the opinion that the arrival site of the LNG tankers and
storage site should be separated: storage in the Maasvlakte area
was considered acceptable, but the import/arrival site should
not be located there, but instead at an offshore terminal.

These various viewpoints emerged after considerable political
debates at public hearings and at council meetings at various
levels, including inputs of environmental (the major "umbrella"
organization for environmental groups was the so-called werkgroep
Noordzee) groups and other critical analysts of the LNG siting
decision process. At the provincial level planning permission
for a LNG terminal could have been rejected altogether.

9. THE GOVERNMENT NARROWS DOWN ON ALTERNATIVE SITES

Before the final views of the various local authorities had
reached the government, the cabinet had announced a further policy
view, following additional advice from ICONA and others. A third
ICONA report, focusing on the Eemshaven option compared to the
other possible terminal sites had reached the government in early

June 1978. (Aanvullend advies van de ICONA inzake de mogelijkheid
van aanlanding van vloeibaar aardgas in het Eemshaven gebied,
1 juni 1978, ICONA, nr. 147.) 1ICONA's major conclusion was:

"also after study of the Eemshaven location, preference should
be given to the Maasvlakte site for the establishment of a LNG
terminal." ICONA had not taken into consideration aspects of
political influence and of maximum accidents with LNG, when com-
paring the two sites--Eemshaven and Maasvlakte. ICONA also
stressed that it had not taken into account the importance that
should be given in a final decision to the risk perceived by

the population.
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The next government statement followed on 13 June 1978 and
read "The Cabinet considers Eemshaven to be a possible site for
an LNG terminal; be it that this location involves considerable
difficulties". After further consultation between the national
government and local authorities the government decided on 20
July that now the selection of sites, concentrated on two loca-
tions only, i.e. Maasvlakte B and Eemshaven. This view was in
agreement with further advice from ICONA who, however, continued
to stress that they gave preference to the Maasvlakte site.

In July and August 1978 the "battle" between Groningen and
Rotterdam intensified. Various publications were submitted to
the government by the different parties and visits were made by
delegations from Rotterdam and Groningen to put forward their
respective cases. Groningen had the advantage that it was able
to put up a common front, including the Dutch trade union move-
ment (which supported an Eemshaven site); also, the Royal
Commission of the Province of Groningen moved in personally to
argue his case. Local bodies in Zuid-Holland largely remained
divided because of the safety issues.

10. GOVERNMENT SELECTS EEMSHAVEN SITE

Formal and informal contacts between the various parties,
the "lobbving" process, in preparation for a Cabinet decision
came to an end when the Cabinet met on 25 August 1978 and
decided in favor of the Eemshaven site. The choice was made,
the cabinet stated, in particular on grounds concerning regional
economic policy and the expected boost for employment, etc. the
LNG activities were expected to give to the "depressed" area of
the north-east (which deserves special attention under Dutch
regional policy). The Government policy paper identified ten
major aspects which had been taken into consideration, namely:
energy policy, technical/marine factors, safety/risk, environ-
mental hygiene, environmental planning, economic activity, costs,
agreement with local authorities involved, international arrange-
ments, and time of completion of terminal. Major differences
between the two prime sites are cost (Eemshaven will be over
100 million dollars more expensive), safety and risk (according
to the government the chance of an accident is smaller at
Eemshaven and the maximum effect of a disaster is estimated to
be one order of magnitude smaller at Eemshaven), environmental
considerations (environmental effects are greater at Eemshaven)
and economic activity (regional policy favored the Eemshaven
site). As regards the aspect of safety, the government paper
states that despite the apparently safer location of Eemshaven,
it must be concluded that quantification and comparison of risk
is problematic and no clear preference of either site should be
attached to the risk assessments.

The government noted that the possible construction of a
LNG terminal at the Maasvlakte would have had to be accompanied
by a set of conditions, mostly relating to safety, put forward

by the local authorities in Zuid-Holland. (The province of
Groningen, in contrast, gave the government what was in effect
an unconditional approval for an Eemshaven site). It is inter-

esting to note that the government also stated that the NV
Gasunie had declared a clear preference for the Maasvlakte site.
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11. PARLIAMENTARY DEBATE ON LNG

As is customary in Dutch politics, the government was obliged
to defend its policies in Parliament. Following the meetings
of a special parliamentary committee on LNG, which included talks
with the responsible Cabinet Ministers, the LNG issue was debated
in a plenary session of the lower chamber of Parliament on 26
and 31 October 1979. Major opposition to the government's pro-~
posed policies came from the (left-of-center) opposition parties.
Major issues which were debated concerned: (i) safety and envi-
ronmental health aspects of LNG terminals, (ii) the need for
LNG import rather than natural gas, (iii) the possibility of
extension of the date a site had to be named (according to the
original contract), and (iv) the possibility of exchange of

gas between Algeria, the Netherlands and Italy. (The Netherf
lands is contracted to supply Italy with Dutch natural gas via
pipeline until 1994.) Several motions were tabled and debated

on those issues. The outcome of the voting was largely in

favor of the government's planned policy. It is important to
note that a rejection of the major facets of the government's
policy paper by parliament would almost certainly have resulted
in a fall of the Cabinet and new general elections. It may thus
be said that the choice of members of parliament was effectively
between accepting the Cabinet's policies or voting out the Cabinet.
Following the debate in Parliament, the government was able to
officially put forward the Eemshaven site for the construction
of an LNG terminal, and to have this decision communicated to
Sonatrach of Algeria.

12. PRELIMINARY ANALYSIS OF THE DECISION PROCESS

As regards the decision-making process on LNG siting in the
Netherlands, the following preliminary comments may be made:

... most of the discussion took place within the overall frame-
work of Dutch energy policy, and the need for importation
of natural gas was largely acknowledged by the different
parties;

the Eemshaven site which was finally selected, was intro-
duced as a viable option through dealings outside national
government (between Groningen Province and NV Gasunie),
and at a fairly late stage of discussion;

.. the discussion on the siting of an LNG terminal in the
Netherlands took place after a contract for the importation
of LNG had already been signed and approved by the govern-
ment under certain conditions;

in the early period of the decision process discussions on
an LNG terminal were limited to ministerial departments and
official governmental advisory bodies, without external
bodies or interest groups being in a position to influence
the process;

... public hearings and dissemination of public information on
the LNG issue took place at a fairly late stage of the
process and was restricted to the level of local authorities;
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local authorities were hardly introduced into the discussion
until after the government had made some principle policy
decision and required insights in the likelihood of acquiring
local planning permission for its plans;

risk analysis were carried out but played a relatively minor
role in the policy debate, risk assessment studies were used
by some and largely neglected by others;

once some basic safety requirements were perceived to have
been met, the policy debate shifted to other aspects of an
LNG siting issue;

the common front of the Province of Groningen versus the
divided stand of Zuid-Holland, primarily because of concerns
about safety, was an important factor in the outcome of the
decision process in favor of the first;

the final decision on the location of the LNG site was
primarily based on political rather than technical (including
safety) grounds;

the Cabiret's decision was in contrast with the recommen-
dation of ICONA as well as the advice from pnv Nederlandse
Gasunie.



PLANNING FOR HAZARD: AN APPRAISAL OF
SAFETY CONSIDERATIONS FOR THE FIFE
GAS PLANT

S.M. Macgill

ABSTRACT

In this paper the background to the decision to allow the construc-
tion of large scale liquefied energy gas facilities at Mossmorran and Brae-
foot Bay in Fife, Scotland is reviewed. Serious criticisms are identified,
notably, an institutional procedure that cannot be seen to be fair, a com-
pletely inadequate definition of acceptability of risk for a project in which
substantial issues of public safety are raised, and several specific points
on which accepted statements on hazard may be questioned. The criti-
cisms in this paper are not addressed directly at the decision itself, but
rather at the way it appears to have been reached.

S M. Macgill
August 1980

This paper represents only a preliminary review of aspects of the decision
process. A more substantial case study undertaken more recently by the
author is to be i1ssued as an [1ASA Working Paper.

S M. Macgill
September 1981
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1. INTRODUCTION

The joint developments of Shell and Esso to introduce large scale
liquetied energy gas (l.e.g.) facilities at Mossmorran and Braefoot Bay in
Fife. Scotland, involve substantial issues of public safety. It is the 'mt..en-
tion in this paper to review the way in which public safety issues were
considered within the decision making process which led to the granting
of planning permission for these developments. This involves taking
account of (i) the adequacy of the institutional framework through which
the decision was made, the cornerstone of this framework as regards pub-
lic participation being a Public Inquiry convened during June and July
1977; (ii) the nature of the safety considerations that were advanced by
various contributing parties within this framework, most important here
being issues relating to the acceptability of the risk to be imposed on the

public.

Many of the criticisms to emerge from the background to the Fife
decision have by now widely rehearsed parallels in other fields, notably in
connection with nuclear power, Windscale in particular (Breach 1978),and
more recently concerning the Belvoir lnquiry (Cope and Hills 1879,
Arguile 1980). Criticism may stem from mismatch in financial and techn-
ical resources between proposers and objectors; the ritual of a Public
Inquiry where a Planning Inquiry Commission would have been a more
suitable platform for debate given the technical complexity of some of
the issues involved, the importance of the question of alternative sites
and the fact that in many respects this is a national rather than a local

project; the marked lack of confidence in the public sector institutions
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that were involved--local authorities, the Health and Safety Executive, and
the Secretary of State--far from commanding public confidence and
respect became targets for criticism and derision: the apparent inade-
quacy in official response to many of the objections that were raised; the
overriding impression that objectors had not been given a fair hearing,
and that the Public Inquiry was merely window dressing for a foregone

conclusion.

Such criticisms can be seen either as the inevitable and desperate
reaction of objectors to an unfavourable final decision, or as genuine and
understandable grievances about an unfair system of public debate that
is in urgent need of revision (Sieghart 1979; Pearce, Edwards and Beuret

1979).

2. THE FIFE GAS PLANT: BRIEF DESCRIPTION

The Fife developments involve the construction of a natural gas
liquids separation plant and an ethylene cracker at Mossmorran with
associated marine terminal at Braefoot Bay, and relevant pipeline,
storage and loading facilities. The locations of these facilities and their
capacities and interrelationships are illustrated in Figures 1 and 2. These
are large scale facilities by most standards (the Braefoot Bay ethylene

terminal would be the busiest of its kind 1n the world).

The facilities were planned in connection with the exploitation of the
Brent field in the North Sea, where large quantities of both dry and asso-
ciated gas are found. Rather than flaring, reinjecting or use by British

Gas at St. Fergus, it is considerably more resource efficient and more



64

I 2anbty

#9310 [®)uapjeas 0] WOIIR]al w) Aeg 100)evig puw usiiomasay “q|

ueIiomsey JO uoliedU)  ‘w|

poorss @
puowwor)

21Q) s
n\wu.\\\\\
[

. sess’®
.. “e*° Avd Al3DIYVCQ
.~¢:on¢un<

|
{

NYBHONSSON
-..o
oy

HiY3IBNIOMOD s

HiABOW S

LT

INFIWBIINNG LS

AN3IYE

sNOHINLE

HOHNONIO3

Qo4 4 yId

LEELEED RS

Nvduongson




v

MOSSMORRAN

v

PIPELINE
CORRIDOR

BRAEFOOT
BAY
TERMINAL

Propane, Bulane ere

65

Natwrsl Gas Liquids sre fractionalsd
stored 84 liquids (separstied) nlo component palls Nal. Gas Liquids

asch product ls pumped 1o the termenet  ElRene, Propens, Bulens, Ket.Gasoline  or condensate

when & lanker is ioading

trom Si. Fergus

FROPANE ) = }

y e
oy -

{Ethane will be
seperaied 81 51,

Fergus until the
| PROPANE BUTANE KG L PLANT othane cracher is
3 site sren: operational s
stored al. stored st 47-3 ha Mossmonren
~45¢ -5c (117 acres)

—

P ETHYLENE CRACKER
site sren: 44 ha.

xrs ¢

Terminal for storage

Figure 2:

Ethylene is piped to Beaefoo! Bay

Ethane is processed
1o produca Ethylene

EYHYLERE . J

PIPELINE CORRIDOR CONTAINS
INDIVIDUAL PIPELINES THERE WILL BE:

Propane, Butsne, Elnylene piped as liquids 2 Propane pipes + 1 vepour returh pipe

2 Butane pipes+ 1 vapowr relum pipe
1 Matural Gasoling pipe

Ethylene at:=80c (appros.) 1 Ethylene pipe

« 1 fusl(possidle) pioe

Total length of corridor :7-5 Km. (4 miles) *1 gisinage pipeline for pracess elfisent

{ may not taka Bame route as Cortidor

ETHYLENE

stored ot
C app

ETHYLENE TANKER
100 150 visils per year

How the

Source:

PG JETTY .

PROPANE BUTANE  NAT. GASOUINE
TANKER TANKER

80 wiails per year ® visits per your

plants and termiral would relate

Fife, Kirkcaldy and Dunfermldine District Councils 1977.



66

profitable to sell the commercially used derivative gases, propane,
butane and ethylene (hence the need for the Mossmorran plant) to con-
tracted customers in Europe and the United States. These sales had been

agreed to begin in October 1580.

The facilities have prompted long and emotional debate on issues of
safety due to their hazard potential and planned proximity to residential
areas. Dalgety Bay (5,000 population) and Aberdour (2,000 population)
are each within a mile of the proposed Braefoot Bay terminal, Cowden-

beath (10,000 population) is about a mile away from the Mossmorran site.

The hazard potential of l.e.g.s is now well documented in the litera-
ture (Davis 1979; Gugan 1978; General Accounting Office 1978, Health and
Safety Executive 1977, 1980). An accidental release of gas threatens fire
or explosion, depending on the ignition source, the degree of mixing with
air and the degree of containment of the cloud. Leaked gas will drift
downwind until a source of ignition is found (open flame, stray electros-
tatic spark) or until it is dispersed below its lower limit of flammability.
Safeguards in the le.g. industry are based on plant design aimed to
minimise the threat of leakage, safety systems to ensure any leakages
will be 'small’, and good manning practices. Numerous incidents involving
l.e.g. storage, loading and trans-shipment facilities have occurred (see
reference cited earlier) notably at San Carlos, Spain in 1978 when a pro-
pylene truck exploded on its way past a holiday campsite, and at Qatar,
Saudi Arabia, when a modern gas fractionation plant exploded, devastat-

ing the surrounding area.
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3. THE INSTITUTIONAL FRAMEWORK

“"There has been a deplorable loss of confidence in Public
Inquiries” (Lord Denning, September 1979)

Lord Denning's statement reflects a growing dissatisfaction with the
public inquiry system, and widely voiced criticism of it, stemming from
repeated uses of public inquiries for purposes for which they were not
designed and issues which they are inappropriate to handle (Sieghart
1979; Pearce, Edwards and Beuret 1979; Edwards 1980; Rowan-Robinson
1980). In the opinion of the author, the Mossmorran-Braefoot Bay Public
Inquiry emerges as a further exemplification of such criticism. Criticism
may be based on several counts with many classic issues emerging from

them.

It would appear from the report of the proceedings that the Inquiry
was used in part to debate issues of technical complexity and even uncer-
tainty. The suitability of using a public Inquiry for this purpose has been
questioned elsewhere (Breach 1978, p. 157, Sieghart 1979, p.7) and in the
Mossmorran-Braefoot Bay case this changes from being a general pro-
cedural criticism to a substantial cause for disquiet on the recognition
that these technical issues carry profound implications for public safety.
Thus, sworn evidence, cross examination and re-examination may be
appropriate for determining the course of past events in a court of law,
but hardly for weighing up likely consequences of future uses of technol-
ogy with a view to pronouncing them as 'safe’ (whatever this means-—see
below). The Planning Inquiry Commission was designed to avoid exposing
local Planning Inquiries to such criticism, a commission of 3-5 suitably

qualified persons with adequate resources and powers to carry out in
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depth study and call, where appropriate, for specialist research or advice.
Its position as a famous white elephant on the statute books is renowned

(Sieghart 1979, Pearce et al. 1979).

A second germ of dissatisfaction in the Mossmorran-Braefoot Bay
case was that various persons and institutions who in their different capa-
cities might have been expected to serve the interests of the public, did
not always enjoy their confidence. This applied to local councillers, the
local planniné departments and the Health and Safety Executive. It has
been remarked elsewhere that in advising on hazardous activity (Council
for Science and Society 1976, p. 43), health and safety inspectorates have
tended to behave paternalistically, consulting with those who impose
risks, while considering those who experience them as passive partners.
Individuals living in the vicinity of the proposed installations (later to
become the main opponents of them) soon resented their role as passive
partners when one of their number voiced his own opinicn about the scale
of the hazard potential that could be inveolved. This initial loss of confi-
dence between the public and the Health and Safety Executive {the body
with statutory responsibility of safeguarding the public against injury or
death from industrial activity), was not to be regained; indeed it intensi-
fied into a bitter struggle. A remark made by the chairman of the objec-
tors Action Group in a letter to the Scotsman (15 August 1979) exempli-
fied this discontent "The actions of .... the Health and Safety Executive
appear to have been designed to conceal facts rather than to elucidate or

to promote genuine consultation.”
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Whether or not this loss of confidence can now be viewed as being
legitimate will be considered later. The immediate consequence was that
public local objectors at the Inquiry entered a debate on complex techni-
cal issues in order to highlight the hazard potential of the proposed
installations and raise aspects of their own safety which in their view
would otherwise not be adequately considered. The loss of public confi-
dence was not confined to the Health and Safety Executive, but also
related to local, district and regional councils (Fife, Dunfermline ‘and
Kirkcaldy) whose conviction in the employment benefits of the proposed
installations appeared to the objectors to make them impervious to

important but contrary considerations of public safety.

Thus, members of the public at the Inquiry found themselves match-
ing their expertise, time and financial resources against those of the oil
companies (the proposers of the developments), the Health and Safety
Executive, and the private hazard consultants of what, in their view, were
hostile local authorities. Although objectors’ expertise necessarily car-
ried a handicap of lacking the detailed inside knowledge of other parties
in the proceedings. it was in terms of time and resources rather than
expertise that their case was felt to suffer most—petro-chemical
engineers, industrial managers, accountants, lawyers, health and employ-
ment experts being amongst their number, in addition to retained consul-
tants in fire hazard Time became critical in a pre-Inquiry period 1n
which unknown details of the proposer’'s case and a lack of specific aware-
ness of the crucial issues at stake must have played a part, reflected dur-
ing the Inquiry in insufficient time to digest the arguments advanced

(again a point raised in a wider context in Sieghart 1978). The
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significance of the time dimension is even more critical on recognising
that alone in the parties represented at Public Inquiries, public objectors
work in "spare time" (for all others it is part of their paid employment).
On the question of resources, a parallel mismatch may be identified--in
the Mossmorran-Braefoot Bay case a comparison in financial resources
may be made between those available to multinational oil companies on
the one hand, and those raised through jumble sales, coffee mornings,
and voluntary contributions on the other. A passage by David Lock,
quoted by Breach (1978, p.157), reflects this issue, again in a wider con-

text:

. enough is known to confirm that there is a very unequal dis~
tribution of resources amongst participants at many public
inquiries. which leads to an unequal presentation of the various
arguments and, as a result, may distort the judgement of the
Inspector or, in the small number of cases that reach him, the
Secretary of State. When the cost of technical advisers plus
their disbursement ... are added together with loss of earnings
caused by attendance at prolonged inquiries, a total of several
thousand pounds can easily be incurred by an ordinary group.
Win or lose, there is no provision for them to recoup any of their
expenditure, regardless of the contribution they have made at
the public inquiry.”

A further classical quarrel concerns the nature of the consultation
process of which the public inquiry is a part. At pre-lnquiry meetings
between the developers, the local authorities and local residents, unequal
standing between the last and the first two parties was implicitly
assumed. The inquiry proper would be the only opportunity for full, open
scrutiny of issues of safety. In addition to the severe limitations of the
public inquiry system already noted above, three further issues can be

identified here. Firstly, there would be no opportunity for any open
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debate of extra conditions that may be imposed on the developers (thus,
the public may have cause to be suspicious of their effectiveness in

'

improving “safety,” or their assurances about making risk acceptable, or
whatever). Seccndly. there may be no opportunity of open debate of any
additional safety evidence that may be brought to light in the intervening
period between the closing of the Inquiry and the final decision (it was
claimed there was plenty of this). Thirdly. there would be no opportunity

for open public scrutiny of the safety audit that the operating companies

were to prepare prior to commissioning of their plant.

Thus, it may be argued on several counts that the process of consul-
tation between developers, local authorities and their advisers, and the
local community was inadequate. "Only in response to a series of court
actions, legal threats and public exposure has limited information been
grudgingly disclosed from time to time" (Scotsman letter, 15 August

1979).

The issue of alternative sites for the proposed developments pro-
duces further cause for criticism. Again it is an issue raised elsewhere in
relation to Public Inquiry inadequacies in general. Both the Inquiry
Reporter and the Secretary of State have commented that nobody put
forward viable alternative siting proposals. Given local authority consent
to the present site and the considerable cost of carrying out detailed sur-
veys on marine, geographic, topographic and socic-economic characteris-
tics of alternative sites it is hardly surprising that the oil companies were
unwilling and the local objectors unable to pursue alternative proposals in
depth. Furthermore, it was plainly beyond the terms of reference of the

Mossmorran-Braefoot Bay Public Inquiry to pursue the matter. It is again
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a point which favours the Planning Inquiry Commission rather than a Pub-
lic Inquiry for these developments. It is thus difficult to judge whether
there exists a feasible alternative site which would meet some well

defined criteria of acceptability of risk.

In addition to the two arguments that have so far been raised (that
of alternative sites, and that of issues of technical complexity) which
favour a Planning Inquiry Commission rather than a Public Inquiry for
these developments, a turther argument could be based on the observa-
tion that t‘he exploitation of the U.K.'s North Sea oil and gas fields is a
national and not a local Inquiry by an Esso representative is to be
accepted, namely that "...there is overwhelming evidence to the effect
that Braefoot Bay is the only suitable site for the marine operations pro-
posed"” then the Mossmorran-Braefoot Bay decision could be a crucial one

for the development of the Brent field.

Safety emerged as the prime issue for debate only as the Fife Inquiry
proceeded, (there was also fervent objection on noise, environmental,
agricultural and historical grounds) and its inadequate resolution stimu-
lated increased opposition activity after the closing of the Inquiry. Before
giving fuller consideration to aspects of safety. a summary of activity in
the pre-, inter- and post-lnquiry stages will serve to provide a fuller back-

ground to the issues involved.

Pre-Inquiry

Fife Regional, Dunfermline and Kirkcaldy Distriet Councils were ini-
tially approached by representatives from Shell and Esso in July 1976.

This followed an abandonment the previous month of a Public Inquiry into



73

the siting at Peterhead of the fractionation plant now destined for
Mossmorran (Peterhead had been abandoned due to occasional freak con-
ditions in the harbour there which made it unsuitable to handle ships with
hazardous cargoes). Options for land in the Mossmorran-Braefoot Bay
area were negotiated, and the local authorities involved were persuaded
of the net benefits to the area, mainly additional employment in what was
an area of relatively high unemploymentl. Mossmorran had already been
designated as a greenfield site preferred for industrial development
(Scottish Development Department 1979). A series of public meetings
were arranged by the oil companies and the local authorities in order to
inform local communities of the planned developments. The local author-
ities adopted a favourable view of the proposed developments and two
reports were issued through the offices of the local authorities. The first
was a general assessment in terms of economic, land-use, visual and
environmental impact, prepared through their own offices (Fife,
Kirkcaldy and Dunfermline Councils 1977). The second was a report on
the hazard and pollution implications of the plant, commissioned from
the firm of private consultant chemical engineers, Cremer and Warner,
well renowned and with considerable experience in industrial hazard
assessment. The Cremer and Warner report was not a comprehensive
quantitative hazard assessment but a less than exhaustive appraisal of
various hazard characteristics of the proposed developments (pre-
occupied with hazard within the site boundaries), with some recormmen-
dation for modification in plant layout in the interests of safety. A much

referred to statement from their conclusion was that

Isee Appendix for arguments which dispute the ciaimed employment benefits,
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" ... 1n the consultants’ opinion, there is no reason to doubt that
the 1nstallations proposed for Mossmorran and Braefoot Bay
cannot be designed. built and operated in such a manner as to
be acceptable in terms of environmental impact and community
safety ... provided that relevant and adequate safeguards are
agreed and ensured.”

Faced with such a statement it is hardly surprising that the local authori-
tleé were less than convinced by contrary statements on safety being
advanced by the local residents’ Action Groups. However, the authorities’
position in this respect is more difficult to reconcile when seen in the
light of a further statement made in the Cremer and Warner report which
they otherwise endorsed completely, namely that "the criteria of accep-
tability of risk must be set by the community at risk and not handed

down as technical statements”, as the Action Group apparently found

wide support among the community at risk.

At the same time as the two local authority reports were being
prepared opposition to the proposals began to be articulated: ratepayers
and residents associations in Dalgety Bay and Aberdour comybined to form
an Action Group to coordinate opposition to the developments. Their
main objective was to mount a convincing case of opposition at the Public

lnquiry that was to be convened in June 1977.

The Public Inquiry

This sat between 27th June and 2:ist July 1977, the Inquiry Reporter
was A.G. Bell, Deputy Chief Reporter, Scotland. The main parties

represented were:
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For the proposals:

Shell U.K. Exploration and Productien
Esso Chemical Limited

Fife Regional Council

Dunfermline District Council
Kirkcaldy District Council

Against the proposals:

Aberdour and Dalgety Bay Joint Action Group

Donibristle Investments Ltd (Developers of Dalgety Bay New
Town)

Gray Park Tenants Association
The Conservation Society
Various Yachting Interests
About forty individuals

"Independents’:

The Health and Safety Executive
Cremer and Warner

The Forth Ports Authority
Representatives of local political parties

The hazard considerations spoken to by Shell and Esso included
features of design, construction, inspection, operation and maintenance,
and also hazards that might arise in certain specified circumstances. No
comprehensive quantitative assessment was offered, as there was said to
be insufficient detail at the outline planning stage for the full fault tree
analysis that would be required. Statements made were thus based on
evidence gleaned from incidents at similar plants elsewhere, theoretical
and laboratory models that had been studied and tested and general
operating experience both of their own and other companies’ installa-

tions.
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The independent judgements of safety factors by Cremer and Warner
and by the Health and Safety Executive were in a similar vein, though with
some disagreement on aspects such as the spacing of tanks and height of
bunding: these represented trade-offs in detail that were difficult to bal-
ance rather than matters which would critically affect the acceptability

of the plant.

It has been mentioned that Cremer and Warner were involved in the
Ingquiry in their capacity as independent hazard consultants retained by
the three local authorities. The Health and Safety Executive were
involved due to their role as statutory safety watchdogs of potentially
hazardous plant and advisors to other statutory authorities involved
(though not to local comrunities at risk). It is accepted that the plant
operator takes the overriding responsibility for plant safety, though once
built the Health and Safety Executive may serve an improvement or a
prohibition notice if a defective or suspect system or item of the plant is
observed. At the tirne of the Mossmorran-Braefoot Bay Inquiry the Health
and Safety Executive agreed with the view that there was no reason in
principle why an acceptably safe plant could not be constructed. They
intended to assess the operators own full hazard assessment once the

plant had been built and was operational {prior to commissioning).

The statutory responsibility for safety of the Health and Safety Exe-
cutive was said to end at the loading arm on the Braefoot Bay jetty,
marine safely being the responsibility of the Forth Ports Authority
(F.P.A.). The F.P.A. spoke to pilotage practices, bunkering, jetty person-
nel and interference of the proposed installations with pleasure craft. No

critical difficulties were foreseen.
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Statements relating to hazard made by local authority representa-
tives added little to that available in the Cremer and Warner report, thus
agreeing that the plant would be acceptably safe. Since the statutory
safety body (the Health and Safety Executive) had concluded as much,
this perhaps lends further support to their lack of consideration of safety

issues that might be raised by local residents.

The main case of local opposition through the Aberdour and Dalgety
Bay Joint Action Group was presented by -Professor Rasbash and Dr. Drys-
dale, from the Department of Fire and Safety Engineering at Edinburgh
University. A number of points were raised over and above those previ-
ously considered, and involving some disagreement with the Cremer and
Warner evidence on the movement and explodability of an accidental
release of l.e.g. vapour. This disagreement was not resolved conclusively
although the inspector's closing comments chose overwhelmingly to sup-
port the view of the proponents rather than the objectors by stating that
“the weight of evidence suggests that the maximum credible spill is less

than the quantity required to result in an unconfined explosion.”

Concern was also expressed over the lack of a comprehensive quanti-
tative assessment of hazard at the Public Inquiry stage of the Fife deci-
sion. It was felt that this was something that could and should have been
done at the planning rather than the commissioning stage, because it was
only in relation to such an assessment that the acceptability of the risk
involved could be adequately debated. At the Public Inquiry Professor
Rasbash and Dr. Drysdale were not convinced that design and operation
standards alone could ensure an acceptable level of risk. With the obvi-

ous exception of other opponents to the plant, this was not a view that
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found any sympathy either with the oil companies (who maintained abso-
lute confidence in their own safety assurances, and repeated that the
hazard assessment being demanded was impossible to carry out at the
planning stage-due to lack of specific detail), the Health and Safety Exe-
cutive (who considered the hazard assessment_ to be undertaken by the
companies themselves at the time of commissic;n.ing quite adequate), the

Inspector, or other parties at the Inquiry.

A review of speeches made by others in opposition to the plant leaves
no doubt about their misgivings in relation to assurances on safety that
had been given. Some individuals ventured to offer constructive sugges-
tions on alternative layout of plant in addition to voicing disquiet on the
hazard assurances they had heard, but all were dismissed. Others

repeated their request for a Planning Inquiry Commission to be set up.

The Inspector had little hesitation in recommending that outline
planning permission for the proposed developments should be granted. A
wide range of planning conditions were to be stipulated. There had also
been some hesitation about the possible rehousing of the inhabitants of
Gray Park, a council estate a few hundred yards from Mossmorran, and of
St. Colme House, a substantial private dwelling at a similar distance from

Braefoot Bay.

The Inquiry Report was submitted to Bruce Millan, the Secretary of

State for Scotland, for his final decision.
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Post-Inquiry Activity

The closing of the Public Inquiry proved to be a relatively early event
in the Fife decision process. Unknown at the time there was to be a delay
of more than two years before the decision to allow the developments was
announced. The delay may have been an expensive cne for the developing
companies, in view of their earlier stated urgency to have the facilities

operational by the winter of 1980/81.

The delay led to speculation that the oil companies might abandon
Mossmorran and seek an alternative location on the Cromarty Firth.
Although Mossmorran-Braefoot Bay was said to be preferable in terms of
labour availability and proximity to export markets, Cromarty would be
unlikely to produce the same stubborn opposition from local objectors.
Indeed the level of opposition encountered in Fife on issues of technical
complexity must have been a surprise as well as an irritation to the oil

companies.

The objectors, profoundly dissatisfied with their public servants and
officials, renewed their case o! opposition through the activities of the
Action Group. Events elsewhere following the Inquiry seemed to confirm
their worst fears about the inadequate appraisal of hazard that had been

given, and served to attract wider interest in their cause, for example:

(1) In April 1978 a modern gas fractionation plant at Ab Qaiq in
Saudi Arabia exploded, devastating the surrounding area. This
represented the second explosion at such a plant within a period
of twelve months, an earlier explosion having occurred at Um

Said in Qatar where a modern gas plant had exploded less than
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two years after commissioning, laying waste the surrounding
area up to a radius of 2 miles. Due to the proximity of Cowden-
beath, a corresponding explosion at Mossmorran would lead to a
disaster of unimaginable proportion. The Mossmorran design
was said to be impossible to allow another catastrophe stem-
ming from the same cause {by providing fully redundant secon-
dary storage walls), but to the Action Group this difference in
design reflected no more than a practice of responding to
events rather than shaping (in this case, avoiding) them; the
removal of one cause of catastrophe, was not a guarantee that

there would be no others.

In July 1978 in San Carlos, Spain, a road tanker carrying lique-
fied gas (propylene) exploded on its way past a holiday campsite
incinerating 200 people, the most vivid and tragic illustration in
recent years of the hazard potential of l.e.g. The cause is still
disputed, and the incident provides a classic example in the
field of l.e.g. technology of the occurrence of an impossible
event. Another road tanker disaster occurred in Mexico in the

same year.

Less dramatic but nevertheless disqueting was the discovery, on
commissioning of a liquefied gas storage tank at Abu Dhabi in
October 1978, of leaks in both main tanks. Other explosions are
cited in Gugan (1978), Davis {1979), and Health and Safety Exe-

cutive {1980).
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Events elsewhere in the oil industry provided further evidence
that major accidents are far from being isolated. improbable

events:

- the Ekofisk disaster in the North Sea, caused by a "fail safe”

valve which had been installed upside down.

— the ecological disasters caused by major oil spills, from the

Cristos Bitas, Eleni V and Amoco Cadiz oil tankers;
~ the explosion of the Betelgeuse at Bantry Bay:

- the collision into the jetty at Sullum Voe of the first tanker

to use the facility;:

~ minor incidents at sea involving l.e.g. carriers {collision
with Canvey jetty, April 1979; tanker in wrong shipping lane
in English Channel, June 1978; British tanker grounded in

Norwegian waters; and many more),

Various reports became available in 1978 which apparently
reflected a more enlightened view worldwide of the hazards of
liquefied gases. The most comprehensive of these was a docu-
ment issued via the General Accounting Office in the United
States, the main conclusions of which stated that (i) future facil-
ities for storing large quantities of le.g. should be built in
remote areas; {ii) facilities already 1n other than remote areas
should not be permitted to expand and their safety should be
re-evaluated; (iii) storage and transport of l.e.g. poses serious

dangers to the public.
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(6) A gquantitative hazard assessment which had been commissioned
by the Health and Safety Executive on the Canvey Island lique-
fied energy gas facilities was issued, recommending that two
l.e.g. terminals (smaller than that proposed for Braefoot Bay)
be moved to a distance of 4 km from the nearest housing area
rather than the 1 km that had originally been planned. Although
this report had been officially heralded as a major breakthrough
in the U.X. in hazard control policy, and had been claimed (in a
statement to parliament by Guy Barnett) to prove the
Government's determination to show that important planning
decisions should be taken in the full knowledge of all the impli-
cations for those likely to be affected, a similar hazard assess-
ment for the Mossmorran-Braefoot Bay development was stead-

fastly refused at the planning stage,2

(7) Practices elsewhere in the world also confirmed a more
enlightened strategy--the State of California passed an Act in
September 1977 which effectively banned the construction of
l.e.g. terminals and the use of shipping lanes by l.e.g. tankers
within 4 miles of populated areas. In the Netherlands a large
l.e g installation is now planned for Eemshaven (25 km from the
nearest population) rather than its originally designated site in

Rotterdam.

An olficial safety assessment was, however, being prepared for the St. Fergus-Mossmorran
overiand pipeline; see Health and Safety Executive 1979.



83

These observations, made by the Action Group since the closing of

the Inquiry, formed a basis for their call for a reopening of the Inquiry.

Their case was substantiated further by way of their own partial
quantitative assessment of hazard in a report entitled "Shipping hazards.”
In the absence of an official report of this nature, the Group produced
their own, and, in order to avoid any criticism of amateurism or bias sub-
mitted it for scrutiny to the independent firm of consultants Burgoyne
and Partners. With only minor qualification the findings in the report
were accepted by this firm. They bear repetition here (see Table 1), as
until refuted, they establish beyond doubt the view that the planned ter-
minal at Braefoot Bay would pose an unacceptable level of risk to the
local population—most alarmingly in Aberdour and Dalgety Bay, and with

other communities being affected to a lesser extent.

"Shipping hazards” and all other post-lnquiry information summar-
ised above was presented to the Secretary of State for Scotland. None
was accepted by him as relevant additional evidence. In addition, number
of points on which evidence on hazard at the Public Inquiry was con-
sidered teo have been seriously erroneous were identified. Again these

points were not considered to be relevant.

A further submission by the Action Group concerned the risk posed
by break sparks from radio sparks or electro-magnetic radiation which
can create a hazard of ignition or explosion at gas installations. The
Group claim that there are quite extensive military radio and radar
transmissions in the Firth of Forth. This hazard had not been considered
at the Inquiry either by Shell and Esso or by the Health and Safety Execu-

tive. It was accepted as relevant additional evidence, and further official
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Table 1. Risk Assessment: Braefoot Bay Berthing Facilities

{ Location Distance Risk of Multiple

| from Jetty Fatalities

i (km) Per Year®

J

‘ Aberdour 1 1,000 x 1078

| Dalgety Bay 1 1,000 x 1075
N. Queensferry 5.6 11x10°8
S. Queensferry 7.2 89 x 1078
Hound Point (Dalmeny) 4.5 13 x 1078
Cramond 6.1 37 x 10°°
Granton 7.6 37 x 1075
Leith 98 19x10°8
Burntisland 5.3 148 x 1078

*An acceptable level is generally agreed as being one in a million per
year.

Source: Aberdour and Dalgety Bay Joint Action Group (1979);
results verified in a private consultant's report.

research by the Health and Safety Executive in this areas was duly
demanded. It is this research that made the greatest contribution to the
long delay between Inquiry and decision; it did not ultimately affect the

way the decision eventually went.

The delay served to give wider publicity to the issues that the Action
Group were fighting. Newspapers (notably the Scotsman) carried a
steady stream of articles and letters, and occasional television documen-

taries reflected aspects of the fight. Lothian Regional Council, an author-
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ity to the south of the Forth and not hitherto involved with the develop-
ments. pressed for a reopening of the Inquiry due to the hazard posed by
l.e.g. tratfic in the Forth (Scotsman, 9 September 1979). The South of
Scotland Electricity Board are reported to have re-evaluated the resili-
ence of the proposed Torness nuclear power station (25 miles away from
the jetty at Braefoot) again due to potential hazard of explosion. Support
for the Action Group cause was also forthcoming from the academic com-
munity, notably Professor James Fay from the Massachusetts Institute of
Technology. and renowned in the field of l.e.g. hazard. In his view the pro-
posed developments were far too dangerous to site in such close proxim-

ity to large residential areas.

Support locally was also strong. The Group had long claimed such
support, and it was something of a test of this claim when they put up a
last-minute candidate for the Regional Council elections held in May 1978.
After less than a week's canvassing for a candidate hitherto unknown in
four out of the five communities in the ward, the Action Group noted that
their candidate polled 50% more votes than the Labour candidate and lost

by only three votes to the sitting Conservative councillor.

A change of national government in June 1979 gave the Action Group
new hope that the mass of additional evidence that they had assembled
would be examined by the Secretary of State for Scotland before taking
his decision. Representatives of the Group were invited to Westminster on

i3 June 1979 to present their case.

The outsider watching events can only speculate at the nature of
consideration that the additional evidence was given--whether it was a

shallow, token response, or a genwne appraisal. The decision of approval
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to be announced by the Secretary of State for Scotland may be portrayed
in various ways: as a calculated gamble on criteria of public safety; as a
deliberate whitewash of objectors’ arguments in the face of the threat
from developers to abandon the project completely: as an overdue termi-
nation of a public participation exercise that had gone too far; as vindica-

tion of the aims and assurances of the developers and local authorities.

4. THE ACCEPTABILITY OF RISK

"Leaving the judgements of acceptability to the experts will not
necessarily guarantee either fair decisions on risks or effective
control of them" (Council for Science and Society 1976, p. 31).

Such words appeared to have no place in the Fife decision. There
was no question but to leave such judgements to the (officially appointed)
"experts,” and their apparent failure to use the phrases "acceptable risk"
or "acceptably safe” in a meaningful or consistent way does little to com-
mand public confidence or respect. It is appropriate here to consider the

criteria on which judgements of acceptability were based.

It was said on occasions by all main parties (the oil companies, the
Action Group, Cremer and Warner, and the Health and Safety Executive)
that an acceptable degree of risk was such that a dangerous incident
which could cause injury to a member of the public outside the boundary
of the plant should not occur more than once in a million years. This is a
classic yardstick of acceptability (Council for Science and Society 1976;
Health and Safety Executive 1980) and although it may appear to provide
a scientific foundation to hazard appraisal, it does not possess any mean-

ing in the context of Mossmorran-Braefoot Bay Inquiry because no
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quantitative assessment of hazard had been made. Thus, what is an
apparently comforting "one in a million"” possibility can only be regarded
as an empty statement, in the Fife context, to which nothing else that was
said may be directly related. In their own report (Fife, Dunfermline and

Kirkcaldy Councils 1977) the local authorities had stated:

"Had it been the case that the evaluation carried out by the con-
sultants Cremer and Warner had shown that any aspect of the
proposals would constitute an unacceptable level of risk to life
and property there would be no alternative to recommending
refusal of the applications.”

On the one in a million criteria, the results in Table 1 undoubtedly con-
tirm an unacceptable risk; and yet there was no substantial response to

" these results.

The other yardsticks of acceptability that were used were still less
meaningful than one in a million. The meaning of the frequently used
word “"safe” is not self evident. In the report by Cremer and Warner
(1977) satety is defined in the following terms: "an activity is said to be
safe if the associated risk and consequences, considered together, are
regarded as acceptable,” but other parties were not bound by this defini-
tion (nor did they refer to it). The Council for Science and Society (1976)
prefer the more rigorous phrase "a thing s provisionally categorised as
safe if its risks are deemed known and in the light of that knowledge

'

judged to be acceptable.” It is reasonable to conclude that at the Fife
Public Inquiry the word "safe" was used less than rigorously. Both defini-
tions fall back on the notion of acceptability, which itself needs to be

defined. This might be approached by invoking the classic yardstick of

acceptability of the "one in a million” possibility, but this in turn requires
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that the Mossmorran and Braefoot Bay hazard is quantified so that it can
be related to this yardstick. Alternatively, acceptability might be
approached by asking who should judge it rather than how it should be
judged. Thus, if the community at risk judges the risk as acceptable then
this may lead to adequate resolution of the problem. This was apparently
the course advocated in the Cremer and Warner report, in their state-
ment already quoted above that "the criteria of acceptability must be set

by the community.”

This statement, however, was not pursued in depth. It is worth con-
sidering the notion here, nevertheless. Risk may be deemed acceptable if
accompanied by benefits that are perceived to outweigh it. This could not
be concluded in the Mossmorran-Braefoot Bay case, however, where the
Inquiry Inspector stated that there would be a few local benefits from the
project. A more dubious way of resolving the issue would be to invoke the
belief that "the extreme case of an accepted risk is one that is totally
unknown” (Council for Science and Society 1976). Thus, by remaining
1ignorant themselves and assumning that the local communities were simi-
larly ignorant. it would be genuinely possible {though hardly reassuring)
for the local authorities to pronounce the proposed facilities "acceptably

safe.”

The question of who should judge acceptability also bears further
consideration. There would appear to be five possibilities. It could be left
to the industry operating the installations--the Adwvisory Committee for
Major Hazards (Health and Safety Executive 1976, 1979) argues that the
prime responsibility for safety should lie with industry, and the Inquiry

statements made by Shell and Esso appeared to bear out this view,
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almost to the point of arrogance, with repeated references to their safety
consciousness. While accepting that it is not in industry's interest to
operate unsafe plant, it is also true that safety is not their primary objec-
tive. Reassurance from a more independent party is more likely to con-

vince a sceptical public.

Judgement by the Health and Safety Executive (given the necessary
increase in resources) or some other independent body appointed
through the local authority or other public sector institution may alterna-
tively be more convincing. This is unlikely to be satisfactory unless they
enjoy the public's confidence to a greater extent than was the case for

the Fife decision.

Judgement by some third party appointed by (or at least known to be
given standing by) the community at risk may provide a more credible

result.

It could alternatively be left directly with the community at risk, as

remarked elsewhere in this paper.

Finally, a single Inspector at a Public Inquiry, judging the evidence
presented to him, could make the telling pronouncement on acceptabil-
ity. It has been argued (Sieghart 1979) that with a major project having
complex., controversial and long-term implications. an impossible burden

1s placed on a single person, and the credibility of the result is reduced.

The gremlin in all cases is the catastrophic event (a massive escape
of gas, a terrifying explosion, a vast fireball) whose probability of
occurrence is very low. Even if a quantitative assessment of hazard had

been made at the Inquiry stage, and the associated probability of
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occurrence calculated as negligible (1078 or below), it is still open to
question whether the community at risk would accept the installations as
being effectively safe” (suspicious that all possible causes of hazard had
not been adequately accounted for). No amount of calculation, reas-
surance or additional safety practices are necessarily absolutely convinc-
ing. Ill defined hunches. or the more rigorous identification of "impossi-
ble” events that have occurred in the past (San Carlos, Flixborough) spoil

the attempt. Human fallibility will always be open to exposure.

“"85% of industrial accidents are the result of human failure.
Even the most reputable and safety conscious companies are
vulnerable to major disasters and contribute to the total of
industrial accidents” (Public Inquiry, Findings of Fact).

In Popper’'s words

“.... even the greatest improbability always remains a probabil-
ity, however small, and consequently even the most improbably
processes, i.e., those which we propose to neglect, will some day
happen.”

It is not the contention in this section that the statutory production
of a quantitative hazard assessment at the outline planning stage will
resolve the issue of acceptability, merely that it will put it on a sounder
footing for meaningful public debate at this stage. (Even though the plan-
ning permission sought at this stage 1s termed "outline,” this effectively
takes the role of "final' permission in most cases.) The impressive Gen-

eral Accounting Office report (1978) concludes as much.

"Risk assessment studies have not reached a stage where they
give confidence in their conclusions. Therefore, safety decisions
cannot logically be based on them.”
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It is inappropriate to take this as an excuse for making no attempt to
quantify risk: it suggests rather that due account be taken of the confi-
dence limits of such risk assessments, erring in the interest of safety
towards the most pessimistic of possible outcomes (apparently the case

with the Canvey report).

Two other factors arising in the Fife decision deserve comment in

discussing the acceptability of risk.

The question of sabotage was given superficial treatment at the
Inquiry. It was recognised by the operating companies that it is almost
impossible to safeguard installations against sabotage and terrorism, and
although the point was seized by individual objectors, it was not pursued
in any depth and was not even mentioned in the Inspector’'s own conclu-
sions or recommendations. Yet the ease with which suéh installations
may be entered has been demonstrated on several occasions, and
appears to undermine completely assurances that the installations can

be made acceptably safe.

The final aspect is that of a cordon of safety around a major hazard
installation. Its specification as a zone within which residential develop-
ment is not permitted would appear to be a prudent precaution. The
most striking feature in this respect for the Fife facilities is that although
Mossmorran was so designated, the Braefoot Bay shipping terminal (due
tc handle millions of tons of l.e.g. annually, and said to be the most

vulnerable part of the Fife development) was not.



92

5. REVIEW

"Calamities leave one with a sense of insecurity; they do not
happen often, but happen they do, and since they are unac-
countable one wonders why they do not happen oftener, and to
whom one will happen next” (A.S.F. Gow, Letter from Cambridge.
1940; see Gow 1945).

It is understandable that quiet, respectable communities such as
Aberdour and Dalgety Bay may be hostile to planned petro-chemical
installations, that will produce a lasting scar on a peaceful coastline,
affect the local ecology and intrude on places of local historic interest. It
could be argued that the issue of safety, considerably more emotional
than these others, was being used by the objectors as the main weapon
with which to fight all aspects (not just hazard) of the proposed develop-

ments, so as to leave their corner of Fife free from any such development.

The fight was mounted by the middle class intellectuals of Aberdour
and Dalgety Bay, and not by the blue collar workers and unemployed from
Cowdenbeath, and yet this latter community will be at a similar distance
from a proposed major hazard installation. Thus, again there may be
grounds for scepticism about the motives of the Action Group. The
nature of the battle, however, turned out to be such that it could only
have been mounted by members of the public with the resources of the
middle class (including a high standard of education). The battle was
fought on matters of technical complexity, and the issues that were
raised can and should be divorced from socio-economic characteristics of
the people who were raising them and given adequate response from pub-
lic servants (the Health and Safety Executive, the Secretary of State for

Scotland. the local authorities) in their own right. Such response was not
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apparently forthcoming.

The objectors might be forgiven for thinking that a campaign
mounted on more frivolous grounds would have brought them more suc-
cess. Unorthodox theatricals and deliberately disruptive tactics com-
mand wider coverage by the media and have been known to prompt pub-
lic officials into a more appropriate state of awareness. In the case of the
opposition in Fife, however, intellectual argument prevailed over such
possibilities. Furthermore, it was a campaign conducted from the begin-
ning through local residents associations, and although it attracted later
support from. for instance, the wider academic community, it remained
independent of the more powerful environmental movements such as
Friends of the Earth. The opening of the Windscale Inquiry just two weeks
before that at Mossmorran was not the most fortunate coincidence of tim-
ing for the objectors in seeking more widespread publicity for their
cause. An investigation by Pearce, Edwards and Beuret (1979) accom-
panied the latter Inquiry with a view to identifying the major weaknesses
in the institutional procedures available. It is a pity that the exercise was

too late for the Mossmorran decision.

6. CONCLUSIONS

"The sense of fairness is deeply ingrained in our traditions. In
this country most people will readily accept decisions that are
adverse to them, provided they have been reached by pro-
cedures that are seen to be fair” (Sieghart 1979, p.4).

An attempt has been made in successive sections of this paper to

review the main areas over which disquiet about the Fife decision appears
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warranted, and by which its fairness can thus be questioned. Institutional
deficiencies have been discussed. a marked inadequacy in consideration
of acceptability of risk has been identified, and specific points of errone-
ous evidence have been hinted at. In addition to these areas, a further
criticism, which finds agreement between all main parties, concerns the
excessively long period of time over which the decision spanned. Since
the areas of disquiet aspects of safety were responsible or the delay, it
would be more acceptable if the delay had enabled some reassurance in
these areas, but this was not so. It is left to note possible improvements
in order to enable the next such decision to be made on a more satisfac-
tory basis--either to render public participation less of a mockery, or
(since the Cromarty area in which the next major gas plant is destined is
unlikely to present anything like the determined and skilled opposition
aroused by the Action Group from Aberdour and Dalgety Bay) to ensure

the decision process is seen to be fair on a wider national basis.

Remedies for institutional deticiencies in the public inquiry process
have been discussed in Sieghart (1979) and Pearch, Edwards and Beuret
(1979) To these must be added a regeneration of respect for and confi-
dence in public sector institutions {(both the Health and Safety Executive
and local authorities) concerned with public safety. It is not sufficient for
local authoerities to rely completely on the advice of independent private
consultants in this respect; it would not be the role of such consultants
to define criteria of acceptability of risk, but rather to advise whether

such criteria are met in any given context.
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Criteria of risk acceptability must be identified and used con-
sistently throughout the decision process. Agreement is needed over
whether and at what stage in this process a full quantitative assessment
of hazard needs to be produced, who should produce it, and who should
be the final arbiter of risk acceptability, bearing in mind that respect
from all main parties to the decision is needed to ensure credibility. It
should, moreover, be possible to accommodate at any time additional evi-
dence to remedy any serious deficiencies or omissions in hazard

appraisal that emerge during the process.

Physical and economic attributes of sites suitable for l.e.g. installa-
tions are considerably easier to define than those referred to above. This

does not mean that they are more important.
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APPENDIX

Letter to Scotsman newspaper =-- 18.3.1978

MOSS MORRAN project 'is a job loser'

6 Seaside Place, Aberdour
Fife,
March 16, 1978

Sir, =-- Recently publicity on the Moss Morran petrochemical proposals has
concentrated almost exclusively on the hazards, and perhaps rightly so

as evidence accumulates daily that NGL is not quite so innocucus a product
as oil. However, in recent letters from Mr. Baker and Councillor Livingston,
and in Maurice Baggot's article this week, the job advantages have been
raised, and it is timely to remind ourselves what those job opportunities
are likely to be. Most of the pronouncements appear to be unsupported
guesswork; the only sound basis for discussion is evidence laid before the
public inquiry, and it is from that source that I derive my figures.:

First of all, the number of jobs involved. Maurice Baggot quotes 500
permanent jobs from the NGL and ethylene plants combined, and Harry Ervine,
M.P. (who certainly should know better) inflated this figure to 750 on

Radio 4's "ARll Things Considered" on Tuesday night. The applicants, Shell
and Esso, were not so optimistic at the inguiry where they quoted for the
NGL plant, the only proposal for which there is a permanent commitment to go
ahead. 120 permanent jobs -~ 80 Shell and 40 "contract" -- the latter being
described as security guards, canteen workers, cleaners, etc. The 80 plant
operators would be skilled men (one hopes) and would of necessity be
imported into Fife. Shell suggested, by analogy with an Esso plant in
Australia, that five years might elapse before local-born personnel would be
employed in these areas in significant numbers.

Esso's estimate of permanent employment was 350. I have no details of the
make~up of this figure, but one might expect the same sort of skill breakdown
as for the NGL plant. And the same time factors for local build-up. Here,
however, there is no commitment to go ahead and it is well established in
petrochemical industry circles that of the four large ethylene plants under
consideration in the UK only one is likely to go ahead. Why should we assume
it will be at Moss Morran, particularly as Esso stressed the critical
importance to them of the regional development grant, and there are now

strong pressures from the EEC that such grants should be withdrawn from
petrochemical developments. To a pessimist, or perhaps just a realist, then,
the job picture is 40 permanent jobs in 198! and perhaps another 40 by the
mid-80s.

Secondly, Maurice Baggot gquotes the job multiplier--the creation of service
industries to support the actual plant jobs--as three jobs for every plant
job. Shell's figure was nowhere near this, and they are hardly likely to
have underplayed this benefit.

There is no doubt that the construction phase will require a substantial
workforce, and if this plant does come to Fife it is to be hoped that local
firms and workers will benefit. However, Shell and Esso were gquite positive
at the inquiry that while local firms would be invited to tender for
construction subconstracts, they would receive only equal consideration
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with outside firms, and price, and perhaps more important, established
quality and delivery performance would be the only criteria. Fife is
short on experience of building petrochemical plants and is likely to

pe disadvantaged here. On top of this, much of the site work will be
skilled, and the comparison of the unemployed register for Fife (levels
as stated in one of the local authority productions to the inquiry) with
Shell's requirements shows an unbalance which verges on the ludicrous:

Trade Unemployed Shell Requirement
Steel fixers, erectors

and riggers 21 225-350
Welders 24 100~150
Plant electricians 26 200-300
Pipe fitters 27 200~300
Insulators 22 150-200

In the conventional building trade, bricklaying, joinery, painting, and
labouring, there was capacity to meet Shell's needs but in the skilled
trades quoted, what distortions are going to be introduced into local
employment patterns by the massive shortfall, and what ancillary jobs will
be lost in consequence?

Mr. Baggot quotes my own firm, Marconi, where current unfilled vacancies

are in excess of 200. 1In particular, we have urgent openings for mechanical
fitters. There were none on the unemployment register as quoted at the
inquiry and presumably this is still the case: Shell want 25. If we lose
part of our fitting workforce to them, and our potential sub-contractors
suffer likewise, how many wiremen, testers, inspectors, progress planners,
and other support jobs will go because we can no longer take on work
involving mechanical fitting? But then, perhaps the workforce won't all be
local, and the people of Cowdenbeath will have the pleasure of a local
construction camp, and 700 to 1000 migrant workers for three or four years
on their doorstep. Of what benefit is this to Fife? I note in passing

that Marconi have already, since the inquiry, created more new permanent
jobs than Shell offer, virtually all for local people, without any increased
risk to the community or despoilation of the environment: also that if the
Braefoot Bay terminal suffered a major accident, all 2400 jobs in our
factories might be lost (along with the lives of the job holders) as we are
about one mile from Braefoot.

One final point on employment -- the key worker. Thriving businesses depend
for success and continued growth on small numbers of key specialists who can
read the market right and create product ideas to satisfy that market. Such
people are seldom motivated purely by money, and Fife in the past has
attracted many of them from other parts of the UK by its pleasant, nonindus-
trialiseZ environment. The hazard, pollution, and visual intrusion of a
petrocnemical plant are hardly likely to enhance such attractions. One of
my former colleaqgues has recently been investigating sites in Fife for a

new venture of his company, and he told me, and I believe also Fife's
regional officials, that if the petrochemical plant comes he will not and
without him, neither will 100 jobs.
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The people who oppose this plant, not all of whom live in Aberdour and
Dalgety Bay, are not solely concerned with their own property values. They
include some of the most successful job creators in Moss Morran. They know
from experience what makes employment. Asample of their experience was

laid before the inguiry which could not be contested by Shell or Esso, who
left employment investigations entirely to the main contractor (who was

not available for examination at the inquiry), or the local authorities.
The Moss Morran project is a job loser and we believe it is criminal in
deluding the unemployed of Cowdenbeath into thinking that their prcblems
would be resolved by its coming.

J. R, Sutelli






A SHORT HISTORY OF THE
CALIFORNIA LNG TERMINAL

Joanne Linnerooth
IIASA

INTRODUCTION

During the last decade, three liquefied natural gas (LNG) projects
were proposed for California. At this writing, Pacific Lighting Corporation
and Pacific Gas and Electric Company are still seeking government per-
mits for two of these projects, involving the import of liquefied natural
gas from Indonesia and South Alaska. The third LNG project, proposed in
1974 by the El Paso Company, was to bring Alaskan North Slope gas by
ocean carriers to a receiving terminal in Southern California. This propo-

sal has been rejected in favor of an overland pipeline.

While these three projects are interrelated, this case history will
focus on the Indonesian LNG project. The intent of this brief history is to

outline the most important events of this decade-long controversy (for
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more detailed case histories, see Ahern 1978 and Western 1978). A dis-
cussion of the issues underlying this controversy follows. (See the Appen-

dix for a Summary of Major Events Timetable.)

THE INITIAL PURSUIT OF A TERMINAL SITE

Based on projections of decreasing natural gas supplies and increas-
ing needs, Pacific Lighting Cv:n'porat.ion1 began in the late 1960s to pursue
supplies from Indonesia and Cook Inlet, Alaska. In 1972, a letter of intent
was signed by Paclndonesia and Pertamina (the Indonesian state-owned
oil company) for the purchase of LNG at the rate of about 540 million
cubic feet per day. After three years of price negotiations, the LNG con-

tract was approved by the Indonesian government.

Meanwhile, Pacific Lighting Corporation had created a subsidiary, the
Western LNG Terrninal Company {Western), for the purpose of planning
and building two import terminals. In 1972, Western was joined by the El
Paso natural Gas Company which was seeking a site to receive gas from
Alaska's North Slope. After somewhat limited site screening, the Port of
Los Angeles was chosen to receive gas from Cook Inlet and Oxnard was
chosen to receive gas from Indonesia; because El Paso had a corporate
policy of not siting a LNG facility within ten miles of a populated area, the
remote Point Conception (Little Cojo Bay) site was chosen to receive gas

from the North Slope.

Pacific Lighting Corporation is the parent holding company of Southern Califor-
nia Gas Co. Paclndonesia and Western are now 507 owned by Pacific Gas and Elec-

tric Co. and Pacific Lighting Corporation.
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In 1974, applications for each of these sites were filed with the
Federal Power Commission (FPC)Z. In support of the populated Los
Angeles and Oxnard sites, Western commissioned two risk assessment stu-
dies (Science Applications, Inc., 1975a,b) which showed the safety risks to
be acceptably low. Based upon probabilities of marine and shore LNG
operations these reports generated estimates of the likelihood that
members of the public would be killed during any one year from terminal
operations. In the usual manner, these risks were compared to other
possible causes of death including, e.g., il health and occupational
hazards. In addition, as required by tederal law, environmental impact
statements for both sites were prepared by the Federal Power Commis-
sion. Further, Oxnard commissioned a separate study of the environmen-
tal effects (Socio-Economic Systems undated). This study expressed the
risks of the proposed project in terms of worst-case scenarios showing up
to 70.000 possible casualties in the event of an accident, which "electri-
fied" opposition to the terminal {See Ahern 1980). The Oxnard risk

assessments are discussed in more detail in a later section.

In December 1977, after three years of hearings, the FPC condition-
ally approved the Oxnard site, but the Port of Los Angeles was rejected as
a possible site upon the discovery of an earthquake fault (for a critical
review of this lengthy approval process, see Western 1978). El Paso's
scheme to import gas from Alaska’s North Slope to Point Conception was

rejected in favor of a competing pipeline project through Canada.

Y —— . - . .

The FPC was essentially a financial regulatory agency with a mandate to regulate
pricing policies and charged with approving gas import projects. In 1977, it was
absorbed by the Federal Energy Regulatory Agency (FERC) and the Energy Regu-
latory Administration (ERA) of the newly created Department of Energy (DOE).
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A STALEMATE

The local reactions to federal approval of Oxnard and to federal
rejection of the Port of Los Angeles were both encouraging and discourag-
ing to the oil companies. The Los Angeles City Council voted that the
benefits of the 3155 million terminal outweighed the risks posed by the
earthquake fault;‘3 alternatively, the citizens of Oxnard became sensitized
to the risks of the planned 3300 million terminal. ¥ The Oxnard public
reaction, ignited by a published worst-case accident scenario, and fueled
by growing disagreements among the expert community over the risks

from LNG, slowed the approval process.

Though Western would have liked to defend its position at Oxnard by
pointing out that the terminal would meet all standards and regulations
governing terminal design and operation, the reality was that a
comprehensive set of federal regulations to ensure public safety did not
exist. During deliberations on these three LNG terminals, both the Coast
Guard (CG) and the Office of Pipeline Safety Regulation (OPSR)5 made
moves proposing LNG terminal safety regulations. These regulations have
only quite recently been made available (see US Department of Transpor-

tation 1980a,b). Because the difficult task of assuring the safe operation

The explosion of the ship Sansinena in the harbor (December 1978), did shake
the Council’s beliefs; however, after commissioning a "thorough study,” the Coun-
cil voted almost unanimously in faver of the terminals.

4The population of Oxnard is approximately 100,000; around 20,000 persons would
be living within two miles of the planned facility, but only very few people within
one mile.

5The Coast Guard, under the Department of Transportation (DOT), exercises ma-
rine safety regulatory authority over LNG tanker construction and operators and
over parts of the terminal. The OPSO, also a part of DOT, has on-shore regulatory
authority. There exists a memo of understanding for these overlapping mandates.
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of an LNG terminal fell on the shoulders of the nonexpert local authori-
ties, much of the blame for the uncertainties and problems surrounding
LNG terminal siting has been seen to lie with the federal agencies (Ahern

1978).

The relationships between the federal authorities and the state
authorities for LNG facility approval and siting is deliberately vague. The
federal government, by choosing not to clarify its mandate, has in effect
chosen not to challenge state authority. In fact, the DOE has intentionally
avoided a confrontation in the California case, in spite of their advocacy
of the Oxnard site. Thus, though federal and local approval of a site was
viewed as necessary, the final approval was vested in a stage agency--the
California Coastal Commission (CCC), which was created in 1976. The CCC
is composed of 12 lay people appointed from a variety of sources and
serving only parttime, and has responsibility for the protection of the Cal-
ifornia coastline. After much painful deliberation, the CCC decided
against siting a facility in a populated area in favor of a remote spot on
the beautiful California ceoastline; that is, they decided "against birds and
for people”. In 1977, the CCC advised Western to pursue more actively the

remote Point Conception (Little Cojo Bay) site.

At this point, Western faced a stalemate involving all three levels of
government. On the federal level, the FPC/FERC was in favor of the
Oxnard site, but the US President's National Energy Plan called for
remote siting of LNG terminals. The FPC/FERC also was deemed likely to
deny the Port of Los Angeles site on grounds of the recently discovered
earthquake fault, though this site was favored by the local authorities.

Again on the local level, the authorities of Oxnard seemed increasingly
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unlikely to approve a terminal, and Western faced a complex and lengthy
approval process with Santa Barbara County which held approval author-
ity over the Point Conception site. On the state level, it seemed unlikely
that the CCC, placing priority on public safety, could be convinced that an
LNG terminal was safe enough for the Oxnard and Los Angeles populated
areas. But the CCC also faced problems in approving the remote Point
Conception site, where the marine life, kelp beds, surfing breaks and
spectacular views represented the types of resources the CCC was
created to protect. To complicate an already complex situation, this site
was being actively opposed by the Bixby & Hollister ranch associations,
who owned the land, and by the Sierra Club, which opposed LNG on two
fronts: they argued that California did not need the gas, but if it were
imported the facility should be on a remote site. In summary, Western
faced the possibility of not obtaining all the needed approvals for any of

the three sites.

THE LNG TERMINAL SITING ACT OF 1977

In view of this impending stalemate the utility companies turned to
the state legislature for help. Their goal was to remove permitting
authority from the many local interests and the FPC and to place it in the
hands of the more congenial California Public Utilities Commission
{(CPUC). The CPUC was the principal state body involved in power plant

issues, primarily in the rate-setting process.
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The initial legislation (Bill AB220), introduced by Assemblyman Gog-
gin in response to the growing concern over LNG safety, was, however, not
acceptable to the utility companies. Though it would have given the CPUC
exclusive authority to certify a proposed LNG facility, it required that the
CPUC coansider the feasibility of both remote on-shore and off-shore sites.
In addition, it required that the CCC and the California Energy Commis-
sion (CEC)6 offer second opinions on the feasibility decision. The Energy
Commission was known to oppose the CPUC on the question of LNG for
California; in its 1977 policy report to the Legislature, the Commission
raised questions about LNG safety, needs, and costs. In the opinion of
Westerh. this bill would have effectively prevented the siting of LNG facili-
ties in California (Western 1978). So Western's parent company went to
battle for a rival bill (S.B.1081) which vested the CPUC with one-stop
licensing authority, precluding any real interference from the Energy
Commission”

The resulting legislation was a compromise between the environmen-
talists, who supported consideration of off-shore sites, and those who saw
an urgent need for an LNG facility to assure energy and jobs. The CPUC

was chosen over the more conservation-minded California Energy Com-

mission as the agency with state permit authority, preempting local

The Cealifornia Energy Resources Conservation and Development Commission (the
Energy Commission) was created in 1974, by, as the title suggests, both the en-
vircnmentalists and the utility interests. The Commission was charged with the
promotion of conservation and alternative technologies and was given the authori-
ty to issue power plant siting certificates--a way of streamlining the siting pro-
cedures. (For a brief case history of the Commission see McDonald 1879).

7The CEC reports to the legislature in a bienniel report on Califorrnia’s future en-
ergy needs and supplies. It has developed a2 sophisticated forecasting model
which generated demand projections below those of the CPUC and of industry.
The role of the CEC in the LNG siting process is one of technical consultant to the
CPUC.
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governments. As a bow to the conservationists, the CCC was given the
mandate to choose and to rank possible sites. and to pass these rankings
on to the CPUC. It was agreed that the site would not be off-shore, as
some environmentalists wished, nor could it be in a populated area, as
the gas utilities wished. Indeed, a nonpopulated area was strictly defined.
There could be no more than an average of 10 people per square mile
within one mile of the terminal, and no more than 60 people per square

mile within four miles of the terminal.

THE PRESENT STATUS OF CALIFORNIA'S LNG TERMINAL

In accordance with the Siting Act of 1977, the CCC evaluated 82 sites,
18 of which were nominated by the public. The CCC was required by law
to rank the sites proposed by the applicants. Of these B2 sites, only

four.8

including the Point Conception site, met the population standards,
and were not infeasible because of adverse wind and wave conditions,
earthquake faults, soil conditions, or other factors. The CCC passed these
rankings on to the CPUC, which eliminated all but the third-ranked Point

Conception site, finding that transients (campers, etc.) near the sites, on

roads and at public parks, made the other sites unsafe.

This, however, was not the end of the story. During the course of the
screening process, earthquake faults were discovered at Point Concep-
tion. For this reason, the CPUC could only conditionally approve the site,

stating in its July 1878 decision (the deadline date set by the 1977 Siting

These sites, in order of their ranking are: the US Marine Corps base at Camp
Pendelton, Rattle Snake Canyon, Point Conception, and Deer Canyon.
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Act) that this approval was conditional on Western showing that the faults

presented an acceptable risk to the terminal.

At the same time as the state proceedings, Western had filed with the
federal government for a license to import gas to Point Conception. With
the reorganization of the Department of Energy, the Paclndonesian file
was transferred from the ERA to the FERC, which undertook an extensive
environmental assessment. Though the staff of the FERC preferred the
Oxnard site, the Commission decided in favor of Point Conception to avoid
a further confrontation with California law. This approval was conditional

upon the results of the fault investigations.

These investigations have revealed additional faults at Point Concep-
tion. Spurred by this new information, as well as by a growing sense that
California may not need, or want Indonesian natural gas, opponents have
appealed the decision at the federal level. At this time, the Washington,
DC Court of Appeals has remanded the case to the FERC, requesting an
unconditional “go” or "no-go”. Another round of hearings, briefs, and

counter-briefs will follow. We await the decision.

THE ROLE OF RISK ASSESSMENTS IN THE PROCESS

During the course of events in the California LNG terminal siting
debate, there were seven major risk assessments carried out for the
three prospective sites: Los Angeles, Oxnard and Point Conception. To
understand the role these assessments played in the process, as well as in
the outcome of the debate, it is instructive to review their content and

use. For the sake of brevity, and with no loss in generality, I will limit my
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discussion to the early studies concerning the Oxnard site. These studies,
the Science Applications, Inc., risk assessment (SAl 1975), the Federal
Power Commission risk assessment (FPC 1976), and the Socio-Economic

Systems risk assessment (SES 1976) will be discussed in turn.

Science Applications, Inc., Risk Assessment

As part of its case for the Federal Power Commmission, the applicant
commissioned a consulting firm, Science Applications, Inc. (SAI), to carry
out a risk assessment of the proposed Oxnard terminal. This study was
elaborate, involving calculations of probabilities of vessel accidents, tank
ruptures, LNG spill sizes, methane cloud dispefsio'n and ignition, and the
resulting fatalities. The computer model developed for cloud dispersion
was deemed one of the two best in a Coast Guard review of several models
(Havens 1977). Ship collision calculations also involved a computer

model, calibrated to statistics from several harbors.

The SAIl results were presented in the form of several different
indices of risk. Individual annual probabilities of fatality due to the ter-
minal were presented in the format of iso-probability contour maps of the
site (see Figure 1). These probabilities ranged from a maximum of
1.5-1077 near the terminal to less than 10~1° beyond three miles for the
most conservative (risk-overstating) set of assumptions. Other contour
maps were presented for less conservative assumption sets. The max-
imum individual probability of a fatality resulting from the LNG terminal
was compared to other risks. For example, the individual probability of
dying in a fire was reported as 220 times greater than the LNG risk;

chances of a plane falling on a person in the site vicinity was reported as
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10 times greater than the LNG risk. Annual probabilities of catastrophes
were also presented, including 10~8 for a 2,000 to 10,000 fatality year, and
1.4-10~57, or "one chance in 710 septendecillion,” for the maximum catas-

trophe of 113,000 fatalities.g

The study concluded that LNG risks at the
Oxnard site were "extremely low.” The FPC decision of July 1977 cited all
the various numbers mentioned above, noted the conservative assump-

tions, pointed out that no party disputed the findings, and found that the

Oxmnard site involved levels of risk sufficiently low for FPC approval.

Federal Power Commission Staff Risk Assessment

The staff of the FPC also carried out a risk assessment as part of the
Environmental Impact Statement (EIS) to be presented to the Commis-
sion at the July 1977 hearing. This assessment made use of less elaborate
models and fewer resources than the SAI study in reaching its conclu-
sions. The logic of the report can be stated quite simply: All significant
risks were seen as arising from ship accidents. While this assumption is
plausible on technical grounds, the assessment did not defend the
assumption with analysis. All accidents were assumed thus to occur at
least as far from shore as the end of the 8000 ft (1.8km) trestle of the
Oxnard facility. Since the FPC staff determined that the maximum travel
of the [lammable vapor cloud and maximum distance of significant fire
radiation effects were both less than 6000 feet, the risk was deemed to be

“negligible.” The report concluded that ship transport to the Oxnard site

For comparative purposes, ancther study was cited t_l'i%t gave the probability of a
, five times greater than

32,000 fatality plane crash (intc a race track) as 10
the probability of 2,000 to 1%000 LNG fatalities for a different set of assumptions

than that used toc get the 10 © number above.
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"constitutes(s) an acceptable risk to the public.”

As with the SAJ study, the results of the FPC staff assessment seem
to have been accepted at the FPC hearing. The decision of July 1977,
cites both the FPC and SA] results in support of its approval of the Oxnard

site.

Socio-Economic Systems Risk Assessment

As part of the required Environmental Impact Report, the city of
Oxnard commissioned a consulting tirm, Socio-Economic Systems, Inc.
(SES), to carry out a risk assessment of the LNG terminal. The SES study
took a broader look at the problem than the previous two assessments.
Rather than characterize the risk solely in probabilistic terms, the report
presented 26 “population risk scenarios,” where maps of the Oxnard area
showed shaded maximum plume areas or fire radiation zones for each of
several wind directions, spill sizes, etc. (See Figure 2). Each scenario
characterized a "population risk,” er the number of people covered by
the maximum plume or fire zone, which ranged from 0 to 70,000. These
scenarios could be described (though SES did not) as maximum credible
accidents. Though the scenarios were not accompanied by any estimates

of their probabilities, they would have been quite low.

In the section immediately following the scenarios, the SES report
presented a probabilistic analysis, which combined numbers and assump-
tions from the SAI and FPC studies as well as a Coast Guard study. This
secltion chose to use the most conservative assumptions and numbers of
each of these studies, pointing out the wide differences in the numbers.

For example, the FPC used a probability of ship collision more than 5800
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times larger than the one used by SAl. These numbers (SES and SAI esti-
mates) were compared with expected fatalities from other hazards. While
SAl estimatcd the LNG risk to be 7 times higher (in terms of expected
fatalities) than a hypothetical Oxnard nuclear power plant, SES estimated

the LNG risk to be 2900 times higher.

The SES report also plotted annual probabilities of catastrophes
against the numbers of fatalities involved, for the SAl and SES estimates,
and other hazards for comparison (see Figure 3). Once again, the SAl
estimates for LNG were higher than the numbers for a nuclear plant,
while the SES estimates were higher still. In marked contrast to the
other two assessments, the SES study concluded that in view of the prob-
lems of estimating risks with very little experience base, and the differ-
ences in risk estimates between reports, "it is not now possible to state
confidently that the proposed facility poses a 'low probability’ of a high

consequence accident.”

As it happened, the SES report was never used in an official decision
process, because the California LNG siting process was changed by new
legislation in 1977, which ruled out non-remote sites such as Oxnard.
However, the SES report may have been influential in unofficial ways. The
peopulation risk sceﬁarios, which allowed local residents to see some
deadly methane plume covering their own homes, in Ahern’s (1980) words
"electrified opposition to the terminal.” In addition, the generally cau-
tious tone of the report may have increased the sense of caution and may
have dampened support for the terminal by the City Council. The report
seems to have generally increased opposition to the terminal. opposition

which led eventually to the remote siting provision of the 1977 siting
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legislation. As late as 19B0 one of the authors was told by a state legisla-

tive aide that the state could not site a plant that could kill 40.000 people.

The 40,000 fatalities matches the format of the SES report.

SOME ISSUES RAISED BY THE CALIFORNIA SITING PROCESS

In the following, the more obvious issues that have becomé apparent

from our study of California's siting process are listed. This list is not in

any sense complete and should be considered in the broader context of

the “Issues Paper” by the [IASA/MMT Risk Group. It is hoped that the fol-

lowing discussion will serve as a starting point for discussions with the

Task Force Meeting participants.

1.

In the discussion of siting issues, it is imgortant to begin by making
the distinction between the question of whether to site the facility
and that of where to site the facility. Whether to have a facility ulti-
mately depends upon national (regional) interests or objectives. In
the energy debéte. the lines are often drawn between two different
objectives or futures one of large-scale technoelogy. high economic
growth rates, and a centralized level of decision r.;mking: or one of
small-scale technology using, where possible, renewable resources or
recycling, steady-state economy, and decentralized decision making.
The resolution of this conflict will depend on the political system,
where national goals are arrived at through an interaction of various
interests. In the case of the California LNG controversy, these
interests or "stakeholders” include the industry or utilities, the

federal, state and local governments, the organized action groups,
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the unorganized consumers, those who benefit from an unspoiled
coastline and those who benefit, as well as those who do not, from
generalized economic growth. The question of how legitimate the
stakeholders view the political decision process is a basic issue which

is germane to most of what follows here.

The question whether to employ a technology is often lost in the
debate over where to site the facility. This seems to have been the
case in California where, at least at the state level, the question of
need was first debated quite late in the process. On the federal level,
it is interesting that the utilities’ projections of gas needs were
adopted by the Federal Power Commission. The only dissenting voice
was from the California Energy Commission, a rival of the CPUC,
which published a low-energy scenario for California. Though the
Energy Commission might have been a logical choice to make the
final siting decision (its mandate to site electricity generating plants
could have been extended to LNG facilities), the Legislature in the
1977 Siting Act chose instead to give siting authority to the CPUC
whose primary role had been a financial regulatory agency. In the
Siting Act, the Legislature explicitly decided the question of whether
to have a LNG facility and tried to ensure prompt resolution of the
siting problem by its choice of the CPUC. However, this decision was
made nearly five years after such a facility had been proposed by the
utilities.

This brings up the question of the direction of the decision process.
In the US energy sector most projects are initiated by the industry,

as opposed, for example, to the transportation sector where projects



119

(rcads, etc.) are planned by the government and carried out by
private industry after competitive bidding. A desirable mix of public
and private enterprise involves tradeoffs between the advantages of

private initiative and those of national planning.

More specific to the above issue is that of one-stop licensing. Before
1877, the direction of the California process was clearly bottom-to-
top since it was necessary for the industry to obtain permits from
scores of local authorities. However, this picture was changed by the
1977 Siting Act which gave one agency. in this case the CPUC, the
mandate to grant a siting permit (it was also necessary to have
federal approval, but the DOE appeared willing to accept the decision
of the state). There are obvious pros and cons in this shortened pro-
cedure, depending to a large extent on national objectives. Because
an LNG facility can benefit the greater population, but can impost
costs (risks) on a small local population, a procedure requiring local
approval inevitably proves difficult. Yet, if the decision process itself
is important, taking the decision out of local control is clearly
undesirable. Here one might investigate other mechanisms to
include in a fair way the local population, for instance, through 'bid-
ding schermes’' which would allow for compensation to those who per-

ceive themselves to be at risk.

An issue related to the question of local sovereignty is that of the
appropriate incentive system for choosing an acceptably safe site. If
the local government has veto power, it is possible that industry
would be compelled to locate where it receives the least resistance.

l.e., in remote areas, or to compensate local communities for the
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risks. Another related, and important question is who is liable for an

LNG accident?

5. A difficult question is how the decision process itself can be
evaluated, what are the relevant indicators? Included here might be

the following:
— Is there a forum for public debate?
—  What are the delays?
— Are all the alternatives considered?

— Does it encourage the best possible outcome in view of the

opposing interests?
— Howlegitimate do the stakeholders view the process?

The move to one-stop licensing seems to represent a tradeoftf
between the lirst two of the above. The purpose of the 1977 Siting
Act was to ensure the siting of an LNG terminal without extensive
delay--at some sacrifice in local participation. This Act, in the
interest of maximizing public safety and minimizing further delay,
might have precluded finding an optimal site by imposing the popula-
tion and the on-shore siting constraints. By "optimal” we can begin
by asking whether, in the absence of these constraints, a site could
have been identified that would have been viewed as more desirable
by all the parties. A more difficult definition of "optimal"” would
involve making equity judgments, or finding a site that would have
been preferred by some people at the expense of others. It seems
that the Oxnard site was favored by nearly all the stakeholders
including the utilities, the Sierra Club.lo the CPUC, the CEC, and the

The Sierra Club changed its stand in early 1977 to oppose the Oxnard site.
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FERC. A puzzling question is how a site that had support from so
many opposing groups could have been ruled out by the political

representatives.

Finally, we might want to consider if this process, either pre- or post-
the 1977 legislation, encourages an imaginative consideration of all
the possible alternatives. For instance, is it necessary to have one
large tacility, or could one imagine a series of storage facilities
presenting risks on the same order as peak-shaving plants located in
‘industrial areas? Or, were the possibilities for off-shore siting given
sufficient consideration. Where a project is defined by industry
before it is considered by government planners, there exists the
danger of tying the decisions to minor variations of the proposed

concept.

Turning to the role "risk” played in this process presents a number
of exciting issues. There are, of course, technical problems of
estimating the possible consequences and their probabilities, deter-
mining the error bands for existing estimates and designing tests,
experiments and models for improving these estimates. An equally
important problem concerns the public perception of the risk: what
factors or dimensions of the hazard explain the observed reactions,
can public response be in any sense predicted? What role do the
medla, the infermation campaigns, and published risk assessments
play? Here analogies to the nuclear power debate become

apparent--ilarge-scale technology, low-probability, high-consequence
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events, involuntary, passive exposure, etc.

Of particular interest is the catastrophic, or potential holocaust
dimension of the risk which seems from a number of published
sources to have played a major role in public perception of nuclear
power. In the case of LNG, this aspect of the risk might be viewed as
having been the decisive element in the California LNG siting debate.
One possible hypothesis is that the siting procedure would have pro-
ceeded routinely, that is, after completion of all the necessary
reports and hearings, the facility would have been located at Oxnard
as recommended by the FPC, had it not been for one crucial event:
the publication of a worst-case scenario showing that 70,000
residents of Oxnard could be victims of an ignited LNG vapor cloud.
After publication of this report not only the public, but all the
relevant government agencies with the exception of the FPC/FERC,
became increasingly risk averse. This report seems to have had con-
siderably more effect on sensitizing the public to the risks of LNG
than an earlier event--the explosion of an oil tanker in the Los
Angeles harbor. The latter showed that an accident was possible
whereas the former showed that a holocaust was possible! The differ-
ences in public reaction might be explained by the existence of a
comparatively well-organized opposition in Oxnard drawing especially
from the 10,000 residents who were within a two-mile radius at the
proposed facility. Yet, the publication of a catastrophe scenario cer-
tainly had a profound effect. (This is especially interesting since it
seems that there was a similar turning point in the siting of an LNG

facility in the Netherlands.)
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Regarding the risk studies, and the various reactions raised by the
particular formats chosen for presentation of the results. we can
observe that there are what has been described as ‘valium’' and
‘doomsday’ reports. Recognizing that these reports were written to
persuade opposing parties, usually in the context of a hearing. it is
useful to ask what their proper role is. For this purpose, we might

ask the following questions:
— What assessments should be made?
—  What methods should be used?
—  How should the results be presented?
—  Who should make the assessments?
—  Who should sponsor them?
—  VWho will assess the assessors?
And on a broader level, we might ask:
— Is there a notion of an acceptabdle level of risk?
— Do risk studies make a difference?

Another important issue concerns the decision process. One esti-
mate by the utility puts the cost of delay at about $1 million pér day.
To this figure one would have to add the costs of the myriad of
reports, hearings, consultants, etc. How would the final figure com-
pare with the extra cost of remote siting of an off-shore facility, of a
more (or less) expensive alternative to LNG? Would it be possible, for
example, to move the residents from the two-mile radius {or a 5-mile
radius) of the Oxnard site at a cost less than that of the cumbersome

decision process?
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B. Another point that might be investigated is the absence of any sort of
referendurn on the LNG question in California for Los Angeles,
Oxnard, or Point Conception. Could the results of such a referendum

be ez post predicted?

9. In this regard, a decision-analytic framework might be an appropri-
ate starting point. The most important role for a systematic
approach to decision making is to help specify a likely scenario with
respect to a particular problem based on discussions with the key
stakeholders. In so doing. it is particularly important to specify the
set of decisions that have to be made and the role each stakeholder

is likely to play with respect to each of the many decisions.
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DISCUSSION COMMENTS

CIERAAD: ] have three points on which I would like to comment. One of
Joanne's questions was "Is there an acceptable level of risk?” I think that
perhaps there is not, or at least I do not think it is possible to say “Here is
the Line.” My second point relates to Joanne's question: "Did risk studies
make a difference?”’ 1 do not think there is an easy answer to this query.
For instance, frequently safety is an important topic for discussion but it
is difficult to know to what extent studies on the risk of LEG were taken
into account by the different parties. My last point is a clarification of a
comment you made regarding TNO. One of the main issues within the TNO
Risk Assessment Group is whether there should be a norm of acceptabil-
ity. 1 was, therefore, stunned when you mentioned limits that TNO has
come up with when I do not think they did. You may have confused the
government's position, or the position of the province of Groningen.

LINNEROOTH: | agree with your commments on acceptability. But I think
Mr. Mehta, from indications in his paper, might give you an argument. 1
think you are right on my question “Have risk assessments made a
difference?” It was certainly very vague and perhaps I should have asked
“What difference can they make?" 1 suppose 1 was over simplitying. Yet
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the major decision on switching the site in Holland was political”. Risk
analysis played & small role. But you are right, we should keep the ques-
tion at a broader level.

CLARENBURG: [t struck me that you, for an example, compared the pro-
babilities of various accidents. We have found that the public has no
notion about probabilities. The public reacts to a risky activity in terms
of @ maximum potential accident. That is what the public can under-
stand.

RAVETZ: 1 would like to inject quite a different consideration. When
Joanne showed us those two sorts of tables, you can call one the valium
and the other the amphetamine, it occurred to me that no one sitting
around the table now would play the following game anymore (at least, I
hope not), of saying "Lookie, lookie! How trivial it all is. We can tell you
either to go to sleep or to jump off the cliff.” Although risk assessment is
clearly still uneven in its development, there has been a very rapid matu-
rity, an awareness, of what is involved in a risk assessment, both on the
technical side and on the political side. 1 have watched it much more
closely in connection with nuclear power than with the LNG question.
And it struck me during your talk that I got irritated.

I thought of a useful analogy that you could see in the early development
of various disciplines, that emerged from a very undisciplined political
state. In the early days, either the baron had a false claim to his castle
or the the local saint was actually spurious. At various points in the six-
teenth and seventeenth century there developed techniques for assess-
ing documents which at first were introduced in a political way. By the
end of the seventeenth century there was fair agreement among histori-
cal scholars as to how you could assess a document. Now they still
argued but at least they were arguing about the same thing. With respect
to the fleld of risk assessment, we are almost on the brink now of having a
certain agreement about what can be said and what cannot be said, by
people who are having a dialogue.

OTWAY:. ] want to congratulate Joanne for asking the right questions,
though ] am not sure of the answers. ] think they are important ques-
tions, and ones ] have been asking myself. On acceptable risk, of course,
we all know there is no such thing as "drawing the line"—its a silly notion.
At one time | maintained that there was a line of unacceptable risk, where
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a regulator can say "I am sorry you cannot have that even if you want it.”
The first time I suggested this in a meeting, somebody said "] am glad to
hear some common sense, because the risks caused by not having the
benefits of my technology are larger than its risks, therefore my technol-
ogy must be accepted by the regulators trying to protect people against
unacceptable risk.” After that response I concluded that there is also not
an unacceptable level.

DALL: 1 think it is crucial to recall that risk analysis is done by someone
for someone, in a goal-oriented context rather than at an abstract level.
The specific objectives determine to a large extent the work that is done.



III. PARTY PERSPECTIVES

An important lesson from I[IASA research to date is that there is no
simple decision structure that describes the siting process. It has
become clear that a central factor in understanding the problem of
managing technological risks is recognizing the complexity of the deci-
sion structures involved.

Each interested party views the problem from a different perspec-
tive, and so brings a different structure to the problem. The industry
involved may view the siting problem as a choice among alternative
investments, where such factors as net return on capital and energy-
supply security are primary concerns. Local interest groups may view
the problem as one of trading safety for jobs or perhaps as a land-use
problemm. Some interest groups may consider the problem as one of pro-
tecting natural resources. Government planning agencies may be con-
cerned with compatibility between siting plans and their long-term land
use plan. Regulatory agencies may view the problem in terms of public
safety, energy supply security, and the economics of the project (reason-
able price for the ratepayer, etc.).

131
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Each of the participants at the Task Force Meeting is personally
involved in the LEG siting issue in his/her respective country. Each views
the problem from a unique perspective shaped by the national context,
the individual's affiliation, and level of involvement; thus, each brings a
unique structure to the problem. The papers and discussions in this sec-
tion illustrate the following different perspectives: Environmental and
Citizen Groups, Industry, and Regulatory Agency.

A ENVIRONMENTAL AND CITIZEN GROUPS

Although national and global environmental groups have reported a
strong concern over the safety implications of high-technology LEG
import and export facilities, they have for the most part lacked the staff
time and resources to participate actively in LEG discussions. Local
citizen groups, on the other hand, have mobilized either to support or te
oppose LEG faecilities. In some instances, fervent and vocal opposition
groups have arisen to fight industrial siting plans. Without exception,
these groups have not been opposed to the import/export of LEG, per se,
but to the particular site selected for the terminal. In other cases, the
local population appears to have actually supported the site. The papers
and discussions presented in this section explore the LEG siting process
with special consideration given to social and environmental issues.

Papers in this category include those presented by Lucas Reijnders
dealing with "Societal Interest” in a general sense, and by P.D. Mehtaon a
local view of terminal siting in the Mossmorran/Braefoot Bay case.

B. INDUSTRY

Though the perception industry has of the LEG siting problem differs
among countries, sorne comrnon themes emerge. Generally, industry
views the siting question as one of finding the least-cost site, feasible in
terms of berthing conditions, yet acceptably safe. Industry also tends to
emphasize the need for imported naturel gas and its desirability as a
clean burning fuel. Thus, industry often feels frustrated when its projects
are delayed or blocked by other considerations imposed by governmental
regulations and local opposition. As illustrated by the papers in this sec-
tion, industry seems to prefer to focus its attention and expertise on the
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technical aspects of LEG siting.

The two papers in this section are by Yu. S. Oseredko and by Yu. L
Maksimov, and respectively deal with the construction of a natural gas
terminal and the economic problems of improving production and tran-
sportation of natural gas in the USSR.

C. GOVERNMENTAL REGULATORY AGENCIES

The level of governmental decision making is a key issue in the LEG
siting process. National interests may conflict with local interests, and it
may have to be resolved as to whether local or national authorities will
make the final decision. The degree of centralization of the LEG siting
decision network varies among the countries studied. In some countries,
hundreds of permits and approval are necessary to site a facility; in other
countries, the decision rests in one central agency. There are obvious
advantages and disadvantages to either case, and it is intriguing to ask
how satisfied are the authorities with their respective systems. The fol-
lowing four papers provide some insights to possible answers for these
questiomns.

The paper by Niall G. Campbell is concerned with the regulator’'s view
of terminal siting, while Randolph W. Deutsch's paper is concerned with
the regulatory framework and other factors involved in the decision mak-
ing process. William R. Ahern discusses the role that technical analyses
plays in terminal siting, specifically in the California case in the US.
Finally, Anthony C. Barrell is concerned with the future directions of sit-
ing decisions.






SOCIETAL INTEREST

L. Reijnders
Stichting Natuur en Milieu

1. INTRODUCTION

Following World War II in Western countries peaceful applications of
science and technology were held in high societal regard. 1In line with a
tradition that was argued for the first time in a comprehensive way by
F. Bacon,1 technical progress and societal progress were considered to be
intimately linked. Smoke from new factory stacks, jetliners and nuclear
energy plants were hailed as milestones on the road to a better world.
Self-regulation, without state-evaluation of benefits and risks, was by
and large considered the best way to steer scientific and technological
progress. Especially the end of the 1960s marked a change in attitude.

For a supstantial part of the population in rich western countries, smoke
and jetnoise became pollution and nuclear energy a threat.

This change of attitude brought many high-technology activities within
the scope of explicit societal decisionmaking.

LEG did not remain outside the scope of growing societal interest in
decisions about high technology. This is all the more understandable
because LEG highlights a disturbing paradoxical aspect of technological
change, since the time that our ancestors were hunter-gathers, id est, that
while because of "technclogical buffering” the impact of small environmental
fluctuations on health and life time expectancy tends to decrease,

catastrophability of major deviations from normal tends to increase.2
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2. THREE APPROACHES TO SOCIETAL DECISIONMAKING ABOUT LEG

Explicit societal decisionmaking in countries with advanced state
apparatuses, like industrialized Western countries, may, in principle,

follow a number of different approaches:

2.1. Pirstly, decisionmaking may be based on application of a coherent set
of rights. 1In case of LEG, such a set of rights may include the
right of producers, distributors, etc., to exploit one's property
without undue interference by others, and the right of those
potentially at risk to live without undue interference by others
(with the actual meaning of undue defined by parliamentary and

court decisions).

2,2. Secondly, decisionmaking may maximize aggregate utility. This approach,
of which the foundations were clearly articulated by J. Bentham, has
undergone sophisticated theoretical development.3 The use of
cost (risk)~benefit analyses to decide between alternative LEG
related options (like LEG transport by ship, gas transport by pipeline,
substitution of LEG by other fossil fuels like oil and coal or
renewable energy sources) may be considered an application of this

approach.

2.3. Thirdly, one may envisage a game theoretical approach.4 Here
decisions will be reached by "games" between interest groups ("parties")
involved, in which each party will try to maximize group utility. In
case of LEG-related decisions, parties that may take part in
decisionmaking are: different branches of government, commercial
interest groups pushing LEG and competing fossil fuels and feedstocks,

trade unions and environmentalists.

3. IMPORTANT PROBLEMS INVOLVED IN MAXIMIZING AGGREGATE SOCIETAL UTILITY

OF LEG

Protagonists of applied decision theory5 tend to prefer approaches
aimed at maximizing aggregate utility (cf. 2.2). In a similar vein,
governments as a rule tend to suggest that their policies are aimed at
maximizing societal utility ("welfare").

Actual practice is probably considerably at variance with an utility-
maximizing approach, and would seem by and large a mixture of the approaches
outlined in 2.1 and 2.3. Because, however, utility maximizing approaches

are theoretically attractive, it would seem worthwhile to point out some
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of the difficulties that may arise on application of such approaches,
difficulties that currently tend to be overlooked by cost-benefit analysts
and decision theorists.

Scheme 1 gives a semi-normative semi-descriptive decision theoretical
reconstruction of the genesis of utility as perceived by persons involved
in LEG related decisions.

If we view this scheme against the background of societal decisionmaking
it may be noted that perceived utilities of one activity will, as a rule,
vary widely. This variation may in part be traced to obvious differences
like divergences in interests. For instance, utility estimates relating
to a LPG-delivery facility for motorcars will presumably be very different
for drivers of LPG-motorcars, that drive by, than for a bicyclist-on-prin-
ciple, that owns a house at a distance of 25m from the facility. 1In part,
differences in perceived utility have less trivial sources.

For instance, there is considerable evidence that professional
technologists (and economists) have a very different perception of probability
as related to seriousness of high-technology than the public at large.
Whereas, professionals tend to equate seriousness with probability times
effect (cf. FAFR7), the public at large tends to neglect probability of
involuntary exposure to high technology accidents and tends to focus on
possible sizes of effects. Also there is some evidence that an increasing
number of branches in a fault tree may induce an increase in public perceived
probability of accidents,8 while presumably being neutral to professional
risk-analysts.

The wise variation in utility as individually perceived, does--as a
rule--not show up in current applications of utility maximizing approaches.
Cost-benefit calculations use a single (monetary) perception, whereas
available applied decision analytical procedures9 also use one "standard"
view of the matter.

A second problem that besets utility maximizing approaches in case
of LEG related decisions is that of the price of life. LEG-related
activities will, viewed at a societal level, take lives, and an important
problem is, how to account for this in utility maximizing procedures.

In cost(risk)-benefit analyses lives tend to be priced (e.g., using
life-time earnings or insurance claims settled by court decisions). This
way of looking at lives taken (by a third party) is incompatable with

an important tradition in western thought. According to this (peacetime)

tradition, life has a value but no price. Therefore, one may argue, a
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third party (like a LEG company) may not exchange (the risk of taking)
lives against such LEG-facilitated goods like more comfortable spaceheating
or cheaper fuels for automotive power, neither has the state of freedom

to legalize such an exchange (for instance, by giving out permits).
According to this tradition the only justification for taking lives by a
third party is that more lives can be saved than will be lost, and that all
("technically") possible precautions have been taken to reduce the expected
loss of life. The choice whether or not life has a price may be expected

to have far-reaching consequences for outcomes of utility maximizing
efforts, and therefore merits considerable attention of those involved

in risk-benefit evaluations.

A third problem that arises in utility maximizing is that of just
distribution. Just distributions tend to be hot societal potatoes, and
are, therefore, highly problematic aspects of societal utility maximizing.
Just distributions may be considered as either boundary conditions for
utility maximizing or as one of the components that contribute to aggregate
utility. Those evaluating risky activities should, in principle, make
a choice from the bewildering variety of distributions, that are defended
as just.

They should, for instance, decide whether one should opt for the
unicorn-like Pareto~optimal distribution, egalitarian distributions or
the Rawls' criterion,10 that allows for inegalitarian utility distributions
in case the utility of the person relatively worst-off is still (absolutely
speaking) higher than in case of an egalitarian distribution. It should
also be decided whether risk benefit ratio's should be similar for all

those involved or are allowed to be different.

4. THE ROLE OF TECHNICAL AND ECONOMIC ANALYSES

As may be inferred from the foregoing, technical and economic analyses
are only a small part of the story of (semi-)normative approaches to
societal decisionmaking.

Their importance is easily overwhelmed by other factors in the
decisionmaking process. Sophisticated cost~benefit calculations are
easily blown away on experiencing a low probability disaster or in contro-
versies about the pricability of life and matters pertinent to just
distribution. Elaborate Monte Carlo simulations leading to probability
estimates fade away if in a democratic process citizens tend to concentrate

on effects and neglect probabilities.
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Though proponents of technical and economic analyses should therefore
probably be satisfied with a modest estimate of their societal importance,
it seems appropriate to state, that such analyses may play a significant
role in elucidating for society the options open, and the consequences
thereof.

A number of factors, however, seem to hinder adequate fulfillment of
proper "educative roles". These factors seem to relate in part to
insufficient appreciation of structural differences between the perceptions
of risk-related problems by, on the one hand technical and economic
experts, and on the other hand, the public at large.

Poor quality of much on-going technical and economic analytical work
also contributes to educative shortcomings.

Perceptions of risks of high technology by a major part of the public
and experts seem to diverge in a number of aspects. Whereas experts tend
to concentrate on narrow and clearly defined issues, a major part of the
public tends to focus on broader and vaguer matters. Whereas experts
tend--as pointed out before--to equate risk with probability times effect,
public perception often focusses on potential catastrophability. Also
experts often neglect that expert-perceived controllability can easily
and significantly exceed controllability as perceived by ordinary citizens,
and that therefore the public focusses on potential costs. In the heat
of recent acrimonious debates about high nuclear and recombinant DNA
technology several experts have denounced the public point of view as
"irrational™. However, though perceptions of a major part of the public
are different from average-expert perceptions, there seems to be no
convincing argument to describe the public point of view outlined above as
irrational, contrasting rational expert-outlook. A second factor that
hinders proper education by economic and technical analyses is the amount
of shoddy science and reasoning that pervades much on-going analytic work.

Analyses are often bent to fit preconceived conclusions of interest
groups, and it is well-known "in the trade" that some risk-~-analysis
institutes tend to consistently provide Valium-type reports, whereas
Doomsday reports may be obtained by commissioning the same study elsewhere.
Uncertainty is as a rule grossly underemphasized in the presentation of
conclusions of technical and economic analyses, and a fog of technical
details tends to obscure dubious assumptions. So far this disturbing
situation has not attracted much public attention, but if the poor state of
risk and cost-benefit work becomes generalized knowledge, the independent

value of technical and economic analyses may erode to vanishing importance.
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5. THE ROLE OF PUBLIC INTEREST GROUPS

The role that should be played by public interest groups depends on
the normative approach to societal decisionmaking selected from the
possibilities outlined under section 2.

Within the framework of a game theoretical approach (cf. 2.3) public
interest groups should play a well defined and active role and should
directly participate in decisionmaking. Within the frameworks outlined
in subsections 2.1 and 2.2, their role should be more indirect and diffuse.
The style of democracy favored is also important in determining a proper
place for public interest groups. Clearly countries that favor fair and
open debates about the pros and cons of governmental decisions will be more
favorably disposed towards an important public role for public interest
groups than countries governed in a paternalistic way. In non-paternalistic
enlightened societies one might expect that public interest groups will get
a fair chance to articulate their position vZ6 @ V18 the massive argumentation,
that governments and industry are able to buy. At the current level of
sophistication, this would require guarantees for a certain amount of
scientific and technical support for public interest groups.

As yet such support is scant. This in turn contributes to pressure
on public interest groups to focus on a limited number of top priorities,
like nuclear energy.

Scientific and technical support for public interest groups may be
organized in a variety of ways. Here I like to point out two promising
possibilities of support that deal with on-going or intended developments
in applied technology.

Firstly, one may establish a conditional right to ask for counter—expertise.
According to this "right" in starting major new developments, interested
parties should put aside means to have the proposal evaluated by experts
chosen by relevant public interests groups, who then should especially
concentrate on those issues that are important for the groups involved.
Secondly, one might establish "science sﬁops",‘affiliated with universities
or research institutes where grassroots public interest groups can obtain
expert advice at low or nihtl cost. Such science shops operate with moderate
success in the Netherlands.

It may be noted, that these forms of support evade the long-term problem
of developing alternative "public" technologies that may counterbalance
industrial and government sponsored developments.

The most efficient way to stimulate the development of potential "public”
technclogies would seem to provide considerable support for non-conventional

technology oriented research in (technical) universities,



142

REFERENCE NOTES

1.  Bill, €. 1972. Intellectual Origins of the English Revolution.
London: Panther Books.

2. cf.
Sahlins, M. 1972. Stone Age Econmomics. Chicago: Aldine-Athertsn.

Burton, I., R.W. Kates, G.F. White. 1978. The Environment as Hazard.
Oxford: Oxford University Press.

3. cf.
Smith, N.M., Jr. 19%6. "“A Calculus for Ethics," Behavioral Science,

1, III-180.
Fishburn, P. 1964. Dectgion and Value Theory. New York: Wiley.

Fishburn, P. 1970. Utility Theory for Decision Making. New York:
Wiley.

Keeney, R.L., H. Raiffa. 1976. Decision Theory with Multiple
Conflicting Objectives. New York: Wiley

4. cf.
Rapoport, A. 1973, N-Persorn Game Theory, Concepts and Applications.
Ann Arbor: University of Michigan Press.

Olson, M. 1965. The Logic of Collection Action., Cambridge, Mass:
Harvard University Press.

Buchanan, J.M., G. Tullock. undated. The Calculus of Consent,
Ann Arbor: University of Michigan Press.

5. cf.
Keeney, R.L. 1975 "Energy Policy and Value Trade-Off," IIASA
Research Memorandum, Laxenburg, Austria, December.

de Neufville, R., R.L. Keeney. 1972. Use of Deciecion Analysis in
Air Port Development for Mexico City, in Analysts of Public Systems
Cambridge, Mass: M.I.T. Press.

Baecker, C.B., J.G. Groof, K. McKusker. 1977, IIASA Research Report,
Laxenburg, Austria, September,

6. Vlek, C.A.J., P.J.M. Stallen. 1979, Persoonlijke beoordeling van
risico’'s. Groningen: Instituut voor Experimentele Psychologie, R.U.
Greningen.

7. cf.

Kletz, T.A. 1976. "The Application of Hazard Analysis to Risk to the
Public at Large," Paper for the World Congress of Chemical Engineering,
Amsterdam.



10.

143

Gibson, S.B. 1976. Chem. Eng. Progress, 59, February.

la Fors, F.P.G.M., R.A.J. Badoux, P.R. Defize, 1979. "Een
statistische beschrijving van risico's, waaraan de Nederlander
blootstaat.” 1Instituut INO voor Wiskunde, Informatieverwerking en
statistiek, April.

Fischhoff, B,, P. Slovic, S. Lichtenstein. 1978. Jowrnal of
Expertmental Psychology, Human Perception and Performance, 4:342-355.

Refer to Reference Notes 5.

Rawls, J. 1973. A Theory of Justice. Oxford: Oxford University Press.



144

DISCUSSION COMMENTS

DALL: I will focus on the major points in Dr. Reijnders’ paper and then
draw a few tentative conclusions. ] think it is clear that there are
immense difficulties in generalizing across nations, as well as in extrapo-
lating elite attitudes and behavior to public attitudes and behavior.

For instance, Dr. Reijnders notes that technical progress and societal pro-
gress, which once were seen as being intimately linked, have in the past
twenty years become perceived as being discontinucus and the source of
significant problems for the environment. 1 do not know about Europe,
but in North America there has been a countervailing tradition to unres-
trained technological "progress” for the last 150 years. It began with the
naturalist-philosopher Henry Thoreau at Boston in the 1830's and found
its organized expression at the turn of the century in the Appalachian
Hiking Club and the Sierra Club. The first significant discontinuity in the
march of progress occurred when the Sierra Club in the late 1890's chal-
lenged the City of San Francisco’'s Hetch Hetchy dam and water project in
Yosemite National Park. The Sierra Club finally lost, but its public cam-
paign, which was carried to the President, added significantly to making
the naturalists’ countervailing world view politically legitimate. Such a
political and philosophical tradition appears not to exist in many other
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countries; it helps to explain the deliberation with which many Californi-
ans review ''progress.”

Dr. Reijnders observes in his paper that "the state has only recently
begun to evaluate risks.” Risk analysis as a component of public decision
making has perhaps assumed a greater role in recent years, but impli-
citly, at least, public inspectors and insurance companies have for years
taken the risk of industrial facilities into rough account. In the US, the
former Federal Power Commission since World War I has granted more
than 40 certificates for liquefied gas facilities, many peak shaving plants.
What is new, as Dr. Reijnders suggests, is the immensely heightened
awareness of formal risk analysis on the part of decision-makers, indus-
try. and interested parties.

Decision-makers and the processes in which they participate incorporate
values in diverse ways. In the US, environmentalists and public citizens
have often expressed their positions with respect to industrial facilities in
terms of the traditional Anglo-Saxon value system of "rights.” In relation
to natural systems, a considerable advance was made when a noted jurist
found that trees have legal standing in the United States. Thus, people
and nature have rights, above all to life, that a LNG facility, {or instance
should consider and protect. From that narrower perception of "rights”
has evolved a much broader claim, e.g., that Americans have a "right" to
relatively inexpensive energy. In such a calculus, transoceanic LNG has
difficulties fitting into the energy mix.

The application of a doctrine of "rights” in North America raises some
difficult issues. The Chumash Indians historically occupied the California
coast around Point Conception. For them, as well as many others, the
jutting headland there has been reported as the gate to heaven. Should
white men despoil the Chumash's sacred site with a mere LNG terminal,
or protect their "rights”"? State and federal decision makers extensively
considered the Chumash's rights and then overruled them. Should the
Chumash nation ever return as a political power, the Vatican may not be
safe. ‘

Dr. Reijnders notes the existence of competing interests within the
energy industry. That helps to explain the multi-dimensionality of US
energy policy: in our economically expanding pluralistic system, every
significant energy player in the past received a piece of the pie.
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In the discussion of the history of risk, in which risk becomes Dr.
Thompson's aesthetic experience, we might want to add the very impor-
tant local dimension of perceived risk. In the United States, in places like
Staten Island, Oxnard, and Santa Barbara, the local perception of risk has
been informed by proximate, tangible, and easily understood events that
became etched into a deterministic appreciation of risk. Past events in
the all-too-human hazardous industries suggest "it can happen here” and
the puritanicel strain in us recornmends prudence.

Dr. Reijnders in passing mentions the major role played by the media in
the public perception—and, therefore, in representative democracies, pol-
itical reality--of risk. An Amoco Cadiz on the rocks, a Sansenina at the
bottom of the harbor, an El Paso Paul Kayser limping into pert, a Three-
Mile Island, a Cove Point explosion—they are all telegenically vivid educe-
tors of how the public and the political elites perceive the risk of indus-
trial development. In these matters, the perceived is the real, conflicting
expert evidentiary hearings notwithstanding.

In this conference, we have predominantly conceived of "risk” in terms of
the immediate safety of the facility, surrounding land uses, humans, etc.
In the case of LNG importing countries such as the US, and perhaps oth-
ersA. the project-life economic risk {in terms of capital foregone, end use
rate costs, etc.), may be equally significant. What administration or
regime can long concur in an LNG-contract price spiral as the one pro-
posed by Algeria?

Dr. Reijnders suggests that technical and economic analyses, however
well performed, may easily be overwhelmed by other factors in the
decision-making process. The California experience (and, I presume, oth-
ers’) tends to bear him out. Supervening actors, with their own motives
comprised of political fear and cpportunity, overrode the existing Califor-
nia decision-meking process to "expedite” the project approval. One
example involves the California legislature; the other, the US Air Force.
Neither one would have been considered in a risk analysis from an
environmental point of view prior to their occurrence.

My final point regards counterexpertise. Dr. Reijnders would hope that we
throw our experts into the battle with the applicants’. It may be useful to
others to know that in the United States there is a federal statute, the
Public Utilities Regulatory Policy Act, which provides for public inter-
venor funding, provided the intervenor makes a substantial contribution
to the case. The California Public Utilities Commission, to its credit, has
applied that law recently to reimburse a consumer group for its actual
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costs for experts and attorneys in preparing and presenting its case. ]
hope that encourages Dr. Reijnders’ “science shops” to continue to parti-
cipate in the decision-making process, for the issues raised by hazardous
industrial development-LNG, nuclear, biotechnelogy, toxic waste--are too
important to be left to the applicants' experts and the governmental
regulators alone.

SINCLAIR: As Dr. Salz remarked, we tend to get into this US versus the-
rest-of-the-world in practically everything we say. 1 hope in the remain-
ing discussion we can aveoid this. I am also interested in the rebirth of
Jeremy Bentham at this workshop. He, in some ways, was responsible for
the idea of cost-benefit analysis. One of the major fallacies of cost-benefit
analysis, which one often sees in print and hears on peoples lips, is that it
implies the maximum good for the maximum number, that it maximizes
benefits while minimizing costs. Anyone who has done a minimum of
mathematics knows that it is almost always impossible to maximize two
factors at the same time, or maximize one and minimize the other. You
can maximize or minimize, but you cannot do both. Much of the discus-
sion on cost-benefit analysis was based on this fundamental ignorance of
some basic mathematical facts.

KEENEY: An implication that follows from your statement "That trees
bhave legal standing,” is that you cannot then have an absolute position for
the value of humman life. You cannot slaughter millions of trees to save
one life, and that per se implies that there has to be value tradeoffs some-
where. Obviously, I believe that there must be value tradeofls.

SHAREFKIN: What | have missed in this discussion is a serious considera-
tion of what would be a good way to design an institution for making deci-
sions. 1found one or two attitudes in the discussion here. One is to learn
to cope with a hopeless mess; the other is to muddle through. We did not
bhave regulatory agencies 10 years or even 100 years ago, and we probably
will not have them in 50 years. At many places in human history people
bave displayed some ingenuity in devising diflerent solutions to different
problems of this kind.

We create rights when we want to give people the right to something that
might happen. In effect we have done this in facility sitings in many ways.
I would like to see where this is justified. To me a right is something that
cannot be violated, or overridden. by majority rule. But experience and
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formal analysis of collective choice procedures show that the creation of
rights and the attribution of rights create a heavy bias towards the status
quo. If you insist on unanimity, and you dish out rights liberally, what you
are going to have is what you have now.

I think we can set up a set of decision processes in the United States
where you do not trade across issues. Once you force a decision on an
issue, where you have two sides, then either you have a stalemate or
something else. What ] would like to see explored are two questions: What
would be a sensible set of criteria for giving a local community or some
individuals the right to stop a project? And second, what are the possibili-
ties for cooperative solutions or compromises where nobody would teel
that he is being ignored?

REIJNDERS: ] want to make three points. One is a matter of historical
interest. Referring again to the divergence of the United States and
Europe. In Europe, the standing of technology has had its ups and downs;
technology and people have always been uneasy bedfellows. Environmen-
tal concerns have not been high on the agenda in normative discussion in
Europe. The second point, which I always find uneasy, concerns the fact
that decision analysis requires tradeofls. But there is a group of people
who are saying that the right of life, or even the right of privacy, should
be sacred. These, as a rule, cannot be traded off for anything. These
rights are viewed as nearly absolute rights, that may only be infringed on
in highly exceptional circumstances.

The last point concerns what Dr. Sharefkin has raised. I do not think that
rights only freeze the status quo. I think they may work for change, but
they are necessarily only preconditions for change. 1 agree that in prac-
tice there is often a strong tendency for rights to gravitate to the status
quo, but this depends on the actual system of rights you have in a society.

SHAREFKIN: We are talking about rights the way some people talk about
tacts. I do not think there are any agreed upon rights, rather rights are
just broad principles. We are always dealing with abstract objects. My
idea of a right of privacy or a right of life is different than your idea of
these rights.
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REIINDERS: You can see that in practice there are different cultures with
different rights.

DEUTSCH: Although you can say there are certain sacred rights in
society, nobody dealing with problems of the sort found in the siting pro-
cess could possibly behave in a manner consistent with the idea that
there are divine rights inherent in one group that cannot be the subject
of tradeofls.






A LOCAL VIEW OF TERMINAL SITING

P.D. Mehta
Aberdour/Dalgety Bay Joint Action Group

The increasing scale and complexity of our technologies, while often
bringing considerable material benefits, are creating new scales of
potential disasters. Nowhere is this more true than in the LEG field.
Nowhere else is the social impact of an innovatory industry so great and
yet so little understood. As multi-national oil companies are poised for
a massive increase in the production and use of LEG, few governments are
equipped to deal with sensible siting and control of LEG facilities. The
Mossmorran/Braefoot Bay development in Scotland is a good case study and
is explained briefly in this Paper. The Paper is essentially a represen-
tation of the problem as perceived by a local community which is fearful
for its safety and explains the attempts which it has made to protect
itself in the face of ruthless commercial adventurism and official
complacency.

The Paper is in two parts., Part I gives a brief account of Shell/Esso's
proposals for LEG facilities in Scotland and the Action Group's campaign
against them, Part II consicders some general issues highlighted by the

campaign.

PART I

THE BACKGROUND

The Shell/Esso proposals for Fife, Scotland, form part of the development
of the Neorth Sea oil and gas resources, particularly the Brent field which
lies about 115 miles Northeast of Shetland Islands. Brent was discovered

in 1971 and, apart from being very rich in oil, was found to have an
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abnormally high content of natural gas. By 1973, Shell had decided on a
pipeline landing point for the gas at St. Fergus, North of Aberdeen, where
gas separation facilities were already under construction for the removal
of Methane (see Map 1).

However, it was not until 1975 that a planning application was made for
an NGL fractionation plant and terminal at a site near Peterhead. 1In
September 1975, the UK Health and Safety Executive (HSE), in a rare
expression of prudent safeguarding policy, laid down a siting criterion--that
an NGL plant should be sited at least 1 mile from residential areas and
1/2 mile from another plant, That effectively sterilised two thirds of
Shell's chosen site and forced them to look for alternatives,

In February 1976 Shell applied for planning permission on a second site
at Peterhead with terminal facilities in Peterhead harbour., 1In support of
that application they argued that the NGL plant should be as close as
possible to the St. Fergus gas separation plant and that Peterhead harbour
was, for a variety of reasons, an ideal safe port, well able to cope with
the LNG traffic even when the harbour is developed to its full potential,
But the local fishermen were not convinced. Local opposition led to a
public inquiry which opened in May 1976, Part of the way into the inquiry
Shell was forced to withdraw their plans when their Dutch computer told
them that conditions occasionally occurred in the North Sea which made
Peterhead harbour unsafe to handle ships with hazardous cargo--a secret
hitherto known only to the local fishermen and sailors for centuries.

A new site search was hurriedly undertaken and within two months of
withdrawing from Peterhead, Shell/Esso had found new sites at
Mossmorran/Braefoot Bay in Fife, 135 miles south of the St. Fergus plant.
Formal planning applications followed in early 1977, Lured by prospects
of downstream industries and a job bonanza, the plans were enthusiastically
welcomed by the local authorities and peoliticans. They were also welcomed
in the town of Cowdenbeath, near Mossmorran, which suffers considerably
from high unemployment. But they were bitterly attacked by informed
residents 1n Aberdour and Dalgety Bay, two villages about 1/2 mile on
either side of the Braefoot Bay terminal site with a combined population
of about 7,000,

As indicated on Map 2, there are approximately 30,000 people living
within about 1 mile of the Mossmorran/Braefoot Bay sites. The capital City
of Edinburgh is approximately 4 miles from the shipping lane which will be
used by LEG tankers. Within 4 miles (6 km) of the operations, there is

an existing population of over 100,000,
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THE PROPOSALS

The NGL will be piped under pressure 135 miles from St. Fergus to
Mossmorran. At Mossmorran there will be a fractionation plant with a
capacity of 2.1 million tons per annum, an ethane cracker of 500,000 tons
capacity, and storage facilities for 150,000 tons of propane, butane and
natural gasolene., At Braefoot Bay there will be facilities for refrigeration
and storage of ethylene (storage capacity: 15,000 tons) and two jetties for
export of ethylene, propane, butane and gasolene, Annual LEG ship movements
are estimated at 250, The facilities between Mossmorran and Braefoot Bay
will be connected by refrigerated pipelines for propane and butane and
ordinary lines for ethylene and gasolene. The pipelines will run underground

for a distance of about 4 miles and cross two busy roads and a railway line.

THE OBJECTIONS

It would be true to say that the initial motivation of most (although by
no means all) of the objectors was a concern for the environment and
amenities surrounding Aberdour and Dalgety Bay. However, as the implications
of the proposed developments gradually began to be better understood,
safety questions began to loom larger and by the time of the public inquiry
in June 1977, safety was by far the predominant issue., After the ingquiry
the safety debate continued even more fiercely, to the exclusion of all
others. Concern about property values has never been a motivating factor
since we do not believe that property values will be significantly affected.

As time went on we also became increasingly alarmed at the way that
safety guestions were being fudged or suppressed, and by the performance
of the official regulating authorities as well as by the enormous commercial
and political pressures that were at work to push the project through without

an open or adequate debate,

THE PUBLIC INQUIRY

It is not possible to review here the technical evidence on hazards that
was before the inquiry but suffice it to say that the analyses produced by
the oil companies and by consultants employed by the local authorities (who
were deeply committed to the project) were superficial and reflected the
interests of those parties. Those analyses have been the subject of strong
public criticism by Prof. J, Fay of M,I.T., who has stated that the
analyses would not even get through the front door of an authority in the

US. Amongst other things, the reports failed to identify the main hazard
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to the local communities, namely an Open Flammable Cloud Explosion (OFCE)
and the possibility of radio break sparks from a nearby transmitter
causing explosions at the Braefoot terminal., Hazards from LEG shipping--the
most likely area for accidents--were barely mentioned. The input by the
Health and Safety Executive (the official agency responsible for safeguarding
public health and safety) was even more superficial and useless. Their
evidence to the inquiry is reproduced in Appendix ! without further comment.
Although the objectors had very little time within which to prepare
their evidence for the inquiry, they were very fortunate in obtaining the
services of Professor D.J. Rasbash and Dr. D. Drysdale of the Fire Engineering
Department of the University of Edinburgh, These independent expert
witnesses highlighted the hazards of OFCE to Aberdour and Dalgety Bay,
estimated the probabilities and also put forward a fully reasoned case why
the risk of death to the surrounding community must have a probability
of occurring of less than once in a million years. On the evidence available,
they concluded that the risk would be significantly greater and recommended
that the terminal be moved to a more remote site.
That standard of safety (! in 1 million) was not challenged by any of
the parties at the inquiry and specifically acknowledged by the Health and
Safety Executive and the Inquiry Reporter as being a reasonable norm. HSE
has subsegqguently found it inconvenient to be tied to any such numerical
factor in judging the risk of an oberation and prefer a "flexible" approach.
However, the Reporter, in recommending approval of the development, as he
did, clearly assumed that the plant can be designed and operated to that
safety standard., The Minister, in granting approval to the development, has
failed to confirm any such standard of safety. The Reporter's recommendation
was also based on a number of other assumptions which subsequent evidence
has shown to be incorrect or inconsistent but the Minister refused even

to consider these matters when making his final decision,

POST INQUIRY INFORMATION

In the period between the public inguiry (July 1977) and the Minister's
approval of the planning permission (August 1979), the Group was able to
acquire much more information and evidence about the hazards of LEG and
submitted the same to the Minister and to the HSE. With one relatively
minor exception, all this information has been completely ignored by the
Government, As far as they were concerned, the guestion of safety was

covered at the inquiry in 1977 and the debate was closed.
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I will not elaborate upon the additional information as you will all be

familiar with it, but will simply mention the major items:

1. G.A.0. Report 1978 (1)

2. O.T.A. Report 1977 (2)

3. 1977 California State legislation and the preceding sub-committee
Report (3)

4. Canvey Island Report 1978 (4)

5. Groningen Risk Assessment Study for Eemshaven (5)

6. Shipping Bazards Report for Braefoot Bay by the Action Group, as

to which see further information below

7. Unconfined Vapour Cloud Explosicns by Dr. K. Gugan (6)

8. A catalogue of the continuing disasters in the oil/gas industries,
particularly involving shipping and including Qatar, Abgaiq,
Abu Dhabi, etc.

9. In September 1978, Prof. Rasbash warned the Government that
further research made him very concerned about the harrowing
possibilities of fire and explosion that could occur if water
gets inside an LPG tank following a relatively minor shipping
incident, His research indicated that the 1975 IMCO Standard
for constfuction of LPG tankers (7) actually visualises the
puncturing of tanks and their becoming filled with water as a

design feature for the stability of the ship.

GROUP'S SHIPPING HAZARDS REPORT *

The Group had been pressing for some time for a quantitative risk
assessment on the plant and particularly on the marine hazards which had
received less than cursory treatment, Since there seemed to be no intention
on the part of the companies or the authorities to do anything other than
a superficial and meaningless assessment of the risks, scientists within
the Greup carried out their own gquantitative evaluation cf the consequences
of a majcr spill of LPG or ethylene arising from a snipping accident at the
Braefcot terminal. The evaluation used the methods developed by the Safety
and Reliability Directorate {SRD) of the UK Atomic Energy Commission and
applied in the Canvey Island Report (4), making due allowances for differences
in wind/weather conditions, traffic, topography, etc.

The report was ready in January 1979 and was submitted for verification
to incdependent consultants, Dr., J.,H. Burgoyne & Partners, London. The
consultants advised that although there were some areas in which they had

reservations, in general the assessment had used the methods and data of

* A more detailed summary of the Report is given in Supplementary Paper No. 1.
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the Canvey Report in an appropriate way. They also agreed that even after
making the appropriate adjustments, to take account of their reservations,
the preliminary estimates of the probability of a serious accident causing
multiple deaths at Aberdour and Dalgety Bay were significantly greater
than published official opinions on what constitutes an acceptable risk,
and justified more detailed studies before irrevocable moves are made in
relation to the terminal develcopment,

The Group's Report, as verified by Burgoynes, shows that the risk of
each individual in Aberdour/Dalgety Bay being killed as a result of a
shipping accident at the terminal is of the order of 1 in 1,000 per year.
The chances of a serious accident causing multiple injuries in the Forth
are as high as 1 in 300 per year, That compares with the finding of the
Ingquiry Reporter that no individual outside the plant should be exposed to
a risk of injury (not death) greater than 1 in 1 million per year. The
Report also examined and found significant risks to other communities on
both sides of the Forth, including Edinburgh. It is important to remember
that the Report only assessed the risks of a shipping accident at the
terminal jetty; other accidents such as at the shore installations or a
collision or grounding along the shipping lane, will make the risks even
higher.

The Report was sent for critical comment to the Minister, HSE, Shell
and SRD, but none has so far made any comments, SRD were at one stage
prepared to review the Report at a fee which the Group was prepared to pay,
but SRD's offer was subsequently withdrawn because of constraints imposed
upon them by HSE.

The Report was also sent to Mr. V,C. Marshall (a member of the
Advisory Committee on Major Hazards), Director of Safety Services at
Bradford University, who also confirmed that it uses in a correct manner
the methodology of the Canvey Report in reaching its conclusions. He
appealed to the HSE in the interest of open government to publish the
information upon which their own judgement was based if they wished to

rebut the Report's conclusions.

RADIO FREQUENCY IGNITIONS

Break sparks from radio waves or electromagnetic radiation can create
a hazard of ignition or explosion near gas installations in the event of
gas leaks (8). This hazard was completely overlooked by Shell/Esso, HSE
and the local authority consultants despite the fact that one of the

main sources of radiation is a radio transmitter which is only a few meters
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from the terminal site at Braefoot and the pipelines leading to it.* The
hazard was first brought to light by scientists within the Group after the
public inquiry.

Although coming after the inquiry, the Minister acknowledged this to
be relevant new evidence and called for further representations on the
subject to be sent to him by all parties, It should be remembered that the
Government was at that very time severely embarrassed by a similar situation
which has arisen at Crimmond where a multi-million pound NATO base could
not be fully utilised because of a similar ignition hazard to nearby gas
facilities at St. Fergus. This relatively minor and somewhat esoteric
hazard thus became the one and only question raised since the public inquiry
that the Minister was prepared to listen to. All the other items of
additional information mentioned earlier were ignored by him.

The HSE made three different attempts over a period of about a year
to try and explain away this hazard. Each of their three reports was
severely criticised by the Group's advisers and shown to be so full of
errors, omissions and discrepancies as to be quite unreliable as a basis
for any safety judgement. The HSE eventually shelved the problem to be
looked at again--after the plant has been built, There seems little doubt
that if the full extent of the military radio and radar transmissions in
the Forth are admitted, they will exceed the minimum safe levels., This
subject is too technical to cover in a brief paper such as this but the
problem has been fully documented and the papers can be made available to

anyone interested.

THE PLANNING APPROVAL

In August 1979, the Government granted planning permission for the
Fife project subject to a number of fairly innocuous conditions. The
most important of the conditions are meant to be that:
(1) A full independent hazard and operability audit in relation to
the design and construction of the NGL feedline within the site,
NGL plant, product pipelines and terminal facilities shall be
carried out to the satisfaction of the Secretary of State prior
to the commissioning of the plant, and
(2) Operation of the Mossmorran and Braefoot Bay facilities shall not
be commenced until such time as any measures considered necessary
by the Secretary of State have been carried out to deal with any

possible effects of radio transmissions,

*It is now conventional wisdom that that particular transmitter must be
removed from its present location.
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It should be noted that there is no definition of what the audit is,
what form it will take, who will carry it out to ensure its independence
and, above all, what standards are to be satisfied. Moreover, shipping--the
most likely source of a disastrous accident--is not covered. The second
condition pre-~empts the whole guestion of what electro-magnetic field
strengths and levels of power induced in site structures might be, and
whether effective steps can be taken to prevent dangerous levels. It also
presupposes that naval traffic in the Forth can be compelled not to use
certain frequencies of transmissions for fear of creating dangerous break
sparks.

At any rate the whole concept of a safety audit that is not carried
out until after the plant is built at a cost of several hundred million
pounds of both public and private capital is absurd, Moreover, the planning
conditions are so vague that it is extremely doubtful if they can in law

be enforced in the event of any disagreement.

PART 1I

THE GREAT UNCERTAINTIES

There must be few areas of applied sciences where there are so many
unknown aspects and where even the experts disagree on so many of the most
fundamental questions. Indeed the only area of scientific agreement
appears to be on the lack of research and reliable experimental data.

No one for example knows for certain how LEG clouds will behave in a

large spill; how far they will travel within the flammability range or
indeed what that range is; in what circumstances they will form a fireball
or detonate; what the resulting blast effects or burn zones will be;
whether even the most modern tank designs can withstand the massive
internal pressures caused by little understood phenomena such as roll-over
or ice-blocked valves; to what extent can knowledge gained from small-scale
laboratory experiments be extrapolated with any confidence to the massive
scale of applications in practice,

By way of illustration of the above the following additional points
might be made:

(1) The maximum extent of the flammable ING plume following

instantaneous spill of 25,000 cubic meters of LNG on water has
been estimated by various authorities as ranging between

0.75 miles and 50.3 miles (9)



(2)

(3)

(4)

(5)
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Shell is currently undertaking trials in the UK on the release
and ignition of LNG and LPG up to 20 tons. Shell Research has
said, "The research programme has reached a stage where instrumented
tests of a medium scale, equivalent to a medium sized road tanker
load, are needed to validate details of mathematical models."

One wonders when they will be able to determine what a 1,000

ton spill on water, particularly of ethylene, is likely to do.

It was not until Flixborough (1974) that process designers and
plant operators became fully aware of what an unconfined vapour
cloud explosion was. Such explosions have in recent years become
the predominant cause of the largest losses which have occurred

in the chemical and petrochemical industry (10).

The Advisory Committee on Major Hazards in their first Report (11)
were prompted to write following Flixborough, "We are unhappy
about the lack of knowledge in some areas. We know there is an
absence of basic data on the behavior of massive releases of

toxic and flammable gases." Recent pronouncements from the HSE
would seem to suggest that they now know all there is to know
about the hazards--see, e.g., Appendix 1.

It was not so long ago that we had guoted to us Shell's plant at
Qatar as a fine example of a well designed modern plant incorporating
all the fail-safe devices known to technology, and which Shell had
Jjust completed building. Indeed it was understood that Qatar was
to be a prototype for Fife. And yet Shell must have known at the
time that the storage tank or tanks at Qatar had been causing
problems shortly after the plant was commissioned in 1975. 1In
April 1977, shortly before the public inquiry opened in Fife,

the plant in Qatar was virtually destroyed, killing all on site.
While there has been no public explanation of the causes of that
disaster, Shell has stated that they have now changed the tank
design so that the same thing can never happen again. One must
assume that the latest tank design is also largely experimental
and that there is no real experience of the capacity of a second
concrete wall and bund to withstand the pressures of a catastrophic
failure of the storage tank or an explosion following a minor

gas leak.

Perhaps the greatest uncertainty of all is provided by the virtual

certainty of human failures somewrere along the line in the
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conception, design, construction or operation of advanced
technical projects, particularly those such as LEG which are

at the forefront of technological innovation, Quite frequently
the prime cause of disasters is not inadequate technical knowledge
or skill but elementary human error or negligence by otherwise

responsible experts and operatives (12).

All these grave uncertainties are not a sufficient reason for an
absolute ban on the use of these hazardous substances. But they are a
very good reason for remote siting of bulk storage and transport facili-
ties--which is the conclusion reached by most independent studies such as
those carried out by G.A.0., O0.T.A., The Rand Corporation, and the California
State Assembly. In imposing strict siting legislation in 1977, the
California legislators said, "LNG safety is at such a primitive level that
risk assessment studies can at best produce crude estimates little better
than a wild guess. Until we know much more about the hazards of large-scale
LNG operations, such facilities must be sited away from population centers

in order to minimize public risk.

PROBLEMS QF MONITORING

It is a paradox that the difficulties of monitoring technology are
greatest precisely where the needs are greatest, i.e., in the highly
innovatory large-scale projects such as LEG facilities and particularly
at the design stage. The difficulties are intensified by the fact that
the requisite technical competence is often monopolised by a few individuals
and institutions who are already committed to an advancement of those
technologies. However, independent assessors are not always impossible
to find as I think our own input into the LEG safety debate in Scotland
has demonstrated. But then they generally lack political power or voice
and can all too easily be ignored in the face of enormous commercial and
political pressures in support of new developments.

By far the most serious defect in the social control of advanced
technology is the weakness of the regulatory authorities, To be effective
a regulatory authority must have adequate resources, expertise, professional
competence, teeth, and above all, independence. Our experience in the UK
has clearly shown that the regulatory authorities are gravely deficient in
all these attributes. They are in no position to challenge the ruthlessness

of the great corporations and are reduced to making cosy compromises with
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industry in the firm belief that industry knows best what it is doing. As
the Council for Science and Society has explained in their admirable
publication "Superstar Technologies," a monitoring agency that lacks power
will soon lose its independence and then become subservient to those it

is supposed to be regulating (12).

In the aftermath of the Flixborough disaster the Advisory Committee
on Major Hazards stated, "with the kind of operations that these plants
deal with we cannot afford to have a situation where industry operates on
a basis of trial and error. We are equally conscious of the fact that
while developments in manufacturing technology have raced ahead, the methods
of ensuring safe operation, indeed the appropriate legal mechanisms for
enforcement of safe standards may not have kept pace." 1In reality, the
situation in the UK today is no better than it was before 1974 despite

the great bureaucratic edifices that have evolved following Flixborough.

QUANTITATIVE ASSESSMENT OF RISKS

As with most other major questions concerning LEG, there is considerable
controversy about quantitative risk assessment studies for LEG facilities,
particularly in the US. The G.A.0. Report concluded that risk assessment
studies have not reached a stage where they give confidence in their
conclusions. In Holland, they seem to have encountered no insurmountable
difficulties in using quantitative criteria, be it in the assessment of the
height of dikes (13), or the safe-siting of an LEG terminal (5).

In the UK, SRD have carried out a detailed guantitative evaluation
of the risks from petrochemical installations in Canvey Island using
techniques which they have developed over a number of years in both
nuclear and non-nuclear fields (4). The investigation was described by
HSE as unique and as an example to companies of how such hazard evaluations
ought to be carried out. They agreed with SRD that "the gquantitative
approach was the most meaningful way of comparing different risks,... To
express risks in numerical terms provides one with a common denominator,

a method of putting various risks in perspective and comparing them with
each other."” (As with other pronouncements, HSE appears since then to
have changed their tune on this guestion,)

There are, of course, well recognised weaknesses inherent in a quanti-
tative assessment, particularly where historical data are lacking. But

even allowing for these weaknesses, a quantitative assessment is far more
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meaningful than a subjective and qualitative description of a risk as
being "very remote” or "not high"--or to say, as Cremer and Warner did,
that an accident involving a loading arm at the jetty was "the least
improbable" of events,

I submit therefore that quantitative estimates of risks are essential
to any safety debate. A judicious use of such an approach, however approxi-
mate and tentative, is a logical and useful tool which at least indicates
whether you are in the right magnitude band or league for acceptability or
not. That is what our Shipping Hazards Report attempted to do and which
revealed that the risks were of such magnitude that at the very least,
further investigations were essential before the facilities were allowed to

be constructed.

ACCEPTABILITY OF RISK

The acceptability of risk is another concept which has been the subject
of considerable controversy. It would be presumptious of me to attempt to
elaborate the arguments at a conference such as this. What seems to me to
be incontroversible is that at least when dealing with the risk of multiple
deaths to a community that derives no direct benefit from a major hazard
installation, we must have a yardstick for judging whether the risk is
acceptable. Not to have such a yardstick is to have no standards at all.
From the point of view of the public who have the risk imposed upon them,
they need to be protected both from those who create the risks and from
those who are supposed to monitor the risk makers., To do otherwise is to
relegate the vital issue of public safety standards to the vagaries of the
market place and subject to manipulation through the political and
commercial pressures that are always at work.

What then should these standards be? As we saw earlier the HSE in
the UK and other parties at the public inquiry into the Fife plant acknowledged
that the risk of serious injury to the public from an industrial undertaking
should not exceed 1 x 10-6 per year. The Advisory Committee on Major

Hazards in their first Report stated that if a serious accident was unlikely

to occur more often than 1 x 10-4 that might perhaps be regarded as just

on the borderline of acceptability. 1In the Canvey Report, the HSE appears
to be setting a criterion of acceptability of a risk of death as high as

1 x 10—4. They have been severely criticised by other authorities for doing
that, and rightly so in our view,

In a more recent paper, Prof. D.J. Rasbash has proposed that a
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community of some 10,000 people should not be exposed to a risk of fire
disaster that would kill more than 100 people from an activity from which
they do not derive any direct benefit or to which they are neutral, more
often than 1 x 107/ (14),

The Province of Groningen in Holland in approving the development of
the Eemshaven LNG terminal in 1978 using a hazard assessment carried out
by the Dutch Research Organisation (TNO), laid down absolute limits of
acceptability as follows:

(1) An accident capable of causing 10 deaths is unacceptable if it

has a probability of occurring more than 1 x 10-4 years.,

(2) An accident capable of causing 100 deaths is unacceptable if it

has a probability of occurring more than 1 x 10--6 years.

(3) An accident capable of causing 1,000 deaths is unacceptable

whatever the probability of occurrence.

(4) The risk to individuals is unacceptable if it is worse than

one chance in 100,000 (5).

On the basis of the foregoing it seems to me that the criterion of
acceptability of a risk of multiple deaths to the public should in general
be no higher than 1 x 10-6. when considering a new plant in a greenfield
site with a capacity of causing more than 100 deaths, the criterion should
arguably be even lower, say 1 x 10-7.

But whatever criterion is used, it is axiomatic that there is a
clearly defined standard of acceptability so that we can judge whether a
proposed plant is at least in the "correct league of magnitude" or not,

On the evidence available, the proposed terminal in Fife is nowhere
near the correct league of magnitude even by the standards which the
authorities have acknowledged as being reasocnable, let alone the higher
standards which prudence would seem to dictate,

It should also be pointed out that in the UK there are no guidelines
or legislation governing the exposure of the public to industrial hazards.
The only directly relevant legislation is the Health and Safety at Work
Act 1974 which imposes a general duty on plant operators to conduct their

undertakings in such a way as to ensure that "so far as is reasonably

practicable" employees, as well as the general public, are not thereby
exposed to risks to their health or safety. That is, of course, no

standard at all, The administration of the legislation is the responsibility
of the Health and Safety Commission and their executive arm, the HSE.

The Commission is dominated by sectional interests, particularly by industry.
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The HSE, as indicated above, lacks the resources of finance and expertise
and are quite ineffectual as a monitoring agency. Which perhaps all goes
to explain why we have a system of "self-regulation”, cosy compromises

and lack of clear cut safety standards or policies from which the concerned

public might take some comfort,

THE DECISION MAKING PROCESS

In the UK, the forum in which local interest groups can air their
views about a proposed development is the public inquiry which is generally
held before a decision is taken on whether planning permission should be
granted for the development or not. It should also be noted that the
construction of a LEG facility in the UK requires no more than an ordinary
planning permission as required for any house or other building.

Public interest bodies have through bitter experience come to regard
the public inquiry system with increasing cynicism if not outright contempt.
There are many reasons for this, chiefly:

(1)  There is great disparity in the resources available to the
participants leading to unequal representation. It is difficult
to match the resources of multinational oil companies by col-
lections made from door to door and at jumble sales.

(2) Complex scientific or technical questions cannot be adequately
debated in an adversary situation, particularly where the
participants are of unequal strength.

(3) The inquiry can only make recommendations which the Minister
is free to disregard, and often does, for reasons which may not
have been open to discussion at the inquiry.

(4) The Reporter/Inspector who presides at the inquiry is essentially
a civil servant and his independence is questionable.

(5) Most governments regard public participation in planning to be

no more than a token gesture to democracy.

Furthermore, a Minister's decision on planning is not subject to appeal
on the merits of the case, Planning decisions are regarded as administrative
exercise of ministerial discretion and as such cannot generally be challenged
in the courts, A government Minister can thus impose on the public severe
risks of death and injury and yet his decision cannot be questioned and
no criminal liability attaches to him.

The whole of the planning and legal processes in the UK are thus quite

ill-equipped to deal with the grave social implications of large scale
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technological developments particularly where public safety is involved.

THE RESPONSIBILITY GAP

As the G.A.O, Report has fully explained, because of the corporate
structures of the various operatives involved in an LEG facility, and the
deliberate creation of a multiplicity of companies and interests with
limited liabilities, it is very difficult to pin-point responsibility for
disasters and therefore to obtain compensation or redress, In a major
disaster, the assets and the liability insurance of the culprit are almost
certain to be far from adequate. Moreover, for a third party--particularly
for members of the public--it would be virtually impossible to establish
negligence on the part of any of the operatives. Serious jurisdictional
problems can also arise because of the international nature of the
operations.

The major corporations who are behind large LEG projects and stand
to benefit most, are thus protected by corporate and legal veils from full
responsibility for disastrous accidents that might kill or injure thousands,
All of this tends to diminish incentives on safety, particularly under
pressures of time and economies. Thus local communities who have the
hazards imposed upon them also have to carry, to a considerable extent,
the financial risks of disastrous accidents. The Bantry Bay disaster in
Ireland which killed 50 people is a good example, Eighteen months after
the disaster the relatives of the dead and other victims have received no
compensation while Gulf and Total blame each other for responsibility.

What 1s required urgently, is a system of absolute liability whereby
the parent corporations who are behind the LEG facilities, are held
responsible for all damage and injury caused to third parties as a result

of the operations and irrespective of whether negligence can be established.

The companies would need to show that they are able to carry the financial
burden of such liability or to make arrangements for adequate insurance
cover, If the risk to the public is as remote as the companies would

have you believe, they should have no objection to such a safeguard and

no difficulty in obtaining liability cover. That would also give them better

incentives for safer operations and help to reduce situations like Bantry Bay.

TIME FOR EFFECTIVE ACTION

It is perhaps encouraging that there is a growing concern in many

countries about the hazards associated with LEG. The European Commission
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recently issued a draft Direction (COM (79) 384) aimed at major accident
risks where it is proposed that manufacturers will be required to produce
detailed hazard analyses. Even the HSE have issued (some 5 years after
they were set up) draft regulations for notification of certain hazard
installations.

We might be forgiven for feeling that all this is no more than tinkering
with the problem. The real problem is not so much identifying where the
hazard lies, as what should be done to impose effective controls on the
hazardous operations in order to protect the public. There is more than
enough scientific material and experience to clearly indicate the nature
of the hazards. What we require is urgent action to minimise the hazards,
and above all, prudent and sensible siting criteria for new LEG facilities
as the only sure way of reducing the risks to the public, Both scientists
and public policy makers have an important responsibility in that regard.

It has very recently been announced that Shell are now proposing to
increase the size of the feedline from St. Fergus to Mossmorran from 16 inch
to 24 inch. That will inevitably increase the amount of LEG that will be
processed, stored and shipped in Fife, The risks, which in our view are

already far too high and unacceptable, will consequentially be even greater.

CONCLUSIONS AND RECOMMENDATIONS

1. LEG is a valuable natural resources which will increase greatly in
availability in the very near future. However, storage and transport
of large quantities of LEG pose enormous dangers and require urgent

and concerted action to minimise risk to the public.

2. LEG technology is in its infancy and urgent research work is required
to throw light on the many fundamental uncertainties. Until our
knowledge and experience of LEG has increased greatly, remote siting

is the only prudent safeguard.

3. Governments must impose a safety zone or cordon sanitaire of at least
4 miles (6 km) around LEG facilities, particularly around terminals
and shipping lanes, In countries where such remote siting policy is
impracticable, the companies must be required to develop off-shore

facilities for which tecnnology already exists (3).

4, A detailed hazard survey must be carried out by independent assessors
with the requisite skills, BEFORE any decision is taken on approval
of an LEG facility. A sensible sequence in the evaluation of a project

is shown in Appendix 2 which is reproduced from the Groningen study (5).
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Major risks of an LEG facility must be assessed in a quantitative

manner for which techniques are available and becoming more sophisticated.

Such an approach will at least indicate whether a risk is in the
correct league of magnitude for acceptability and provide a logical

basis for comparison with other risks.

There must be clearly defined standards of acceptability of risks,
The criteria should be similar to those adopted by the Province of

Groningen (as presented earlier in this paper).

Companies who are responsible for introducing the hazards and
operating the facilities must accept absolute liability for all damage

and injury that may occur as a result of the operations,

It is dangerous to leave industry to regulate itself in matters of
public safety. At the same time the system of monitoring must be
greatly improved to prevent the monitoring agencieé from becoming

subservient to those they are supposed to monitor.
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APPENDIX 1

ETHYLENE CRACKING PLANT AND DOWN-STREAM DEVELOPMENTS
ESSO CHEMICALS LTD, MOSSMORRAN, FIFE

STATEMENT OF EVIDENCE BY D.V. OFFORD, HM Senior Chemical Inspector of
Factories, Health and Safety Executive.

1. The outline proposals for the construction and operation of an
ethylene cracking plant adjacent to an NGL separation plant at the
Mossmorran site have been carefully considered.

2. No details of size or type of plant have been provided by the firm so
that it is only possible to say, at this time, that providing the cracking
plant, which presumably involves no new technology, is designed, constructed,
installed, operated and maintained to currently acceptable standards there
should be no reason to suppose that the plant will present an unacceptable
risk either to people working on the site, or beyond the site boundaries.

3. Proposals for down-stream developments have been referred to but no
definite selection of specific processes has yet been made. When such
selections are submitted care will need to be taken to ensure that each
proposal is viewed according to the risk. Any down-stream developments
should meet current design and safety standards and sufficient separation
in~plant and from the boundaries should be provided.

4. All installations where flammable liquids, gases and vapours are
stored and used at elevated temperatures and pressures will give rise to
some residual risk which cannot be completely accounted for either by
location or safety precautions. Consequently, further safequards should
be provided in the form of additional safety separation, a cordon
sanitaire, around the site. In my opinion the residents of Gray Park
should be rehoused away from the area before the proposed Ethylene
Cracking or NGL Separation plants become operational.

5. If the Local Authority approves the firm's outline proposals, then
careful consideration of the detailed proposals which will subsequently
be forthcoming, will be necessary. Any such proposals will need to meet the
requirements of the currently accepted standards as referred to in paragraph

S

/3-5.’;__7_
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Appendix 1 (continued)

STATEMENT OF EVIDENCE BY DR. R.V. FOSTER, HM Chemical Inspector of Factories
SHELL UK Exploration and Production Limited, Mossmorran and Braefoot Bay, Fife

NATURAL GAS LIQUIDS PLANT

General

1. I have studied some of the documents relating to the proposals by Shell
to erect a plant for the separation of natural gas liquids (NGL's) at
Mossmorran, with export facilities at Braefoot Bay. These include the
Environmental and Hazard Survey, and also the Report on the Hazard and
Environmental Impact, prepared by Cremer and Warner.

2. All of the materials involved in the processes are highly flammable,
and it is therefore of the utmost importance to prevent a flammable
concentration in air of the vapours from reaching a source of ignition.
This can be achieved by good containment, plant separation, and vigorous
control of all ignition sources.

3. Hazards may arise due to two main causes, namely failure of equipment,
and of operations. Risks from the former may be minimised by careful
attention to design and maintenance, whilst good housekeeping and operator
training should reduce the risks from the latter. I think that Shell have
shown that their design teams have considered every possible source of
risk in the equipment, and have incorporated the necessary safeguards to
counter them. Similarly, one may expect that operating procedures and
operator training will be to the highest standards in the light of the
Company's experience in these fields.

Potential Hazards

4. The areas where hazards due to equipment failure may arise can
conveniently be divided into two, namely the processes, and the storage.
Hazards connected with the pipelines, and with the harbour operations
are discussed elsewhere.

Processes

5. In the process plant, the materials are all at temperatures above their
normal boiling points, and are under pressure. Failure may conceivably
occur at pumps, compressors, flanges in pipe work, or furnance tubes. Such
failure will inevitably result in the release of hydro-carbon vapours to
atmosphere, and these may well reach a source of ignition. However, the
inventories of the individual items of plant are relatively small, and

the size of a vapour cloud will be correspondingly small. In addition, the
individual items or plant can be readily isolated, and feed stock diverted
to other vessels, or flared off under control. Attention to design and
strict maintenance schedules should ensure that catastrophic failure of
these items of plant will not occur in practice, so that instantaneous
release of the contents of any vessel is not considered to be a credible
accident.
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Storage

6. Three products will be stored at this site, propane, butane, and
gasoline. The first two of these will be stored as refrigerated liquids,
whilst the gasoline will be stored at ordinary temperatures. Because these
materials will all be stored at ordinary atmospheric pressure, the
likelihood of tank failure is remote. In addition, the NGL's are all
non-corrosive, and hence will have no deleterious effect on the materials
from which the storage tanks will be constructed. Failure of a storage
vessel in service is a rare event, and to my knowledge, there have

only been three instances involving refrigerated NGL's. These have all
occurred with single walled vessels, protected by an insulation layer on
the outside. The proposals for storage of refrigerated products at
Mossmorran are for double integrity tanks, that is to say, they will be
constructed with two concentric walls of special steel. The product

will be contained in the inner tank, and the outer tank will be insulated
on its outside surface. Thus vapour from the chilled product will permeate
the annular space between the two tanks, and the fixed roof will be above
the outer shell. In the event that the inner shell will fail, the outer
shell will contain the full contents of the tank, but will clearly

have to be designed so as to be capable of withstanding the full hydrodynamic
force resulting from such a failure. The Shell submission provides for
outer bounds of a minimal capacity, in fact capable of holding approximately
10% of an individual tank's contents, this capacity being commensurate

with the maximum theoretical leakage arising from 1/4 gasket failure on

the largest pipe below the liquid level in the tank.

7. The tanks will be provided with high temperature, pressure, and level
alarms. Remotely-operated shut-off valves will be provided on all lines
below liquid level, and where appropriate, valves will be interlocked to
prevent inadvertent product mixing. All tanks will be provided with

pressure relief valves, which will be discharged safely, generally to the
flare system. The relief system will be of sufficient capacity to cope

with over-filling, variations in atmospheric pressure, or a failure of

the refrigeration systems. Failure of the refrigeration equipment associated
with the low temperature storage would result in a very low rate of
evaporation of the stored product. This is because the insulation of the
storage tanks is such that heat transfer from the surrounding atmosphere

is minimal, so that the rate of evaporation of the tank contents would

also be minimal, and well within the capacity of the relief system. Day

to day variations in atmospheric pressure would be dealt with by the
refrigeration equipment, but under abnormal conditions, the relief system
would be designed to deal adequately with the maximum rate of vapour boil-off.

8. Fixed water sprays will be provided on the storage vessels, so that
cooling water can be applied to any tank or tanks in the event of a fire
occurring at a neighbouring storage vessel. In addition, portable monitors
will be provided, and can be operated from strategic positions.

The Effects of Leakage of Flammable Materials from Storage

9. The possibility of catastrophic failure leading to the release to
atmosphere of large quantities of flammable vapours is one that may properly
be considered to be remote. Small leaks, which could in theory become
aggravated so as to involve other items of plant may occur, but the risk

from these may be reduced to small proportions by the use of sound practice

in the design and materials of the highest quality in the fabrication of the
plant. The risk from small leaks which are the consequence of normal wear
and tear on plant may be greatly reduced by good maintenance and housekeeping.
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General Conclusions

10. It is my opinion that provided the process and storage are designed,
constructed, maintained and operated to the highest standards currently
available in the petroleum industry, there will not be an intolerable
situation imposed on the surrounding neighbourhood, and there need not
be any insuperable objections to these proposals.

11. The proposed site for the erection of a NGL's separation plant at
Mossmorran is well separated from existing industrial developments.
However, a housing estate at Gray Park is only 80Om from the site
boundary, and would be approximately 1300m from the process area, 1000m
from a refrigerated LPG storage tank, and 900m from a gasoline storage
tank. It is my opinion that these separation distances are questionable,
and that the residents of this estate should be rehoused away from the
area before the NGL's separation plant is built.
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APPENDIX 2

Schematical Review of the Assessment and Evaluation Procedure.
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SUPPLEMENTAL PAPER # 1

SHIPPING RISKS AT BRAEFOOT BAY

Summary

The need for hazard and public safety assessments in the siting
of major industrial developments is generally accepted, but their conduct
and application in practice is capricious and ends up satisfying no one.
This article reviews the safety aspects of the petrochemical development
at Mossmorran and Braefoot Bay, and particularly risks associated with the
accidental release and ignition of LPG and ethylene during shipping

movements, which illustrate the inadequacy of the present approach.

In the Beginning...: The Background

In January 1977, Shell and Esso submitted planning applications to the
Fife local authorities for the construction of an LPG separation plant and an
ethylene cracker at Mossmorran, near Cowdenbeath, and an export terminal for
the two plants' products at Braefoot Bay, midway between the village of
Aberdour and the new town of Dalgety Bay. The applications were called in
by the Secretary of State for Scotland, and a Public Local Inquiry convened
in June 1977. The Inquiry Reporter recommended approval of the proposals
in November of that year, and the Secretary of State gave his provisional
approval in April 1978, confirming the go-ahead in August 1979.

Prior to the Inquiry, the local authorities commissioned an
independent assessment of the impact of the proposed developments by a con-
sultant firm, Cremer & Warner, experienced in the petrochemical field. 1In
the safety section of their report, they adopted a qualitative approach
which identified possible failures and classified their probabilities coarsely
as low, very low, or negligible. Possible consequences in terms of injury
to the public were not discussed in any depth. The report covered shipping
up to the point of failures during cargo loading, but not navigation risks
and their conseguences. Cremer & Warner concluded that the construction and
operation of the plants would not significantly impair the safety of the
public at large, subject to incorporation of specific precautions which they
judged to be necessary and practicable.

At the Public Inquiry, the HSE concurred with the Cremer & Warner
conclusion, though their evidence in chief suggested a much more superficial
assessment - their written submission prior to the Inquiry ran to a mere four
pages of text. Once again, no reference was made to the dangers of shipping

movements, nor to the possible consequences of an accident, however remote
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its probability of occurrence. Expert witnesses for the oil companies and
also for the objectors to the development (who were predominantly but not
exclusively residents living near to the Braefoot Bay terminal) argued the
technicalities of the behaviour of heavier-than-air vapour clouds and the
likelihood of vapour cloud spillages detonating in unconfined conditions. 1In

these discussions, spillages of 10 to 15 tonnes of product were projected.

Tables of Stone - The Canvey Report

The Secretary of State's final decision was delayed by 21 months
because of a protracted debate by report and counter report over the risks
of spillage ignition by radio transmission - a risk totally overlooked at
the Public Ingquiry despite the expertise there deployed. During this time,
in the middle of 1978, the HSE's £400,000 study of the various hazards in
existing and projected installations at Canvey Island on the River Thames
was published. The HSE introduced it as unique - the most thorough study
of its type hitherto published - and proffered it as a model on which the
safety of other major hazardous installations could be assessed and
judgements made on the cost-benefits of any changes which might be called for.
The detailed analysis which forms the substance of the report was prepared by
the Safety and Reliability Directorate of the UKAEA, and their basic approach
was to identify every possible failure or accident, quantify its probability
of occurrence, and estimate its potential for causing danger or injury at a
number of populated areas surrounding the Canvey installation.

Because Canvey dealt with both existing and projected developments
(and incidentally was used to justify changes to the design of the latter),
the Braefoot Bay objectors saw no reason why the same sort of analysis could
not be applied to the Shell/Esso proposals, and indeed great merit in so
doing. If the risks introduced by the proposed developments could be
quantified, they could be compared with known voluntary and involuntary risks
which already existed and judgements made as to the acceptability of the plants
on safety grounds. There would undoubtedly be differences of opinion about
the question of acceptability, but at least a debate on this point could be
made on a reasonably sound basis, rather than purely on the grounds of emotion
or instinct.

In the event, the objectors requested a Canvey-like study; the HSE

saw no reason why this should be necessary and the request was refused.
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For Those in Peril on the Sea - Shipping Risks

An analysis of the content of the Canvey Report shows two factors
of interest. Firstly, in its consideration of spillages due to accident,
Canvey deals not only with 10 or 15 tonne quantities, but also with
spillages in the multi-thousand tonne range. Any consideration of spillages
of this magnitude at the Mossmorran Inquiry might have thrown quite a
different light on the debates about explosion and conflagration and their
potential for causing injury or death. Secondly, and perhaps more important,
the report showed clearly that by far the largest contributor to the total
annual risk to both individuals and groups of individuals living near
Canvey arises from spillage of products from ships, and not soley, as
considered at Braefoot Bay, during the loading operation, but during berthing,
unberthing and transit between the jetties and the main shipping lane up and
down the Thames.

These shipping operations included the transport of LPG, and it
occurred to Mrs. Nancy Rice and myself that while we had no significant
knowledge of the shore installations proposed, the shipping operations at
Braefoot Bay could not differ in qualitative terms from those at Canvey.

It therefore seemed reasonable that we should attempt an "amateur"
Canvey-style analysis tailored to Braefoot Bay to see what order of
magnitude of risk emerged, and that we should offer the analysis up for the
HSE and other experts to pick holes in.

The process of the analysis is fundamentally simple. Canvey
identifies three types of accident causing rupture of a ship's product tanks,
and arrives at a probability for each type of accident. The annual incidence
of spillage is then readily calculated from a knowledge of the annual traffic
to the petrochemical complex. In examining the possible consequences of
hydrocarbon spillages, Canvey divides the latter into two categories, those
of ignition at source and of drift of unignited vapourised product to a
remote source of ignition. The probabilities of each category are assessed
and assumptions made about the effects in terms of numbers of injuries and/or
deaths in particular areas. The total risk to individuals and to groups of
individuals per annum is obtained by multiplying the probabilities of
spillage occurring by the probabilities of assessed injury for each category
and adding the two together.

The transfer of the Canvey model to Braefoot Bay presents several
problems. Some are relatively easily solved; for example, Met. data is
readily available for the area in question and the size and movement data

of the shipping traffic is available in total terms from the Public Inquiry
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evidence. It is a matter of some surprise that Shell were unable to specify
the mix of ships within the total traffic figures they had given in evidence,
but other Ingquiry evidence enables a reasonable breakdown to be deduced. Rather
more difficulty arises from the fact that Canvey does not consider ethylene
at all (since ethylene is not a product of the Canvey complex) and hence no
base data was available to us. Ethylene differs from LPG and LNG, both of
which were discussed in Canvey, in three respects: it is midway between LPG
and LNG in density, and therefore in the behaviour of its vapour clouds, it
is midway between the two products in its boiling point, and therefore has
undefined (to us) effects on containment materials, and it is more prone to
detonation rather than conflagration than either LPG or LNG.

Despite these difficulties, we thought that a useful analysis could
be made with the knowledge available to us, and a report was issued in
November 1978, with an extended and refined second version following in
December of that year. Before looking at the conclusions of the reports,
it is worth giving some consideration to the way the Canvey model and its
assumptions were applied, and the potential weaknesses within the
calculation. 1In combined scientific/policy topics such as this, it is often
the practice for authors to advise "lay" readers to skip the technical
element as being too complex for them and to look only to the conclusions.

I do not support this approach; I believe that non-technical people should
understand that the basic mathematics of hazard calculations is no more
difficult than that involved in many an income tax return, and certainly
less than that required to understand a Company's annual balance sheet. I
also think that people should be capable of distinguishing "fact"--if such

exists--from informed opinion.

Bespoke Tailoring - The Adapted Model

The Braefoot study confines itself to large product spills only;
large ultimately turned out to be 400 tonnes upwards. These spills can only
originate from rupture of one or more ship's tanks, arising as a consequence
of fire or explosion on board ship; collision or stranding; or escalation
of a minor spill due to the cyrogenic effects of the spilt product on
structural material in the hull. Canvey (as the Canvey report is known to
its diminishing circle of friends) quotes probability figures for each of
these types of accident. The incidence of fire and explosion on board ships
was based on historical data, and we saw no reason why this probability should
differ just because a ship was sailing through Scottish waters rather than

English. Canvey's collision probability was an amalgam of historic PLA data
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for all traffic, and for tanker traffic only, with worldwide data from Det
Norsk Veritas. It was thus not transferable to the Forth, where annual traffic
is much less, reducing the probability of ship-to-ship collisions. On the
other hand, the navigational approach, involving a 140° turn across the tide
and the prevailing wind in a rock strewn channel, does not give great leeway
for mistakes, and the wind, which has a much more significant effect on
liquefied gas carriers than on oil tankers and cargo ships generally because
of the formers' high freeboard and low displacement-to-size ratio even when
loaded, is generally stronger. In the absence of authoritative data, we

used the Canvey probabilities, while recognising this to be purely arbitrary;
the tabulated results show clearly the collision contribution to risk and an
expert critic has noted that even if collision is totally ignored, the
aggregate risk figure is not significantly reduced. The third factor,
escalation of minor spills, applies only to ethylene carriers, since the

LPGs are loaded and transported at temperatures of -40°C and above, and none
of these temperatures normally causes steel embrittlement. Canvey quotes

a probability for this type of accident related to methane (LNG), whose
boiling point is -16OOC; to make some allowance for the intermediate ethylene
boiling point of —1OSOC; we arbitrarily halved the Canvey probability.

The ship traffic information provided at the Inquiry gave only the
numbers of LPG and ethylene carriers per year and the range of sizes of each.
To decide how many ships would be capable of releasing a given tonnage of
product from one tank or from all tanks, a mix of ship sizes was required,
and as noted earlier, Shell could not provide this. For the LPG ships, we
knew from the Inquiry the total plant output and the market split between
the USA, Western Europe and the UK, and assuming the larger ships would be
used on the longer routes, a practicable mix of ships was derived. For the
ethylene ships, once again the plant output was known but no market information
was available (Esso have still, three years after the Inquiry, to make a
formal commitment to build their cracker plant so perhaps this is not
surprising). The basic approach was therefore to assume three sizes of
ship - large, medium, and small - and assign numbers to each which would
satisfy the total annual output. From a survey of current shipbuilding,
it appeared that smaller ships had an average of four separate tanks each,
and-larger ones, five.

There is clearly a large element of guessing (or judgement, depending
on one's view of one's own capability) even in calculating the probability of
accidents which forms the first half of the hazard analysis. This element

of data reliability is recognised in Canvey, which categorizes its data in
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four ways: from a) - soundly based, directly related and generally accepted,
through b) and c) - perhaps inferred data from closely parallel results,

or extrapolation beyond the range of accepted data, to d) ~ inspired or
informed guesswork. In our case, some of the less reliable data could have
been strengthened with the right resources; for example, it would have improved
the total reliability of the calculations if Shell's and Esso's own shipping
mixes had been available. Judgement data lifted straight from Canvey might
also be questioned; Canvey assumes that LPG ships are not as safe as LNG
ships, although most newbuilding of LPG carriers seems to incorporate the

same type of separate internal containment tanks as the LNG carriers.

The remainder of the risk calculation deals with consequences. We
accepted without question Canvey's probabilities of ignition and nonignition
of spilled product at source for the various types of accident. For ignited
spills, Canvey gives two alternative relationships between the size of
spillage of hydrocarbon and the range at which blast overpressure capable
of causing injury or death will occur. Unfortunately, it is not made clear
whether the gas is LNG or LPG; the latter has a higher explosive potential.
Again, it does not give ranges'for ethylene, which is more explosive still.
Professor Rasbash, of the Fire Research Centre at Edinburgh University, has
suggested a relationship between explosive force and flame propagation
speed, and by a combination of different mixes of all these variables, a
range of spill sizes which could cause these potentially fatal overpressures
at Aberdour, 1.5 kilometres away from Braefoot Bay, and at Dalgety Bay 1.75
kilometres away, was calculated for both LPG and ethylene. Mid-range values
were arbitrarily selected for use in the hazard analysis, and the number of
ships capable of causing such a release from rupture of one and rupture of
more than one tank tabulated. Together with the ignition probabilities and
the tank rupture probabilities, one half of the total annual risk was
calculated.

For unignited spills, the analysis reduces to selecting a model for
the dispersion of heavier-than-air vapour clouds. This is a field rich in
theoretical tours-de-force and almost totally devoid of any supporting
practical experiments, especially where large scale releases are contemplated.
In the case of Aberdour and Dalgety Bay as considered in our initial study,
it matters little whose predictions are selected, since all place both
communities well within the range of flammable mixtures of both LPG and
ethylene, and there is general agreement that an ignition source is certain
to be found by a drifting cloud in any populated area and that fatalities would
ensue. Thus on the simple view we adopted, given that the Met. data which

determines the proportion of time in which each community is downwind of a
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spill at Braefoot Bay is of the highest reliability, the calculation of
the second element of the total risk is uncontroversial.

In two supporting notes, we undertook a more refined analysis of the
risks due to unignited vapour clouds at Aberdour and Dalgety Bay, and an
extension of the study of other Forth-side communities, including Edinburgh.

In the Aberdour and Dalgety Bay case, we considered the uniform dispersion of
releases in zero wind conditions, and dispersion in light airs to which the
Met. authorities assign no direction. Both these aspects involved the use of

a gravitational dispersion equation used in Canvey, and our own interpretation
of what the short term directional spread of light airs might be. This note
also considered the plan form of a dispersing cloud in a more realistic way
than Canvey, which added to the calculated risk. That there is additional

risk from this last source is not in doubt, but its magnitude depends on the
dispersion model used and certainly is. Our second Supplementary Note, dealing
with more remote communities, from 4 to 10 kilometres away, is totally
dependent on dispersion model and while the model we used was that recommended
at Canvey (that of the Americal Petroleum Institute), there are certainly
experts who dispute its validity, both as over- and under-estimating the hazard

range.

Lead Balloon - The Impact of the Analysis

Our Braefoot Bay Report showed the prcobabilities of injury or death
to individuals living in Aberdour to be in excess of one in a thousand per
annum, and apout two thirds of that figure in Dalgety Bay. For the Forth-side
communities, the probabilities at Burntisland and South Queensferry were of
the order of one in ten thousand per annum, and for the remainder, including
Edinburgh, around one in a hundred thousand.

The probability figures in Canvey are said by the HSE to be
uncertain by a factor of perhaps two or three times, but not ten times;
that is, the "true" probability of accident may be three times more or less
than the calculated figure. I believe this is optimistic, and would put their
uncertainty at an order of magnitude, or factor of ten. Because Mrs. Rice
and myself are uninformed in petrochemical terms, our own figures might be
in error by two orders of magnitude, or a hundred times. To get some feel
for the uncertainty, we therefore submitted our initial report to consultant
scientists J.H. Burgoyne & Partners for an opinion. This opinion confirmed
the rigorousness of application of the Canvey method, while raising some

questions about the relative safety of ethylene ships compared with LPG ships
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the explosive power of ethylene, the relevance of Canvey ship collision
figures to the Forth, and the interpretation of the results. 1In place of
individual risk, the consultants calculated the probability of an accident
capable of causing multiple deaths at Aberdour and Dalgety Bay, including their
own assumptions on the questions they had raised, and produced figures
comparable to our own.

Our full report, together with the consultant's critique, was
published on 17th January 1979. The response was immediate and deafening.
The Secretary of State acknowledged receipt. The HSE consulted the SRD
(who wrote Canvey) and declared them not competent to comment because of
differences of topology and Met. conditions between Canvey and Braefoot Bay.
The SRD declined our request for their own independent criticism, on the
grounds that they had a contractual relationship with the HSE and they feared
a conflict of interest. The local authorities said nothing. The 0il companies

said likewise.

How Long is a Piece of String?

Let us suppose that our report had been treated seriously, or better,
that the HSE had commissioned their own authoritative study of the Braefoot Bay
shipping operations. This gives us the length of string. But how long is
too long - more formally, by what standards should we as a nation have
measured the predicted risks to decide on the acceptability of the
development?

There are several yardsticks, none of which is of any statutory
significance. 1In his report, the Public Inquiry Reporter recorded that the
HSE and Cremer & Warner agreed that the general public ought not to be
subjected to a risk of an accident capable of causing injury or death,
greater than the risk of being struck by lightning - by common consent,
about one in a million. At a Public Meeting in Aberdour earlier this year,
Dr. Jack Taylor of Shell Expro said he thought that the plant ought to be no
more dangerous than that same lightening bolt.

Trevor Kletz of ICI, writing in New Scientist, reports the UK chemical
industry as taking risk reduction measures if risks are in excess of 1 in
200,000 per annum, though as his figure is strictly expressed in terms of
the working lifetime of chemical employees, perhaps one should quadruple
this for people at risk 24 hours a day rather than the more usual 40 hours
working week. Again, these are voluntary risks, so involuntary risks should

be at the very least well over 1 in a million.
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The Major Hazards Advisory Committee of the HSE suggested that a
probability of accidents capable of causing death of 1 in 10,000 per annum
was on the boundary of acceptability. Lord Rothschild, writing in "The
Listener," guoted risks of 1 in 3,200 per annum for quarry workers, and
suggested that perhaps involuntary risks might reasonably be lower than
that figure. The provincial government of Groningen in Holland adopted an
interesting sliding scale, in which accidents capable of causing ten deaths
ought to have a probability not exceeding 1 in 10,000; over a hundred deaths,

not exceeding 1 in 100,000, and of a thousand deaths, complete unacceptability.

Shutting the Stable Door? - The Current State of Play

In introducing this article, I said that the application of hazard
assessment techniques was capricious. What, then, has happened in the Braefoot
case? In announcing his approval for the developments, the Secretary of State
said that his concern for public safety was overriding and would outweigh
any considerations of national interest. This is of course absurd as a
precept, but we may charitably take it as a serious indication of concern
about safety. To assure himself that safety was a prime consideration,
he required by a Planning Condition that the developers conduct a Hazard
and Operability Study before the plant was to be permitted to start operation.
This study will be carried out by a consultant to be appointed by Shell,
will cost over £100,000 and will analyse the plant's construction, in
Shell's words, "down to the last nut and bolt." It will be completed by the
end of 1981, and a summary will be published, subject only to considerations
of commercial confidentiality. It is not agreed yet whether the study will
be guantitative or not.

Shipping movements will not be included.

At about the same time, a Hazard Analysis, which is apparently different
from a Hazard and Operability Study, and will cover the shipping movements
separately, is to be carried out, or is under discussion, depending on whether
one listens to Shell or to the HSE. However, only the Study is required to be
to the satisfaction of the Secretary of State. What is not known is what
cerebral process the Secretary of State will use to decide whether he is
satisfied or not by its findings. Nowhere in any correspondence or published
documentation is there any statement of any standard which will be used to
assess this satisfaction. Confidence in plant safety is necessary for
the peace of mind of the workers and seamen who will operate the plant and

snips, of the surrounding public, and of the man who must make the final,
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possibly fatal, decision. Can this Planning Condition give this peace of
mind? And if not, does it mean anything at all?

A secondary protection might be thought to be the Health & Safety at
Work Act of 1974. This lays on the operators of a plant a duty to take "all
reasonably practicable steps" to ensure the maximum of safety. There is an
immediate problem in understanding who is the operator in a ship-to-shore
operation, but that need not divert us from the more serious problem.

What is more significant is that an opportunity which is "reasonably
practicable" before the first sod is cut, such as the choice of another
site, is not likely to be anywhere approaching reasonably practicable when
£400,000,000 has been invested in plant construction. 1If this cynicism,
or perhaps rather, realism, is questioned, consider the HSE's April 1980
comment on the proximity of a new and very popular leisure centre to the
route through Irvine Harbour, in Ayrshire, taken by ships carrying
explosives from ICI's long established plant at Ardeer. "When this complex
was first thought about there was no duty to consult with the HSE on safety
matters. There is no doubt that we would have advised that the Centre should
not be built where it is. However, we have to live with it." (The speaker,
of course, doesn'‘t.)

In the Braefoot case, there is a duty to consult, but no such advice
has been given because no solid information exists. With diffidence, I point
out that there is in fact a hazard analysis of sorts - the one discussed
in this article - and the astute reader will have noted that its risk
predictions exceed all the possible standards which I have suggested. But
is it sensible that any judgement of the viability of a major hazardous
commercial development should be based on a study prepared by a mathematics
teacher turned mother of four small children and a physicist turned engineering
manager working in their week-ends and spare evenings? One would not think so.

But perhaps it is more sensible than making a judgment on no information at all.

Conclusion

In writing this article, I have tried to show how a non-expert can
understand the process of hazard analysis, and identify the strengths and
weaknesses in it. In my experience, while the judgements on basic data may
remain the province of experts, the use of those data is not beyond the wit
of anyone of average intelligence. It is, after all, the non-expert who
makes all the important decisions and gets the boot if things go wrong, and
as an engineer I believe strongly in taking any needless mystery out of

technical matters.
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On the larger question of whether hazard analyses are of use anyway,
I conclude that, provided they are quantitative, they do have a value in
pinpointing system weaknesses. To achieve their more vital value as
decision-making tools, they must satisfy three requirements: they must be
timely, they must be as reliable as possible, and there must be a yardstick
against which they can be measured.

The time for at least an outline hazard analysis must be before any
approval to start building is given. In the Braefoot Bay case, the developers
say that even an outline analysis is impossible, despite the fact that no
new techniques are involved, until the design is well advanced. I do not
believe this; in the electronics industry, we are often required to show that
we can achieve specific reliability levels before getting an order, and the
ensuing contract calls on us to demonstrate that we have met these levels
under financial penalties in the case of failure. This in a field where
technology is changing at a terrifying rate, and yet we manage to meet
these requirements and survive commercially.

Some elements of a hazard analysis can never be made reliable by
experiment. For example, there is no practical way of confirming Canvey's
assumption that one release in ten caused by ship collisions will not ignite
at source. We can, however, experimentally confirm gas explosion and
dispersion models, and this must be worthwhile when some models give
hazard ranges 20 times as big as others. It is to be commended that Shell
are in fact starting some bulk release tests as I write, with LPG quantities
up to 10 tonnes, but more can be done with ethylene and LNG, bigger
quantities and different weather conditions.

The yardstick is the ultimate problem - by far the hardest. There
can be no absolute go/no go figure; I suggest we need to start with a basic
acceptable probability, perhaps 1 in 10,000 per annum, which needs to be made
an order more demanding if an accident can cause, say, 100 deaths, and two
orders more for 1,000 deaths, as on the Dutch model. There is one other
factor in a yardstick which is less amenable to quantification but which cannot
be ignored; the general public good, or the National Interest. This may
include a job gain, but related to the general level of unemployment; or
increased GNP, related to the general wealth or poverty of the nation; or
security, related to international stability. It may be a mixture of all
three or indeed other areas of interest, and a substantial national interest
should ease the acceptability yardstick in proportion to its magnitude.
However, if numerical values cannot be assigned to these intangible benefits

(and I am inclined to the view that they cannot) at least a hazard analysis
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can ask the gquestion "Will this new project impose more risks on its
employees and its immediate neighbours than others are already being asked
to bear for the same sort of benefit?"”

All this begs another question: whether the same national interest
could be served at a lower risk at another site. A Public Local Inquiry is
of no value in exploring this, since it is a local inquiry, and asks only
if a development is acceptable in one particular place. This is a subject
of its own, and interested readers are referred to the Financial Times
of May 2nd; in my view, however, a Public Local Inquiry is a waste of public

and private time and money.
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SUPPLEMENTAL PAPER # 2

BRAEFOOT BAY: RADIO TRANSMISSION IGNITION RISKS

Introduction

This note gives a precis of the radio transmission aspects raised in 1978
and 1979 prior to the final planning decision on the Shell and Esso
proposals in August 1979, The issue itself is relatively insignificant
in relation to the majority of factors explored during the period, but it
raises two important questions:

- given its relative insignificance, specifically emphasised
by the HSE in May 1979, why was radio transmission as a risk
given so thorough an analysis by the authorities, lasting
over 21 months? Would not that time and effort have been
better spent in looking at real problems which had received
scant study or none at all, such as the risk of spillage
during shipping movements?

-~ treating the issue as a risk study in isolation, what light
does it throw on the quality of advice offered to the
decision makers by the HSE (and by independent consultants)?

We do not attempt to answer the first guestion at all. To us, the matter
is incomprehensible, assuming as we do that those concerned were seriously
interested in understanding the risk position at Braefoot Bay. On the
second question, we can be more positive. 1In our view, the study shows the
HSE to be slipshod and incompetent in carrying out the procedural parts

of their studies, and untrustworthy in interpreting the results. A
summary of the history of the study follows, which we believe justifies
this judgment. If this is a measure of their general performance, no
confidence can be placed in any of their advice, and decisions based on

it are likely to be faulty in respect of safety.

History

The risk of ignition of spills by radio transmission-induced sparks was
raised by the Joint Action Group in January 1978, six months after the
Public Inguiry. It had been completely overlooked by the expert
witnesses for Shell and Esso, by Cremer and Warner and by the HSE (as it
had in the St. Fergus NGL development), and their oversight was excused
on the grounds that this source of risk was a new phenomenon. (The
appropriate British Standard (BS) is dated 1974.)

Following the JAG's query, a series of reports was produced. The major
findings are summarised and the JAG's comments follow.
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HSE No. 1.

In March 1978, the HSE produced a single page statement based on the
(unpublished) report of P. Excell of Bradford University, acting as a
Shell consultant. This stated that if a local IBA transmitter were
removed, no hazard would exist. Any problems arising from s