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SUMMARY

INTRODUCTION

This paper is concermed with aspects of organization and procedure in nuclear acddent
management. Because all accidents can be argued to have common characteristics, a compara-
tive approach is taken here for the discussion of emergency planning for nuclear accidents.
This approach reveals several defidendes in selected European emergency plans, the most
important concerning formal and informal communication channels The most important prin-
ciple which emerges from this discussion, and which was reinforced by the recent U.S. nudear
accdent at Three Mile Island, is that planning efforts should be directed toward reducing the
information load carried by each person involved in managing an accident

THE EVOLUTION OF ACCIDENTSAND THEIR MANAGEMENT

Recourse is made here to the lessons leamed from the general field of technologically
derived acddents--sornetimes referred to as man-made disasters. Firstly, because the majority
of organizations which cornprise the infrestructure for management of acddents from outside
the '"boundary fence'" are largely identical for all accidents. Secondly, because a detailed study
of a variety of technologically disparate acddents has shown that an evolutionary process associ-
ated with serious acddents can be identified {Turmer 1978). Though no substantial case-record
for major nudear acddents exists, there is no a priori reason to suppose that this technology
should not show these same general features. Indeed, the record of those few nuclear accidents
which have occurred, supports this hypothesis.

This recent examination of the origins of 86 man-made disasters stresses a broad contex-
tual framework containing the following six phases
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- a nolionally normal starting pour:t;

--  an incubation period;

--  a precipitating event

- the onset of effects or consequences;

--  resaze and salvage; and

--  full systemic readjustment to the surprise assodated with the precipitating act.

M an-made disasters do not originate overnight; it is rare that one individual, by virtue of
a simple error can cause an accident in a systern formerly believed to be relatively secure. Thus
it is crucial that the tncubation period not be overlooked in antidpating acddents.

In examining the precipifating-erent thase information management is seen to play a criti-
cal role. Information may not be completely appreciated because individuals, groups, or institu-
tions have a false sense of security or vulnerability when faced with danger signs Pressure of
work for other distractions drew their attention away from the emerging signs of danger. They
may distrust the source from which the waming comes. They are sometimes decoyed into con-
centrating upon one property of a phenomenon and so relegating its other features D ifficulties
arise, too, in dassifying the phenomenon and in dedding upon a suitable course of action.

A second general problem concerns the organization effidency of the responding institu-
tionn Part of the effectiveness of any organization lies in the way it is able to involve its
members with suffident similarity of approach, outlook and priorities to operate more efficiently
than would a group of unorganized individuals. Yet, there remains the danger of collective
blinkers masking important issues, referred to by advocates of numerical risk analyses as 'the
rogue event."

Discrepant events may go unnoticed or be misunderstood as a result of problems in han-
dling informaltion in cormplex situations. There may be an oversupply of information, the cru-
dal messages may be concealed in a mass of noise or those handling the messages may be busy
or preocaupied with other matters. There are further problems of obtaining adequate intelli-
gence, avoiding its dispatch to the wrong people, avoiding distraction in trensmission, avoiding
the failure to operate on messasges or to rely too heavily on informal networks. A chronic prob-
lem concems the individual in an organization who has received all the necessary information
about a problemn, but who fails to deal with it. Since the redpient may be swamped with infor-
mation, those attempting to cormrmunicate should beware of providing him with all the facts in
order to avoid the responsibility of being selective. This idea is a pre-requisite to a good
management structure even in non-aisis situations

NUCLEAR ACCIDENT PHYSIOGNOMY

Nudear acddents can be described as following the sequence of phases listed above. For
each phase, it is useful to identify the groups of individuals who are involved.

In describing the unfolding of events constituting an accident in the nuclear field, "nor-
mal"’ operations consists of a series of re-adjustments by plant and operators to relatively minor
deviations from the presupposed and designed flow of operation. Because of this readjustment
sequence, or because the aberrant event is hidden within the operation pattern, the response of
either mechanis or operator is either non-existant, inadequate, or inopportune: thus, the
Inaubation Phese. It follows that a fault sequence is set in train. This sequence may or may
not, according to the natural laws governing the process, proceed towards an undesired outcorne
(e.g., the overheating of the reador core, release of radic-active material, dispersion of this
meterial, ete). This event may or may not be perceived by the operating staff.
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The Predpitation Phase (Phese III of the accident) is generally characterized by a
response of the mechanism or of the operating stafl to the developing situation. This response
will occur with varying degrees of propriety and timeliness and will modify to a greater or lesser
degr=e the course and outcome of the inddent. The fourth phase of the nudear acddent is the
apparent or explidt meanifestation of the accident in terms of events external to the plant or
process which menance the operation itself, the plant itself or individuals within the plant
boundaries or external to the boundaries. This is termed the resulting-effedts phase.

Such typology allows us to develop a categorization of the involved groups as related to
the sequence of events. While such a descaription has a useful role to play in organizing
thoughts and opinions on the ideal course of institutional response, it obscures certain vital
issues. These include:

(i) the difficulties of allowing for uncertainties in the analysis of incomplete information

(ii) the question of what level of inforrnation is useful to the nudear plan operator and
to the external bodies;

(iii) the level of autonomy that must be allowed to each of the actors;

(iv) the sssumption in most emergency procedures of rational behavior by operators

under stress;

(v) the level of basic knowledge required by the press and others to interpret informa-

tion; and

(vi) the correct locus of dedsion for major responses (particularly that of population eva-

cuetion and the balancing of potential added risks in exeauting emergency pro-
cedures external to the plant).

Though much can be gained by viewing nuclear accidents as having characteristics in comr
mon with a broad range of natual and man-made disasters, it is also important to recognize that
which is unique to nudear acddents and the reaction of the public to them Otway (1978) pro-
vides a number of insights into the uniqueness of the risks from nudear power.

RESPONSE TO A NUCLEAR ACCIDENT IN SELECTED EUROPEAN COUNTRIES

With this general background, we tum to a discussion of the plans for nuclear accident
management in various European countries. Specifically, we examine the emergency plans
recommended by the International A tomic Energy A gency (1979), with additional references to
plans of the Netherlands (Baas, et al. 1980), the United Kingdom (M atthews et a. 1980), and
the Federal Republic of Germany (von Gadow 1980).

In the recent IAEA docurnent on 'Planning for Off-Site Response to Radiation A ceidents
in Nucdlear Fadlities' it is stated that the unequivocal responsibility for the initial assessment of
an acddent situation at a nudear facility rests with the operator. This guideline concerning the
initial assessment of an acadent situation are followed by each of the three countries selected
for study. In this respect, the UK has the most detailed and comprehensive plan, where the
lines of authority are clearly delineated from the moment an emergency is encountered.

After the operator has recognized and assessed a potential or actual emergency situation,
the JAEA (1979) reconrnends an interactive response between on-site and off-site authorities.
The ariical tasks for planning an emergency response include defining acddent seriousness,
that is, dediding when to initiate what response, and drawing lines of responsibility for making
the assessments and for carrying out the interventive actions

For this purpose, in the Netherlands a distinction is made among three broad accident
dlasses:



(i) Accident Ciass 1: gaseous radivactive releases above the licensed limit are imminent
or taking place, but do not exceed 10 times the value of this limit

(ii) Accident Class 2 gaseous radioactive releases exceeding a value of 10 times the
licensed limit are irmminent or taking place whereby the amount of releases can still
be approximately estimated.

(iii) Acdident Class 3: the unknown amount of radioactive releases, imminent or real, is
pointing in the direction of a major catastrophe.

In some European countries emergency plans are oriented to Accident Class 1 with an
assumption that there will be ample time between a release below 10 times the licensed Limit
and a mgjor release. A ccording to the IAEA, there would be suffident ime after events initiat-
ing a more serious release to inforrn off-site authorities so that they could, in tum, implement
protective measures prior to the start of any major release to the environment.

The assigning of intervention levels based upon dose commitiment is probably the most
highly debated issue in the subject of emergency planning. The Federal Republic of Germany
(FRG), for example, equates in some detail dose levels with recommended interventive
actions. In all cases, it is significant that acddents are defined in terms of dose cormmitment;
the importance of a technical and administrative apparahus for obtaining this data in the event
of a nuclear emergency is apparent

The IAEA recommends that the operator of a nuclear facility set up an emergency
response group. This group should assume the leading role in the on-site emergency response
organization, particularly with regard to any liaison with the off-site organization. In the United
Kingdom, all emergency actions would be directed by an Emergency Team from an Emergency
Control Center located at the station administration blodk, backed up by a fully equipped center
at a location off-site. A number of additional tearms would also be formed to respond to the
emeTgency.

In the case of a nudear emergency there are two major responsibilities for off-site authori-
bes: to conduct off-site measurements of radiation levels, and to carry out interventive coun-
termeasures. [n the early phases of an acadent, the emissions and meteorological data from
the nudlear fadlity should be checked for consistency with the radiation levels measured on the
outside. It is, however, emphasized by the IAEA that the initial need to take protective meas-
ures should not await this assessment but should be based upon recormmendations of the facil-
ity operator.

The IAEA document states that it is mandatory for off-site authorities to make arrange-
ments with the fadlity operator to be provided with prediction of off-site consequences and
recommendations for protective measures. The ultimate responsibility for taking these meas
ures usually rests with the outside authonties--with the M ayors of the affected munidpalities in
the Netheriands, with Public Services in the United Kingdom, and with the local authorities in
the Federal Republic of Germany. The IAEA also recommends that an off-site governmental
authority should provide for an Emergency Response Organization that would ensure that the
necessary plans are prepared and that the responsible authority can carry out action in the case
of an emergency.

The TAEA suggests further that procedures require formal acknowledgements of orders
and reports. A system for giving priority to emergency communications should be established.
In addition, emphasis is placed on the importance of ensuring that individuals and population
groups follow the instructions given by the emergency response personnel dealing with the
situation. No mention is made, however, of establishing a well-understood vocabulary for com-
municating the seriousness of the situation and for communicating these instructions.

In England and W ales there is a direct telephone link between the Emergency Control
Room and the Grid Control System for off-site organizations; a further direct telephone link
exists with the Public Relations Office, which has the function of issuing statements on the
situation in collaboration with the CEGB Headquarters Press Offices To increase the chance
that these emergency plans function smoothly, the U.K. Nuclear Installations Inspectorate
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requires that the nudear plant staff have a systernatic training course and that pericdic emer-
gency drills be performed The Netherlands also appear to have an adequate cormmunication
systerm, at least in termns of the technological links. There exist cable and radio connections
including a number of reserved telephone lines. Again, however, no mention is made of
developing unambiguous language or code for ensuring that the human component of the sys
temn functions adequately.

Though the recommended plans of the IAEA, and the existing plans of the United King-
dom, the Netherlands, and the Federal Republic of Germany, are admirable in their darity and
detail, they suffer from two major flaws. In general, plans are designed to handle only one
type of acddent--a clearly defined release. Neither the slowly developing accident, where the
possibility of a major release is uncertain, nor the unexpected and immediate catastrophic
release are induded in any cornprehensive way.

The second flaw is that inherent in the plans reviewed here, incuding the IAEA recor+
mendations, is the assumption that all procedures will work more or less smoothly. Thus, for
example, if emergency telephone lines exist between the Emergency Control Room and off-site
authorities, it is assumed that meaningful comrmunications will be transmitted. Little thought is
given to the possible human problems.

LESSONS LEARNED FROM PREVIOUS ACCIDENTS

Lessons leamed from the TMI accident should be treated with caution as the next
acddent will not be the same as TM I, and the emergency organization of any European country
is importantly different from those organizations in the US. Yet, the TMI accident revealed a
bype of nudear accident not anticipated in the plans studied to date: a confusing, slowly
developing accident with resulting uncertainty about current and future plant status. This type
of acddent could happen in a European country; thus, emergency plans should be designed to
handle such a occurrence.

One of the most recurrent findings in the docurnents examined {President’'s Commission
1979; Rogovin 1979; US Nudear Regulatory Commission 1979ac) was the need for an
appropriate organization for the operator teamn. The operators must be presented with dear,
well-organized, and screened information in a non-distracting environment, with a well-defined
chain of common information sources and sinks The European authorities are better prepared
in this respect; yet, some insights can be gained from the US recommendations.

The operators should be able to concentrate on stabilizing the reactor and cormprehending
the system status All other acddent mansgement operations should be kept separate--
physically, acoustically, and organizationally {(Rogovin 1979).

Communications were a serious problemn at TM ], largely because the plant status was not
well understood. There were no summary descariptors that could be used to describe the techni-
cal situation. On this subject, most of the lessons and recommendations included in the
Kemeny (President’s Commission 1979) and Rogovin {1979) reports were particular to the US
organizations involved. The following general lessons can, however, be gleaned frorn the
reporis

(i) Information sources should be clearly spedfied, including who collects what infor
mation on-site and off-site as well as who coordinates off-site data collection activi-
ties.

(i) Information disserminaion to off-site agencies and the media should be clearly
specified and conducte.’ by appropriately treined people. The European plans seem
espedally weak in this regard.
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(iii) The people involved should be appropriately trained.

The concept of keeping operator and non-operator activiies separate applies as well to the
operator team. Lines of responsibility should be dearly laid out, including the lines between
the shift supervisor and the shift technical advisor.

M any of the above organizational measures presurne a long-term acadent such as the one
at TM1. Yet, these measures must not be taken in such a way as to degrade the effectiveness
of emergency operations in the case of a short-term acddent.

TM1I presented a dear need for unambiguous emergency procedures to deal with abnormal
operations and a poorly understood plant status. Emergency procedures must be clearly
defined, even in the face of great uncertainty (US NRC 1979b).

A central problem in emergency planning is maintaining operator preparedness (Otway et
al. 1980). One solution often mentioned is the use of improved simulator training and of
repeated smulator experience, designed to incdude accidents involving rmultiple causes, cornplex
transients, and long-term developments (Rogovin 1979). A nother measure is plant drills for
the same types of accidents, with dosely watched operator performance and operetor rewards
for good performance (US NRC 1979b).

COMMUNICATIONS BETW EEN THE OPERATOR AND THE
OUTSIDE WORLD: THROUGH THE CONTROL ROOM WALL

The cornmunication links between the operators in the control room and those outside are
critical to the smooth functioning of the emergency response. An analysis of the technical
sources the operators call upon for assistance and the government authorities that depend upon
the operator team as a source of information for their acddent management dedsions are
chosen as focal points because analyses of the experience at Three Mile Island indicate that
cormmmunication was a central problem and because European plans also appear weak in this
regard. The report on the investigation by the U.S. NRC's Office of Inspection and Enforce-
ment (1979a) conduded that the provision of substantie techrical sugport to the mranagement team
directing emergercy actions on operatonal mratters suffered prorariy as a result of comyreavcation
difftuities

This report cites as a reason for this problem the fact that emergency planning was geared
to those major accidents where events ocaur very quickiy--as are the European plans. 1t may be
thet in these countries lines of duty are not so well defined and communications are possibly
not adequate for the slowly developing accddent. At TMI this orientation led to a lack of
emphasis on mechanisms to mobilize and communicate with off-site personnel. W hile it is
likely that the next nudear acddent will not be like TMI, and while there are important
differences in emergency organizations between the US and European countries the fact
remains that the role of the operator in emergency operations may be determined by the com-
munications links, and those links should be examined for their effectiveness in the unexpected
acddent type discovered at TMI: a confusing, slowly-developing accident.

Cormrurications with Techrical Sowrces:
Information. Sowrce for the Operator Team

There are several types of technical resource people who may be useful in acddent
managerment. Eowever, selection procedures should respond to the problem presented in the

Rogovin (1979) review of the TMI accident: what is desired is one person with both great
technical expertise and complete day-to-day familianity with the plant, yet few people exist with
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both of those characteristics. This applies as well to European operations.

A part from the problems of selecting and maintaining the availability of technical support
stafl, there are general problemns of comrmunication between themn and the operator tearm. The
most important of these include:

(i) Operator Resistance There are several reasons why the control room crew may fail
to cormmunicate to the outside world as effectively as it should These include:
technical, psychological, procedural and incentive factors.

(ii) Delays: The TMI acddent showed that it is easy to underestimate the delay in corm
munication. Since accident management often cannot afford to wait for the appropri-
ate expert or desired calailation, the problem of delays in communication gives rise
to the need to make dedsions in the face of great uncertainty. Planning for
dedsionmaking under uncertainty is not adequately addressed in the emergency
plans studied to date.

(iii) Signal-to-Noise Ratio: A nother difficulty with communications is brought about by
the volume of messages passing back and forth In a confusing accident such as the
one at TMI. The admowledgement and retrievable storsge of inforration can fully
tax the mental resources of the operator team.

(iv) Limited Usefulness of Technical Support: The experience at TM1 shows that even
with extensive expert technical consultation over hours and days of deliberation, a
great deal of uncertainty in systern status persisted Several key areas of misunder
standing or lack of understanding persisted for days at TM 1, even with a veritable
army of A merica's best technical minds assernbled at the site

In the case of nudear accidents, the decisions made by government authorities include
both the choice of which countermeasures to implement (shelter, evacuation, thyroid blockers,
waming, no action) as well as the choice of where it should be implemented (radius, sector).
Risks and costs are assodated with implementing a countermeasure whether or not a release
occurs, just as there are nisks for not implementing countermeasures if a release does occur.
Thus, the dedsion to order a countermeasure involves a balancing of sodal and political risks
and costs. This is usually complicated by the fact that technical experts and government
authorities, both with limited expertise, are involved.

It is usually assumed that an accident can be defined in terms of a release; the operator’s
duty is to assess the severity of this release and with this information the responsible authorities
can order the appropriate countermeasures. It is important, however, that these guides would
not help a operator faced with the situation encountered at TM I, where a hydrogen bubble was
discovered in the core. This accident shows that countermeasure dedsions may have to be
made in the face of great uncertainty. The critical question which has not been addressed is
how the operator can communicate this uncertainty.

A Suggestion for [mproving Comerardcations

Part of the philosophy of emergency procedure design and acddent prevention should be
based upon past experience. Though every effort should be made to prevent recurrence of past
accddents, it would be irresponsible to acknowledge that not every failure which is a poséior
obvious could have been cbvious a priori New regulations stermming frorn past experience
tend to deal with a well-structured problem defined and revealed by the acddent, rather than
the ill-structured problem existing before the event.

Because the situaticn before the event is often ill-struchured, a first priorty is to counteract
the problemn of information overload on the operator. For this purpose, acddent mansgement
information could be ranked and saeened so that only the most important and appropriate
information gets to the operator tearmn, with the rest of the inforrnation shunted to data
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recorders and support group: s in different rooms A second problem introduced above, is that of
coping with a poorly structir ed and uncertain situation. How does the operator convey an unc-
ertain plant status to outside authorities?

One possibility suggest =d by a growing school of thought on the use of probabilistic infor-
mation, is to train the oper ator in the use of subjective probability. Ideally, the operator or
technical experts could expr ess their state of knowledge concerning plant or accident status in
termns of a set of subjective | xobabilities. The government authorities could, in tumn, be briefed
on the use of these probabiilities, specifically in how they translate into action. This scheme,
though simple enough on pz iper, would probably not work in an accident situation since in the
midst of an accident, the ope :rator team probably could not meaningfully set subjective probabil-
ides; and govemment authoi rities cannot be expected to understand and be comfortable enough
with subjective probabilities to combine such information appropriately with social and political
value information to come 4 ) an appropriate countermeasure dedsion.

As a possible way aro und this difficulty, this pre-determined language could have as a
vocabulary, not probabilities,. but simple key- words or colors ("'condition red”) or numbers and
these keywords could be asst >ciated with, say, from three to ten standard parsgraphs.

Ideally, this Standard ] Language System (SLS) would induce the operator to move from
very coarse aspects of syster n stahus to a particular parsgraph.  For this purpose, the mapping
from systern status to paragr aph must be unambiguous The operator could then be held liable
if, for instance, he transmit s a particular plant status incorrectly, since post-accident hearings
could reasonably determine that he should have been able to assess it correctly. The SLS also
relieves the operator of sorr te of his responsibility, in that he cen refer to the mapping guide-
lines using the SLS, he is ce dled upon to exerdse his judgment less

Ideally, the SLS woulc | also induce the government authonity to act upon the paragraph
received with a particular cc untermeasure. Given the paragraph received and extenuating dr
curnstances, the authority m ust feel that only one or two countermeasures could be justified in
post-acddent hearings The authority is also relieved of some of its responsibility, since it can
cite the paragraph given as p artial justification of the decision.

The SLS allows the st ructured "pre-digestion” of very difficult judgements and dedsions
that could not be made well in the heat of an accident. The net effect would be to decrease ad
hoc human judgments in act ident management, replacing them with more carefully considered
judgments. The SLS would! also provide an appropriate avenue for openness, and so would
help prevent the loss of cp edibility that so complicated the TMI acddent. Finally, the SLS
would build into the acdder 1t management system a pre-determined means of desaibing and
reacting to a very uncertain | dant status, both current and future.

One would expect, ho wever, some difficulties in the development of an SLS, including
keeping the mapping from s ystern parameters to paragraphs simple enough to be appropriate for
a stress situation; keeping i t general enough to allow for unexpected events; keeping it of a
manageable size; forrmilatin g clearly defined systern status to action response; and keeping it
up-to-date.

PRINCIPLES FOR ASSISTING NUCLEAR ACCIDENT
MANAGEMENT OPERATI ONS

Basic principle points 1:0 be followed in planning for nuclear accident management. can be
gleaned from the preceding. They are viewed from the perspective of the operator. The princi-
ple that underies all the otl 1ers is that all planning efforts should be directed toward reducing
the information processing | .oad carried by each person involved in managing an accident. A
lesson leamed from previot 1s acddents is that there is a very large amount of information
requiring rapid and appropriiate respornise. The individual information processing load cen be



reduced substantially by two planning measures
(i) by giving each person a clear and spedfic role within a well-understood information

processing structure;

(i)

by anticipating as many accident management deasions as possible in the planning
process.

Thus, real-ime, ad hoc dedsion making can be reserved for unexpected features of the
acddent These fundamentals form the basis for a further eight more specific prindples.

Structure

Lires of Authority ard responsibility should be clear and conrplete.

2.  Lwnes of commugicaton should be clear and conplete.
Information M anagerment
3. Actae mformation management should be trposed on all knes of cormerugacation
4,

Seperable operations should be kept separate, i separate Toorrs, with different operations

Aids to Indnidunls tn the Process

5.  Accdent managerrent staff should be selected to combine lechracal knowledye, dant faor-
barity and auailabitiby

6. Operuiors and cther decision mmakers shoudd be offered appropriate teerdwes for decisions

7.

Procedhgres should be transparent and unarmbiguous, even in accident situations

M anagerrent Under Uncertainty

8. Comyragications and procedures must be specifically desigred to help people Take decr
stons under extrerre urcertanty
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CONCLUSIONS

In addition to the prindples listed above, other general remarks can be made here in
smmary form

Sirrilcrity of A ccidents

A study of several non-nuclear accidents found that there are broad similariies in the
structure and development of major acddents. This is a very important finding, as the key
problem in planning for nuclear acadents is that they are extremely rare.

Information M anagerrent

A second conclusion is that inforrmation management plays a central role in acddent
management. The cues preceeding an accident rise out of a badground of inconsequential
fluctuations in performance. Their early identification, then, is a signal detection problem
Even after identification, the accddent management problem can be characterized as an informa-
tion processing problem: the attermpt to react appropriately to a very large amount of informa-
Gon in a short dme.

Planwing to Dedl with Urcertainty

The most basic and important conclusion arises frm a comparison of the accident at Three
Mile Island in the US, and the plans for nudear accidents in some European nations Current
plans do not appear to plan adequately for poorly understood, slowly developing accidents
where there is a great deal of uncertainty about the current and future status of the system
This is in part due to the fact that it is extremely difficult to plan for a rare event, and to verify
that the planning is adequate. Past accidents, seen through the lens of hindsight, are typically
studied as a well-structured series of events. Future accidents, as represented in drills, are typi-
cally represented again in a well-structured manner. An acual future acddent may well be ill-
structured and poorly understood. That uncertainty led to great difficultes in communications
and decision making.

Clearly, accident planing should help operators cope with uncertainty of the sort experi-
enced at TMI. Yet a study of past US and sorme European plans finds that they have been
based on the assurmption that a serious accident would be initisted by a recognizable and dis-
tinct event that gives, at least, a confident and low bound to the maximum release in the near
future. A cddents in those plans are charecterized in termns of doses, countermeasures are then
dictated at particular dose levels. The plans do not seem resilient to the confusion and uncer
tainty of a poorly understood accident. Past acdidents show that individuals have difficulties in
recognizing, comprehending, and deaing with an accdent, espedally so when a great deal of
uncertainty is involved A standardized language, all designed to help cope with uncertainty, is
required That esspect of nuclear acddent management does not appear to be adequately
addressed in the plans studied
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Cereral Swurrvmary

1t is possible to draw together certain conclusions which may be useful in the eventual
formulation of recomrmendations. To revert to the illustration of accidents laid out in the intro-
duction these latter would represent some of the ‘new norms' of Phase VI. In surmmary, the
conclusions are:

1

A caidents, nuclear or other, can be argued to have common characteristics and
structure.

This struchure allows certain comparative observations to be made, particarly with
respect to communications.

Effedlive, though appropriately limited, comrnunications are vital to the handling of
accident sithations.

The efficiency of the appropriale communications depends upon a complex of
factors—institutional and administrative, social and psychological.

Recognition that acddents may occur outside the preconceived band of possible
characteristics and struchures is necessary.

Use may be made of the TM] acddent experience to improve existing European
contingency plans In certain areas.
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PROCEDURAL AND ORGANIZATIONAL MEASURESTO
ASSIST OPERATIONS DURING AN ACCIDENT IN A
NUCLEAR PCW ER PLANT IN EUROPE

David Bull

John Lathrop
Joanne Lirnerooth
Craig Sinclair

I. INTRODUCTION

This paper is concermned with aspects of organizafion and procedure in nuclear acddent
management. 1n addressing this topic, recourse is made to the lessons learned from the more
general field of technologically derived acadents--sometimes referred to as man-made disasters.
This approach is valid for two reasons. Firstly, the rmajority of organizations which comprise
the infrastructure for management of acddents fromn outside the "boundary fence” are largely
identical for all accidents Secondly, a detailed study of a wide variety of technologically
disparate accidents has shown that a general evolutionary process associated with serious
acddents can be identified (Tumer 1978). Though no substantial case-record for major nudear
acadents exists to date, there is no a prior reason to suppose that nudear technology should
not show these sarne general features Indeed, the record of those few nuclear accidents which

have occurred, supports this hypothesis.

In the first part of this sbudy we analyze various phases nf accident evaluation and acddent
management. W e attermpt, in the second part, to point to some procedural and organizational

measures which are likely to be particularly important to operations during a nuclear acadent.
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For this purpose, we shall review existing European plans, making reference to the accident at
Three Mile Island (TM1) in the United States (US), in order to identify the roles of the
different groups involved. Special consideration will be given to the relationship between utility

operators and technically competent external bodies for the TM1 and other acdidents.

The Ewobution of A ccidents and Thewr M anagerrent

Current planning tends to atiribute a somewhat unique character to nudear accidents, pay-
ing perhaps too little attention to the fact that in the wider context of the technological world
cormmon features conspire from time to time to cause accidents. A broader, generic approach
to accidents should thus be instructive.

One important feature common perhaps to all technologies is that in acddent planning
and investigation, the engineer's thinking may dominate. Interpretations have been almost
exclusively technically oriented with only scant attention given to sodal and administrative
aspects.

Disasters other than those arisirg from natural forces or sabotage are not created over
night. It is rare that an individual, by virtue of a simple error can cause an acddent in a system
forrnerly believed to be relatively secure. Though the majority of examinations of the long-
terrn development of accidents have supposed them to originate in a bolt from the blue. A
recent examnination {Tumer 1978) of the origins of 86 man-made disasters stresses a broad con-

textual framework consisting of the following six phases:
--  anotionally normal starting point;
--  an incubation period;
-~  aprecipitaling event;

- the onset of effects or consequences;



--  rescue and salvage; and

- full systemic readjustment to the surprise assodated with the predpitating act.

These phases are illustrated in Figure 1. Of special interest is the beginning at point "a,”
which is where aberrant events begin to accumulate unnoticed. The incubation period ends at
'b,"” where a precipitating inddent produces a transformmation, revealing the latent underlying
structure. A stuation which had been presurmned to have one set of properties is now reveaied
as having different and additional properties A ttention is usually focused on the precipitating
event because of its imrnediate characteristics and consequences This makes it almost inevit-
able that the general perception of the aberrant events in the incubation period will be
modified. Yet, if appropriately sensitive monitoring devices and techniques are used, it may be
that sensory evidence of the incubation can be built up. Nonetheless, measures designed to
indicate the onset of an accident or to deal with its development will not provide help in antici-

pating latent faults.

To prevent accidents we need to be aware of the appropriate time of each point in the

Incubation network so that:
--  ambiguities can be darified,
—  information is not overooked;
~  information for controlling cornpiex situations is provided, and
- information neeced to foresee "unknown’ situations is at hand,

Unfortunately not all of these requirements can be wholly fulfilled. For this reason, during the
course of an acddent, it is necessary to adjust continuously for the discrepencies between what

the disaster plan envisaged and what 1s really happening.



A Need b Ezarrine the [rcubation Phase

A ccident inquires can be useful for establishing pattems of appropriate communication
and points for intervention. A uthorities making these inquiries are generally concermned with
the behavior of and decisions of individuals and organizations contributing to the event in ques-
tion as well as to the technical, sodal, and edministrative changes needed to prevent a
recurrence. However, recommendations resulting from these inquiries have often imposed
overy stringent and inoperable conditions on the institutions concerned. This has, in tum,

resulted [rom a failure to understand the Incubation Phase.

The problem of understanding the origins of accidents is essenfially that of identifying
events unanticipated by those pursuing orderly objectives. The problems of explaining the
events preceeding and surrounding accdents are those of accounting for biases and inadequa-
cies in habitual ways of dealing with information relating to the impending accident. General
recognition of the need for a new interpretation of the situation is usually produced by the
immediate physical characteristics of the predpitating event, which may be purely human or
purely technical (inactive)--as when an explosion, fire, or a arash occurs, or a component finally
breaks. Finally, the precipitating event has links with many of the causes of aberrant events in
the incubation period, since just as a positive organizational achievernent requires a chain of
correct acts and decisions if it is to be of any significence, a large accident requires an extensive
chain of errors. A simple error leading to a simpie accident is readily explicable, traceable, and
understandable; however, large-scale disruptions are usually not caused by a simple error but. by

an accurmulatior: of simple errors

A Need to Examine the Precipilating Fuents and
Resulting Effects Phases

This chain of precipitating errors indudes not only technical failures in information flows,
communication channels, organizetional structures and personnel motivations. A brief over

view of the general probiems is presented now. The remainder of this reporl will concentrate
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on the more specific problems involved in nudear-acciderit preparedness in the context of U.S.

and European experiences.
The first problem concerns the role of information in

accident assessment and response,

why it is not fully appredated or understood. Information may not be completely appreciated
because individuals, groups, or institutions have a false sense of security or vulnerability when
faced with danger signs. Pressure of work for other distractions draw their attention away from
the emerging signs of danger. They may distrust the source from which the warning comes.
They are sometimes decoyed into concentrating upon one property of a phenomenon and so
relegating its other features. Difficulties arise, too, in classifying the phenomenon and in dedd-
ing upon a suitable course of action. Plant operators may have difficulty in identifying the
information providing event amongst a mass of irrelevant material. Sometimes there is the
added difficulty of convincing those in power of the validity of the information. Frequerntly the

available information is not assembied in the appropriate form or place.

To assemble information which should pass among different organizations and institu-
tions use may have to be made of non-routine, non-institutional patterns of communication.
W here cormmrunication itself sets up barriers to the flow of information, these barriers may be
such that they make it impossible to stop the disaster occurring, Of course, it is impossible and
undesirable for everyone to comrmunicate everything to everyone else, but due attention must
be paid to the screens through which information flow is essentially filtered. It is espedally
important to recognize that, often, individuals are reluctant to admit the existence of a potential

accident situation.

A second general problem concerns the organization effidency of the responding institu-
tion Part of the eflectiveness of any organization lies in the way it is able to involve its
members with suffident similarity of approach, outlook and prionties to operate more efficienty
than would a group of unorganized individuals. Yet, there remains the danger of colledive
~ blinkers masking important issues, referred to by advocates of numerical risk analyses as "the

rogue event” When a pervesive and structured set of beliefs biases the knowledge and
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ignorance of an organization and its mernbers, these beliefs not only show up in the atftudes
and perceptions of those within the orgemization but they also affect the decisionrmaking pro-
cedures within the organization (Tumer 1978).

In general, at any point of possible inhibiting action, contradictory orders by individuals
could change the course of events Yet, it would be an over-simplification to think that the
accumulation of droumstances which preduce or inhibit acddents increases with the number of
individual actions Individuals are involved but there are not many isolated, unconstrained
individuals It is organizations that generally have a continuous role in disasters, and most of
the individuals concemed in the events which comprise the incubation network which are

operating in institutional roles.

Organizations atternpt to act rationally; but they can never be fully rational as this would
imply omniscience. Rather, organizations must settle for being intendedly rational; thus, ack-
nowledging bounds and limitations. They achieve concerted action by establishing and monitor-
ing agreement amongst their members that certain possibilities, issues and contingencies are
important and relevant to organizational dedsionmaking, while others may be ignored without
incurring official disapproval. For this reason, the possibility arises that those contingendies

which are ignored may tum out to be more hazardous than expected.

A further problem encounter=d in the accident-management realm is the mobility of the
responsible personnel to cope with a non-routine set of events By acddent definition,
managerment’s efforts to eliminate the hazard have failed. [t is faced with the immediate prob-
lemn of implementing the disester plan and monitoring and controlling the situation under aisis
conditions. D eficiencies of disaster plans constructed to meet the hypothetical emergency situa-
ion may become apparent, fordng the local manager to make rapid adjusuments and comrec-
tons

There is nothing intrinsically spedal about this type of management role; many organiza-
tions spedalize routinely in dealing with other peoples’ disasters, e.g., the Royal National Life-
boat Crganization in the UK, the Red A dair Organization, Fire Brigades, etc. Yet, the general

experience relates to acddents occurring infrequently but suffidently often that most managers
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will encounter minor crises routinely. Consider for example, the chemical or refining indus
tries, or the aidine industry where engine malfunctions are not routine but oceur with sufficent
regularity for pilots to be aware of the drill from first-hand experience. Though possible
remedies to this problem, such as staging mock drills or requiring that a highly-qualified scien-
tist be available for the unexpected major accident are discussed in a later section, it is worth
noting here that general experience in other industries indicates that the right man-on-the-spot
is one who has had past experience in ad hoc cormmand rather than a highly-qualified technolo-
gist.

Turning to the last, and perhaps most important, link in the chain of events leading to an
acddent, we shall look at the role of information. For discrepant events leading to a disaster to
acarmulate, they must go unnoticed or remain misunderstood. Though this is usually a result
of erroneous assumptions, past errors have also been neglected because complaints from non-

experts outside the orgenization were too readily disavowed as uninformed.

Discarepant events also go unnoticed or are misunderstood as a result of problems in han-
dling information in complex situations. There may be an oversupply of information, the cru-
cial messages may be concealed in a mass of noise or those handling the rriesssges may be busy
or preoccupied with other matters. There are further problems of obtaining adequate intelli-
gence, avoiding its dispatch to the wrong people, avoiding distraction in transmission, avoiding
the failure to operate on messages or to rely too heavily on informal networks. A chronic prob-
lem concems the individual in an organization who has received all the necessary information
about a problemn, but who fails to deal with it Since the redpient may be svrarnped with infor-
mation, those attempting to cormrrnunicate should beware of providing him with all the facts in
order to avoid the responsibility of being selective. This idea is a pre-requisite to a good
managerment structure even in non-crisis situations.

W here the informetion indicating an accident is completly unknown and unexpected, it is
clear that little can be done. Yet, in practice, disasters arising from such completely unknown

unsuspected sources seem to be very rare, particularly in the 20th century. In almost all ceses,
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the prior information exists somewhere. There is a clear need to explore the usefulness of
better search procedures. Planning documents, emergency procedures, reports of malfunctions.

accidents or inddents in similar plants or smilar technological situations elsewhere should be

dealt with, ranked and transmitted in a creative fashion.
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II. NUCLEAR ACCIDENT PHYSIOGNOMY

Having discussed the character of technological acddents in a general sense, we tumn to
exploring these concepts as they relate to the technology of nuclear power. In this section, we
develop two main concepts in terms which allow elucidation of the flow of information neces-

sary for adequate response to acddent conditions. These are:
1. D escription of the time sequence of a nuclear acddent in several phases; and

2.  Recognition of the several groups of individuals who are involved either by their
function in the normal management of eledricel power produdciion from nudear

fission or by their necessity to respond to particular accident features.

A's discussed in the general case above, in desaibing the unfolding of events constituting
an accident in the nudear field, "normal"’ operations (Phase I of Figure 1) consists of a series of
re-adjustinents by plant and operators to relatively minor deviafions from the presupposed and
designed flow of operation. The recognition of events which are the precursors of serious mal-
fundion of the whole process is done against the background of this minor readjustment pat-
tem. This fact is particularly important when considering the ideal response by the relevant
groups or organizations who will be involved. T hese groups will atternpt to control and contain
the disruptive elements in the processes and to mitigate the effects and retumn the system to its
initial course.

Because of this readjustrnent sequence, which was reviewed at greater length in the Intro-
dudion, or because the aberrant event is hidden within the operation pattern, the response of
either mechanism or operator is either non-existant, inadequate, or inopportune: thus the
Incubation Phase (see Figure 1). It follows that a fault sequehce is set in train. This sequence
may or may not, according to the natural laws governing the process, proceed towards an
undesired outcome: {e.g., the overheating of the reactor core, release of radio-active matcrial,
dispersion of this material, etc). This event may or rnay not be perceived by the opereting

staff.
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Again referring to Figure 1, the Predpitation Phase (Phase Il of the acddent} is gen-
erally characterized by a response of the mechanism or of the operating staff to the developing
situation. This response will occur with varying degrees of propriety and timeliness and will
modify to a greater or lesser degree the course and outcome of the incident. For the purposes
of describing appropriate overall response it is assumed that this predpitating or evolutionary
phase proceeds, with only secondary or minor modification, towards an undesired outcome.
The fourth phase of the nudear acddent is the apparent or explidt manifestation of the
acddent in terms of events external to the plant or process which menance the operation itself,
the plant itself or individuals within the plant boundaries or external to the boundaries. This is

termed the resulting-effects phase when referring to Figure 1.

Such typology allows us to develop a categorization of the involved groups as related to
the sequence of events. Their ideal, or moderately appropriate, response can then be sug-
gested. Typical periods for each of the phases can be derived from considerations of nudear
physics and engineering. For instance, a range of typical values suggested by the Intemational
Atomic Fnergy Agency (IAEA) are shown in Table 1. The kind and timing of information
flows between the involved groups can also be related to the timing of the events themselves

and to the possibilities afforded by the nature and location of the groups.

Within the organization owning and operating the plant certain groups can be defined.

These consist of:

(1) the plant staff, itself, responsible for norrnal operation and divided into those actu-

ally on duty and controlling the plart, and those available, but ofI-duty;
(i1) auxiliery or advisory stafl in each of these categories and

(iil) experienced steff in a headquarters, central or regional location, consisting of

designers, operation stafT and safety experts.

There are also groups externeal to the operator's organization, consisting of:



Table 1. Guidance on Initiation and D uration of Releese

PERIOD

TYPICAL RANGE

Time from the initiating event to
start of atmospheric. release

Time period over which radioactive
material may be. continuously
released ‘

Time at which major portion of
release may occur

Travel time for release
to exposure point
(time after release)

0.5 hour to
one day

0.5 hour to
several days

0.5 hour to 1 day
after start of
release

8 Km / 5 Mi / -
0.5 to 2 hours

16 Km / 10 Mi / -
1 to 4 hours

Source: IAEA

(1) similar categories of staff in analogous organizations,

(ii) design staff in the manufacturing cornpany, and

(iii) stalT in the regulatory authority with experience in the design, operator or safety

analytic field

In addition, there exists staffs in other relevant industries, having operational, design and safety
experience or having access to equipment and supplies Finally, there may be a relevant
category of professional staff with experience in the handling of emergency situations affecting
the general public, the general public themselvess, and the disserninatiors media. The involve-

ment of these groups can be characterized in terrns of their responsibility for:

(i) the response to the incident, either immediately within the plant or at longer terms

within the plant;
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(ii) the actions external to the plant; or

(iii) the cornmunication of the relevant information to those affected for their protection.
Information derived from the plant via the appropriate instrumentation either

-~ in plant;

- external to the plant; or

--  from the historical record;

must be interpreted by certain of the above groups, analyzed and disseminated via the appropri-
ate channels to other groups and finally acted upon by other authorities. In the relatively com-
plex connections of these groups @1d the level of information available at each stage of the evo-
lution of the accident there lies clearly the possibility of both appropriste and inappropriate
action. The degree of responsibility for interpretation, analysis, dissemination and remedial or
prophylactic action will vary over time and with the institutional arrangements in different
counlries.

The involvement of each group follows a pattem which depends upon: (a) dr
cumnstances, and (b) necessity and opportunity. The local staff are obviously involved immedi-
ately by the circumstances of the event and will probably remain one of the dominant actor
groups throughout. the inddent in as far as plant conditions are concemed. They should at least
begin with complete autonomy though this may be diluted if the incident develops seriously
and if rermedial safeguarding or salvaging actions are required further from the plant. A dvisory
stafl, locally or at headquarters, will become increasingly available. Expert knowledge and assis-
tance may be offered soon after the incident becomes known, but it may be that full use can be
made of this only at relatively late stages in the evolution of the incident In some respects,
the introduction of such assistance and advice will become a rnatter of judgrnent exercised by
central authorities in a similar way as the amount and kind of inforrmation offered to the dis-
semination media. Of oourse, the serial involvement of the various groups may in practice not

unfold as theoretically as it might be predicted.
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Thus, while such a desaiption has a useful role to play in organizing thoughts and opin-
ions on the ideal course of institutional response, as discussed in the Introduction, it obscures

certain vital issues. These indude:
(i) the difficulties of allowing for uncertainties in the analysis of incomplete information
(which in tum makes the timing of certain dedsions crudal};
(ii) the question of what level of information is useful to the nudear plan operator and

to the external bodies;
(iii) the level of autonorny that must be allowed to each of the actors;

(iv) the assumption in most emergency procedures of rational behavior by operators

under stress;

(v) the level of basic knowledge required by the press and others to interpret informa-
ton; and

(vi) the correct locus of deasion for major responses (particularly that of population eva-
cuation and the balancing of potential added nisks in executing emergency pro-

cedures external to the plant).

Though we began this secion with the premmise that much can be gained by viewing
nuclear accidents as having characteristics in cornmon with a broad range of natual and man-
made disasters, it is also importent to recognize that which is unique to nuclear accidents and

the reaction of the public to them.

There are several fundamental differences between nuclear and other accidents. They
stem in large measure from the historical accident of the use of atomic energy as a weapon. At
the same time the peculiar revulsion felt by the public for death frorn radiation is compounded
by a fear deriving from the insidious and unfelt nature of radiation and radicadive material.
Thus, the fact that radiation affects blood, gonaus and future generations give nudear death a
special place in the hierarchy of fears W hile it can no longer be claimed o be a "new" form of

acddent, the prominence it achieved at a point when many technological endeavors were under
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question, undoubtedly makes it special.

The need to antidpate effects when none are visible and the very nature of the faily com-
plex precautions that have been foreseen by the relevant and responsible authorities add to
public apprehension. The spedal nature of the public's response to nudear power has been
documented now for many years and only islated cases of calm responses to incdents are
recorded though these may be sufficiently numerous in a lean history of major inddents to give

SOme reassurance.

There exists a considerable body of literature (Bignell et al. 1977, Tumer 1978) dealing
with both on-site and off-site emergency planning. W hile not denying the usefulness of such
material, there is a distinct need to recognize the shortcomings of a response based upon essen-
tially theoretical ideas of behavior. In this report an attempt is made, using the above sche-
mata, to suggest improvernents in informational flows taking into account recent acadent
events and psychological experiments. W e recognize, however, the limitations of any atternpt

al. a comnprehensive view of disaster management with the present state of knowledge.
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III. RESPONSE TO A NUCLEAR ACCIDENT IN SELECTED EURO-
PEAN COUNTRIES

With this general background, we tum to a discussion of the plans for nuclear acddent.
management in various European countries. Specifically, we examine the emergency plans
recommended by the International A tomic Energy A gency (1979), with additional references to
plans of the Netherlands (Baas, et al. 1980), the United Kingdom (M atthews et al. 1580), and

the Federal Republic of G ermany (von Gadow 1980).

Response to a Precipitating £vent Phase

In the recent IJAEA document on "Planning for Off-Site Responsea to Radiation A ccidents
in Nuclear Fadlities’ it is stated thet the unequivocal responsibility for the initial assessment of
an accident situation at a nuclear facility rests with the operator. This individual is clearly in
the best position to make this initial assessment, given familiarity with the operation of the
plant and the engineered safety features. This document aso assigns the operator the responsi-
bility for initally predicting any ofl-site consequence of an accident, especially if the accident is
serious enough to warrant imely protective measures.

In the case of a release, the operator must predict the resulting off-site conditions by
estimating, as soon as possible, the direction, height, and dispersion of any radioactive plume
into off-site areas. These ofl-site conditions may occur immediately after the acddent or they
may be delayed for a period of time ranging from several rinutes to several hours. The esti-
mates regarding the plume, predictions of the potential radiation exposure of the population
and the possibiliies for contamination of the environment must be commnunicated to the
appropriate ofl-site authonties as early as practiceble by the fadlity operators so that the
appropriate emergency resporise can be initiated.

These general guidelines concerning the initial assessment of an acddent situalion are fol-

lowed by each of the three countries selected for study. An interesting example is the United
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Kingdom (UK) where the lines of authority are dearly delineated from the moment an emer
gency is encountered. The engineer on duty is responsible for alerting the plant officials of a
malfunction and/or resulting accident. If an emergency develops, the most senior officer in the
plant, usually the Staion M anager, would become the Emergency Controller with the responsi-
bility of initiating the emergency organization including an Emergency Health Physidst, an
Emergency Reactor Physicist and an Emergency A dministrative O fficer (each of whom is "on
call). All emergency adtions would then be directed by this teamn. The notable feature of this
organizational response is that in the event of an emergency, the responsibility for assessing the
extent of the acddent and recommending interventive measures is no longer exdusively that of
the operator, but that of a tearn of additional experts. If there is a more senior staff member
on duty, the shift change engineer can concentrate on his duties in the control room, leaving

the emergency organization to the Emergency Controller and his tearmn.

Response to The Resulting-Effects Phase

A fter the operator has recognized and assessed a potential or actual emergency situation,
the JAFA (1979) recornmends an interactive response between on-site and off-site authorities.
D epending on the seriousness of the accident, and thus the time available to take the necessary

interventive measures, this response might indude the following:
(i) activating on-site emergency tearns (fire, first aid, ete);
(ii) calling in outside expertise;
(iii) oollecting inforrmation conceming off-site radiation levels;

(iv) ealerting the off-site emergency response teams which would in turm inform the pub-

lic and initiate necessary precautions; and
(v) sounding the alarm indicating an acute emergenicy requiring immediate: action.

The aitical tasks for planning ar emergericy response include defining acddent seriousness,
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that is, dedding when to iniiate what response, and drawing lines of responsibility for making

the assessments and for carrying out the interventive actions.

A cddent D efinition
In the Netherlands a distinction is made among three broad accident classes:

(i) Accident Class 1: gaseous radioactive releases above the licensed limit are imminent

or taking place, but do not exceed 10 times the value of this limit

(ii) Accident Class 2 gaseous radioactive releases exceeding a value of 10 times the
licensed limit are imminent or taking place whereby the amount of releases can stili
be approximately estimated.

(iii) Accident Class 3: the unknown amount of redioactive releases, imminent or real, is
pointing in the direction of a major catastrophe.

In the case of Accident Class 1, the Nuclear Operator for the Netherlands Plant must
inform the local Mayor, the Nuclear Inspectorate, the Ministry of Social A ffairs and the
Regional In'specbor of Environmental Protection. In the case of a more serious accident, Class
2 or Class 3, the messege is transmitted to the Local Mayor, the Nuclear Inspectorate, the
Radiation D epartment and the Regional Alami Center. The A larmm Center sends the message

out to around 25 receiving points.

In some European countries emergency plans are oriented to Acddent Class 1 with an
assumption that there will be ample time between a release below 10 times the licensed limit

and a rmajor release. A coording to the IAEA (1979):

studies have indicated thet accdents at nudear power facilities which
have a potential for serious ofi-site effects, would be initiated by an event
recognizable to the fadlity operators and, that with early notification, a
period of time would be available for off-site authoriies to implement
protective measures prior to the start of a major release to the environ-
ment of the fadlity.
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A s a counterexample, in the United Kingdom all nudear power plants operated by the Central
Electriaty Generating Board and the South of Scotland Electricity Board, have a detailed emer-
gency plan 'that must be capable of dealing adequately with any feasible emergency situation
including those which may give rise to the release of radioactive material or the emissions of
ionizing radiations' (M atthews, et al. 1980). The most serious acddent considered 'feasible’ is
that of a fuel channel fire in a reactor with a fracture in one of the main coolant ducts. It is
expecdted that such an acadent, together with the resultant depressurization of the reactor,
would give rise to doses in excess of 1 Emergency Reference Level (ERL) to people within one
to one and half miles of the station {the planning zone has not been expanded for this type of
acddent).

The assigning of intervention levels based upon dose commitment is probably the rnost
highly debated issue in the subject of emergency planning. It is recognized by the IAEA that
these levels will depend on social, economic and demographic conditions of the various coun-
tries. Exarmples of intervention levels adopted by several European countries and the US are
published in the JAEA docurment. For example, the Federal Republic of Germany (FRG)
equates in sorne detail, dose levels with recommended interventive actions. In all cases, it is
significant that accidents are defined in terms of dose commitrnent; the importance of a techni-
cal and administrative apparatus for obtaining this data in the event of a nudlear emergency is
apparent. The possitilities for uncertainties, especially where the release is imminent but not

yet realized, is discussed in the next section.

Organization and Responsibility

The IAEA recommends that the operator of a nuclear facility set up an emergency
response group. This group should assume the leading role in the on-site emergency response
organizationy, particulady with regard to any liaison with the off-site orgionization. In the United
Kingdom, all emergency actions would be directed by an Emergency Tearn from an Emergency

Control Center located at the station administration block, backed up by a fully equipped center
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at a location off-site. A number of additional teams would be formed to respond to the emer
gency. Included are a Health Physics team treined to determine the extent of any off-site con-
tamination, a Fire tearn, a First-Aid teamn, an Incident A ssessment and Control team led by a
treined engineer with the task of making a rapid initial survey of the scene, and a Rescue team.
The Emergency tearn would receive all measurements of on-site and ofi-site radiation dose-
rates, contamination levels, etc.,, and would be equipped with several systems for communicat-
ing with outside authorities.

In the case of a nudear emergency there are two major responsibilities for off-site authori-
ties: to conduct off-site measurements of radiation levels, and to carry out interventive coun-
termeasures. In the early phases of an accident, the emissions and meteorological data from
the nuclear fadlity should be checked for consistency with the radiation levels measured on the
outdde. Itis, however, emphasized by the JAEA that the initial need to take protective meas-
ures should not await this assessment but should be based upon recommendations of the facil-
ity operator.

The IAEA document states that it is mandatory for off-site authorities to make arrange-
ments with the fadility operator to be provided with prediction of off-site consequences and
recormmendations for protective measures. The ultimate responsibility for teking these meas-
ures usually rests with the outside authorities—-with the M ayors of the affected munidpalities in
the Netherands, with Public Services in the United Kingdom, and with the local authorities in
the Federal Republic of Germany. The IAEA recomnmends that an off-site governmental
anthority should provide for an Emergency Response Organization that would ensure that the
necessary plans are prepared and that the responsible authority can carry out action in the case
of an emergency. Such orgenizations could indude the nuclear licensing authorities, the public
health, food and agricultural aumthorities, weather forecasting services, dvil defense police,
medical, hospital, end arnbulance services Again, in the United Kingdom, support arrange-
ments exast for providing additional help and advice, including regional emergency rooms and

headquarters, police, fire, and W elfare Services, Ministry of A griculture, Fisheries and Food,
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the A tomic Energy A uthority, and M eteorological Office. A comprehensive emergency plan for
police, fire, ambulance, and welfare services is produced by the county police and the local
authority, which is part of the broader plan for dealing with other disasters, e.g., flooding, fire,

and major transport accidents.

Communications

The JAEA suggests that procedures require formal admowledgements of orders and
reports A system for giving priority to emergency communications should be established. In
addition, the IAEA emphasiies the importance of ensuring that individuals and population
groups follow the instructions given by the emergency response personnel dealing with the
situation. No mention is made, however, of establishing a well-understood vocabulary for com-
municating the seriousness of the situation and for commmunicating these instrucions This
point was stressed in the work referred to earlier, collecting accident histories {Bignell et al.

1977, Turner 1979) in the Introduction.

In England and W ales there is a direct telephone link between the Emergency Control
Room and the Grid Control System for off-site organizations; a further direct telephone link
exists with the Public Relations Office, which has the function of issuing statements on the
situation in collaboration with the CEGB Headquarters Press Offices The CEGB would operite
a Nuclear Ernergency Information Room at both the regional and national levels In addition to
reserved telephone links with these organizations, there would be a VHF radio station which

would cover a wide area around the nuclear site.

To increase the chance that these emergency plans function smroothly, the UK. Nudear
Installalions Inspectorate requires that the nudear plant staff have a systematic training course
and that periodic emergency drills be perforrned. In addition, determined efforts are made to
keep the public informed of the plans. The most important means of ensuring this is through
the setting up of a Local Lisison Comrmmnittee represented by local inhabitants and organizations

and chaired by the Station M anager.
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The Netherlands also appear to have an adequate communication systerr, at least in terms
of the technological links. There exist cable and radio connecions induding a number of
reserved telephone lines. Again, however, no mention is made of developing unambiguous

language or code for ensuring that the human component of the systern functions adequately.

The Limitations

Though the recornmended plans of the JAEA, and the existing plans of the United King-
dom, the Netherlands, and the Feceral Republic of Germany, are admirable in their darity and
detuil, they suffer frorn two major flaws. In general, plans are designed to handle only one
type of acddent--a clearly defined release. Neither the slowly developing accident, where the
possibility of a major release is uncertain, nor the unexpected and immediate catastrophic

release are induded in any comprehensive way.

The second flaw is that inherent in the plans reviewed here, including the IA EA recom-
mendations, is the assumption that all procedures will work more or less simoothly. Thus, for
example, if emergency telephone lines exist between the Emergency Control Room and off-site
authorities, it is assumed that meaningful communications will be transmitted. Little thought is
given to the possible human problems. Will the operators disclose all the information? Will
they be able to forrmulate the problem in an understandable manner? To give another exarm-
ple, it is stated that the responsibility for the initial assessment of an accident lies with the
nuclear facdility operator. W hat if the operator panics? W hat if he or key persons on his staff
absent themselves? Of course, & will be impossible to devise emergency plans to comprehend
all of the "what ifs?", but the point here is that there is a clear lack of attention given to the

humean dimension of the emergency plans.

It is such problems which were highlighted by the TM 1 accident and to which we turn our
altention in the next sections. In the following section we will take a doser look at cornmumni-

cations between the operator and the outsicde world
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IV. LESSONSLEARNED FROM PREVIOUS ACCIDENTS

Lessons learmed from the TMI accident should be treated with caution as the next
accident will not be the same as TM 1, and the emergency organization of any European country
is importantly different from those organizations in the US. Yet, the TM! accident revealed a
type of nudear acddent not antidpated in the plans studied to date: a confusing, slowly
developing accident with resulting uncertainty about current and future plant status. This type
of accident could happen in a European country; thus, emergency plans should be designed to

handle such a occurrence.

Oryardzation

One of the most recurrent findings in the documents examined { President’'s Commission
1979; Rogovin 1979; US Nudear Regulatory Commission 1979ac) was the need for an
appropriate organization for the operator team. The operators must be presented with dear,
well-organized, and sareened information in a non-distracting environment, with a well-defined
chain of common information sources and sinks. The European authorities are better prepared

in this respect; yel, some insights can be gained from the US recommendations.

Separate O perators frorm Non-0O perator A ctivities

The operators should be able to concentrate on stabilizing the reactor and comprehending
the system status. Al other acddent management operations should be kept separate--
physically, acoustically, and organizationally (Rogoﬁn 1979). Here a lesson can be leamed
frorn the UK Emergency Response Plan where the lines of authority are clearly delineated from
the moment an ernergency is encountered. T here should be clear, screened lines of oral comr
municaiion, telemetry, autherity, and responsibility between the control room and two other

rooms:
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1.  Emergency Technical Support Center (ETSC): This center could be on-site (US
NRC 1979c), but in any case, would be out of the control room. All technical infor
mation would be telemetered and displayed in the ETSC, and copies of all updated
plant blueprints would be filed there. Technical experts would convene there to
assess plant status, forrmulate the next operation, etc., leaving the operators undis-
tracted to perform current operations. In the UK, this corresponds to the Emer
gency Control Room.

2. Emergency Operational Support Center (EOSC): This center, which would be on-
site,is where various teams of experts, workers, etc, report for duty to be dispatched
on particular missions (US NRC 1979c). There is no separate room for this func-

tion in the UK plans; all tearns report to the Emergency Control Roorm.

Information

In the words of the Rogovin Report conceming TM 1:

The inability of the utility’s management to comprehend the severity of
the acddent and comminicate it to the NRC and the public was a serious
failure of the company’s managernent... M oreover, NRC and Babeock &
Wilcox employees in the control roomm also did not recognize or com-
municate aitical informmation. And their offsite organizalions did no
better, and perhaps worse than the utility’s offsite engineers at GPU in
New Jersey in demanding reporting of important information and in
recognizing the significance of the information that they did receive. The
.. NRC and B&W did no better than M et Ed/GPU in reporting critical
infromation up the managerment chain and ading upon it....

Clearly cornmunications were a serious problern at TMI, largely because the plant status was
not well understood. There were no summary descriptors that could be used to describe the
technical situation. On this subject, most of the lessons and recommendations induded in the
Kemeny (President’s Commission 1979) and Rogovin (1979) reports were particular to the US
- organizations involved The following general iessons can, however, be gleaned from the

reports.
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(i) Information sources should be clearly spedfied, including who collects what infor-
mation on-site and off-site as well as who coordinates off-site data collection activi-
ties

(i) Information dissermination to off-site agencies and the media should be clearly
spedified and conducted by appropriately trained people. The European plans seem
espedally weak in this regard. At TMI, the appropriate source of information to the
media was the utility. However, the uncertain plant status and the lack of appropri-
ate training for the utility spokesperson combined to produce a serious loss of credi-
bility for the utility. A s a result, special information dissemination measures had to

be taken on an ad hoc basis. A n informationdissemination plan should specify:

—  who describes plant status to the dissemination mediz;

--  who gives background, semi-technical, and technical briefings to the media
and

-- who gives accddent manatement information to government authorities
(Presidents Commmission 1979).

(iii) The people involved should be appropriately trained. That is,

--  briefers should be good at explaining the accident situalion in non-technicel
language and at expressing degrees of uncertainty and

--  rmedia representatives should understand the technical concepts involved,

should understand probabilities, and should be able to explain these concepts

dearly and accurately (President's Cormmission 1979).

These points are germane to the discussion of al types of serious accidents. The communica-
tions between the operator and outside authorities are problernatic, and we shali cover them in

more detail in the next section.
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Lines of Responsibility W ithin the O perator Team

The concept of keeping operator and non-operator activities separate applies as well to the

operator tearm. Lines of responsibility should be dearly laid out, including the lines between

the following two staff personnel (US NRC 197%):

(1)

(i)

Shift Supervisor. The Shift Supervisor (Station M anager—-UK) should not become
involved with each operation; rather, he should keep an overview on the develop-
ments. A ny administrative duties, whether routine or emergency, should be shifted
away from him to outside the control room. A dearly spedfied successor should

take over when the Supervisor is absent from the control room.

Shift Technical Advisor The Shift Technical Advisor (Emergency Reactor
Physicist--UK) should be as close as possible to that person whom the Rogovin
Commission could not find in the US system: a person combining highly technical

expertise with plant familiarity.

Many of the above organizeational measures presume a long-term accident such as the one

at TMI. Yet these measures must not be taken in such a way as to degrade the effectiveness

of ernergency operations in the case of a short-terrn acddent.

Persormel

The Rogovin Report (1979) suggests appropriate people to have in various positions in

the plant organization. Since this consideration has been discussed in detal elsewhere, it will

not be dealt with here except to point out that particular roles for mernbers of the US NRC

(1979b) have been proposed. A rmong these possible roles are:

an NRC technical man to be in the control room at all timess;
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- an NRC technical person to be in the control room at all imes and in the chain of
command;
- an NRC resident inspector to be on site at all times; and

—  an NRC senior person on standby to be flown in.

Procedures

TM 1 presented a dear need for unambiguous emergency procedures to deal with abnormal
operations and a poorly understood plant status. A s mentioned above, at the TM I hearing, the
operators argued more thean half an hour over the question of which actions had been called for
by a particular procedure. Emergency procedures must be clearly defined, even in the face of

great uncertainty (US NRC 1979b).

M cnterirang Preparedness

A central problem in emergency planning is maintaining operator preparedness (Otway et
al. 1980). One solution often mentioned is the use of improved simulalor training and of
repeated simulator experience, designed to include accidents involving multiple causes, complex
transients, and long-term developments (Rogovin 1979). A nother measure is plant drills for
the same types of accidents, with dosely watched operator performance and operator rewards

for good performance (US NRC 1979b).
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V. COMMUNICATIONS BETW EEN THE OPERATOR AND TEE
OUTSIDE WCRLD: THROUGE THE CONTROL ROOM WALL

A's discussed in the above section, the cormmunication links between the operators in the
control room and those outside are critical to the smooth functioning of the emergency
response. In this section the problem is discussed in detzil, induding an analysis of the techni-
cal sources the operators call upon for assistance and the government authorities that depend
upon the operator team as a source of information for their acddent management decisions.
These are chosen at focal points because analyses of the experience at Three M ile Island indi-
cate that communication was a central problem and because Furopean plans also appear weak in
this regard The report on the investigation by the U.S. NRC's Office of Inspection and
Enforcement (1979a) concluded:

The provision of substantive technical support to the management team

directing emergency actions on operational matters suffered primarily as a
result of comrmunication difficulties This was evidenced in three ways:

1. Information (data and plans) transmitted to off-site support, which had been
hurriedly mobilized, suffered from time delays. Thus, the off-site groups were
desaling with limited historical data.

The individuals providing data to offsite groups had concurrent duties pertain-
ing to the management of the emergency. The emergency duties always took
precedence as would be appropriate.

3. The physical commmumnications facilities were inadequate to handle the volume
of information requests and transmittals that this kind of accident required.

IS

With the exception of the first problem, the European countries reviewed are reportedly
better prepared to meet these difficulties. Yet, the US NRC report. (1979a) cites as a reason
for the above problems the fact thal emergency planning was geared to those major accidents
where events ocour very quickly--as are thie European plans. It may be, then, that in these
countries lines of duty are not so well defined and comumunications are possibly not adequate
for the slowly developing accident At TMI this orientation led to a lack of emphasis on
mechanisms to mobilize and commumnicate with off-site personnel. W hile it is likely that the
next nudear accident will not be like TMI, and while there are important, differencss in emer-

gency organizations between the US and European countries, the fact rernains that the role of
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the operator in emergency operations may be determined by the communications links, and
those links should be examined for their effectiveness in the unexpected acadent type

discovered at TMI: a confusing, slowly-developing acdident

Cormrmuricatiors uith. Techrdcal Sowrces:
Information Source for the O perator Team

Types of Expertise

There are several types of technical resource people who may be useful in acddent
management. However, selection procedures should respond to the problem presented in the
Rogovin (1979) review of the TMI accident: what is desired is one person with both great
technical expertise and complete day-to-day familiarity with the plant, yet few people exist with
both of those characteristics. This applies as well to European operations For example, in the
UK, how capable is the engineer on duty, who is probably farmiliar with the plant, in handling a
confusing TM | situation? It follows that the technical support team should combine technical
experts with plant-familiar people in a form condudve to good collaboration. Six categories of
experts can be identified:

—  plant operator { engineer on duty);

--  plant designer;

- vendor,

-~ industry;

- licensing agerncy;

—  national energy laboratory stafi.
Each of these types has differing strengths in plant familiarity and technical expertise. Details
of those relative strengths vary from country to country; in some countries two or more

calegories can be grouped into one as, for exarriple, the case of only one vendor and one utility
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cormpany in a nation's nuclear power industry. Since both plant familiarity and technical exper
tise are valuable, no one category of expert dominates in its usefulness.

The expert categories also differ importantly in their availability. Plant experts can be
on-sile at all times, or on call within a short time. Other experts may be immediately accessible
only by telephone, though continuously manned off-site technical support centers, linked by
telemetry, could also be envisaged. Telephone calls can involve long delays. Flying in experts
involves even longer delays. Thus, the selection of experts to be part of a technical support
group rmust be tempered by the compromise between level of expertise, delay in availability,
and cost and feasibility of maintaining stand-by expertise.

The IAFA recommendations for emergency plans do not assign a role to off-site exper
tise: "the unequivocal responsibility for the initial assessrment of the accident situation at the
facility rests with the operator’ (1979, p.41). Once more, it is assumed that the accident can be
defined as a dearly recognizable release, where the; operator, with the use of meteorological
data, can predict the off-site consequences. There is no mention of an uncertain development
with a potential release, where the operator, himself, may not understand the developing situa-

tion.

Problemns in Communicaticns with Technical Sources

Apat from the problems of selecting and maintaining the availability of techracal support.
staff, there are general problems of comrnunication between them and the operator team. The

most important of these problerns are listed below.

Operator Resislance

There are several reasons why the contro! room crew may fail to cormrmunicate to the out-

side world as cffectively as it should These incude:
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(i)

(iv)
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Technical Facdors: As Rogovin (1979) states "A number of factors...could have
accounted for the failure of the control room crew to communicate criical informa-
tion. These include the inability to recognize and comprehend the full significance

of the information...";

Psychological Factors (Continuing the above paragraph:) "..and certain psychologi-

cal factors
-~ the difficuity of accepling a completely unexpected situation,

- the fear of believing that the situation was as bad as the instruments suggested,

and

--  astrong desire to focus on getting the reactor stable again rather than dwelling

on the severily of the acddent.”

Procedural Factors: The control room arew can be overcome by complex procedures
so that it cannot communicate conscientiously with outside support The Kerneny
Report {President's Commission 1979) cites a point during the hearings subsequent
to the acddent where the operetors argued for rmore than half an hour about the
appropriate action called for by a written procedure. Such problems arose repeatedly
during the TMI acddent. According to this report, these difficulties were often
caused by written procedures that assumed either normal system status, near-
normal systern status, or at least a situation where the operators understand the sys-
tern status. This is true for the European plans as well. None of these conditions

held at TMI; it was often not dear how to follow a written procedure.

Incentive Factors As noted before, the operators must detect an accident situation
from indicators rising from the noise of normal operations--to ensure the best
management of the accident and to leave most time for implementing any necessary
countermeasures, that detection should be timely. From this perspective, accident
detection can be treated as a dassical signal detection problem, where the "trigger

point” is the threshold value of the status indicators at which the operators decide to
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notify off-site experts or authorities. The rewards for correctly detecting an acddent
or comreclly remaining silent when there is none are offset by the relative costs of
missing (or delaying notification of) an actual accident (missed positive) or dedaring
an acddent when in fact there is none (false alarm). Unfortunately, the rewards and
punishments to the operator for false alarms, missed positives, and correct actions
do not always match the social costs and benefits. For example, an operator who
faces possible ridicule and diminished cﬁreer prospects if he sounds a false alam
could set a higher accident-detection threshold than is sodally desirable. He would
be more apt to miss (or delay detection of) an actual accident than he should be.
This problem is not unigue to the field of nudear safety. Any operator responsible
for the iives of others, from an airline pilot to a ship captain, cannot be counted on
to take the socially best action unless his personal incentives are made to correspond

to the sodal costs and benefits of his decision.

Delays

The problem of delays in communication was first raised above as a consideration in deci-
sions concerning the maintenance of routine availability of technical support personnel. In
addition, acddent-management commmunication must deal with the delays where they have not
been removed from the systern The TM1 acddent showed that it is easy to underestirnate the
delay in communication. D uring discussion on this topic at a recent 11A SA workshop { 1980), it
emerged that an important phone call in the Federal Republic of Germany emergency exercise
took two minutes to complete. A representative of the US N udear Regulatory Commmissdon
responded that similar phone calls during the TM 1 incident often took forty-five minutes! The
reason given was the receiving person typically refused to act on the message, but rather asked
large numbers of questions to gain background inforrmationn The sarne person cormmented on
the great deal of time it took to locate people, transport them to the site, then brief them fully

on the current situation. Because the FRG drills did not indude a confusing accident, where
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the plant status is not easily describable, in fact not sufficiently known, these long delays were
not in evidence during the drills reported in the 1980 IIASA workshop sesson. This problem
of preparing for a confusing accident will come up repeatedly, and will become a focus for our

recommendations.

Since acddent management often cannot afford to wait for the appropriate experi or
desired calculation, the problem of delays in comrminication gives rise to the need to make
decisions in the face of great uncertainty. Planning for decisonmaking under uncertainty is not
adequately addressed in the emergency plans studied to date. The plans reviewed in Section II1
are oriented toward well-understood acddents, where decisions can readily be made because the
current and future status of the systern is well known. Such plans are not adequate preparation

for operators making decisions in the confusion of an accident such as that at TM 1.

Signal-to-N oise Ratio

A nother difficulty with communications is brought about by the volume of messages pass-
ing back and forth in a confusing accident such as the one at TM1. The acknowledgement and
retrievable storsge of information can fully tax the mental resources of the operator tearm. In
the welter of information, the important indicators can be lost. This gives rise to the need for a
mechanisin to screen the information before it reaches the dedsionmeakers. Several suggesﬁéns
for the solution to this problem were presented in the previous sedtion, where we discussed the

lessons learned from TM 1.

Limited Usefulness of Technical Support

It is templing to assume that once technically excellent minds are on the job, uncertainty
will be dispelled and the accident will be managed with full understanding. Unfortunately, the
experience at TM I shows that even with extensive expert technical consultation over hours and

days of deliberation, a great deal of uncertainty in system status persisted. Though it took orty
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a phone conversation with a Babcock and W ilcox engineer to find out that a block valve should
be closed, this discovery took place two hours and twenty minutes after the accident began--
after extensive consultation with seversl technical sources. Severul key areas of misunderstarwiing
or lack of wnderstanding persisted for days at TMI, even with a veritable arrmy of America's best

techracal minds assembled ot the site.

The D edsions Required

A great deal can be said about the problems of on-site, off-site communications networks
in nuclear accdident managerment; however, in keeping with the scope of this research projed,
this discussion is limited to the role the operator team should play in that network The best
way to structure the problem is to characterize the decisions required, then set out how the
operator team should input into those dedsions. In the case of nudear accidents, the dedsions
made by government authorities indude both the choice of which countermeasures to imple-
ment (shelter, evacuation, thyroid blodkers, warning, no action) as well as the choice of where
it should be irnplemented (radius, sector). Table 2 shows the applicability of these measures as
proposed by intemational authorities (IAEA 1979). Risks and costs are assodated with imple-
menting a countermeasure whether or not a release occurs, just as there are risks for not imple-
menting countermeasures if a release does occur. Thus, the dedsion to order a counterrneasure

involves a balandng of social and political risks and costs.

Key Agents iny the D ecision

The nature of the informeation problem becornes dear when the agents to the decision are

listed:

. Technical Experts The technical experts have the best appreriaion for the plant
status, including the hazards involved in the current. and possible future status of the

plant. However, the technical experts have no sodal or legal authornity to make the
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sodal risk tradeofIs necessary for any decision invoking countermeasures.

2. Government A uthoriiess The government authorities have the legal power to make
the social risk tradeofls for countermeasure decisions. These tradeoffs may involve
political factors and other considerastions such as non-technical aspects of the
weather. If it is a nice spring day, the political consequences of an unnecessary eva
cuation will be quite different from those consequences of evacuating on a freezing-
blizzard day. Since govemment authorities are generally not technical astute, they

cannot have the sarme apprecdation of the hazard situation as technical experts.

Communication of Plant Status

In an earlier section, we discussed the problems of communicating with technical sources.
In this section, we tum to one of the most critical areas of accident response, assessing and

cormmunicating the severity of the acadent or the status of the plant.

[t is usuelly assumex] that an accident can be defined in terms of a release; the operator's
duty is to assess the severity of this release and with this information the responsible authorities
can order the appropriate countermeasures. The US Protection Action Guides (PAG), linking

release to countermeasure, are given in Table 3.

It is important that neither the guides presented in this table nor those recommended by
the FRG (see Table 4) would help an operator faced with the situation encountered at TM],
where a hydrogen bubble was discovered in the core. For some tirne, nobedy could predict
whether this bubble would or would not burn or explode, leading to a possible major release
with no warning. It is unimportant. that. it was later calculated that the bubble could ot have
bumed. The point is that at one tirne all thal: some accident management people knew was that
there was a hyrdogen bubble which might cause a major release without waming. A PAG

based on a projected dose was of little or no help to the dedsionmaleers.

This acddent shows that countermeasure decisions may have to be made in the face of

great uncertainty. The critical question which has not been addressed is how the operator can

communicate this uncertainty. In the words of the President of General Public Utilities, the



Table 2. A pplicability of Protective M easures.

Phase
Protective measure
Early Intermediate Late

Sheltering - o -
Radioprotective prophylaxis - * -
Control of access and egress - Lt .
Bvacuation - .- -
Personal protective methods . . -
Decontaaination of persons hd o .
Medical care . - : .
Diversion of food and

water supplies - - -
Use of stored animal feed - e i e
Decontamination of areas - - -
#* applicable and possibly essential

®* applicable

-~ not applicable or df limited application

|

NOTE: Although the protective measure of removing domestic animals in the food
chain froa pasture and putting them on stored animal feed is not an immediate
protective measurs beneficial to humans, nevertheless. if the situation
warrants, the earlier the animals are put on stored feed the greater may
‘be the dose savings at a later point when animal products begin to enter
the food chain.

Source: IAEA



Table 3. Recomnmended U.S Protective A ctions G uide to Reduce W hole Body
and Thyroid D ose from Exposure to a G aseous Plume
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Projected Dose (Rea) to
the Population

Recocmended Actions(a)

Comments

¥hole body <1

No planned protective actions.(bd)
State may issue an advisory to seek shelter and await

Previocualy recoamended
protective aotions may

Control mccess. .

Thyroid <5 further instructions. be reconsidersd or
Monitor environmental radiation levels, terminasted.
¥hole body 1 to <5 Seex shelter as a za2inimum. If constraints exist,
Consider evacuation. Evacuate unless constraints aake special consideration
Thyroid S to <25 it impractical. should be given for
: Monitor environsental radiation levsla. svacuation of children
Contrel access. and pregnant wosen.
Whole bady S and above Conduct mandatory evacuation. Seeking shelter would t
Monitor environmental radiation levels and sdjust area an slternative Lf
Thyroid 25 and above for sandatory svacuation based on these levals. evacuation were not

immediately poseidle.

Projected Dose (Rea) to
Energency Teas VWorkers

Whole bdody r]

Thyroid 125

Contrul exposure of emergency teaa cembers to these
levels except for lifesaving missjons. (Appropriate
controls for esergency workers, include time
limitations, respirators, and stable iodine.)

Whole body ™

Control exjposure of emergency tsas members psrforming
11fesaving missions to this level. (Control of time
of exposure vill be most effective.)

Although respirators er
stable fiodine should be
used vhere eflfective S¢
ocontrol dose to
emergency taas worikers,
thyroid doss may not be
a limiting faotor fer
lifesaving alsaicns.

(‘):l'nau actions ars recommendad for planning purposes. Protsotive aotion dooisidn.l at the time of the incident
mst taks existing conditions into conaldseratiom. .

(e the time ot the inmqident, offiolals say isplement low-impect protective aotions in keeping with the
prinoipla of maintsining radiation exposures as low a3 reasonabdly schisvable.

Source:

U.S. Environmental Protection Agency.



Table 4. Reoorrmended FRG Emergency Referznce Leveis and
Protective Action Levels. (Levels of D ose)

Fhold body, Bone marrow, Conads, Uterus ' 5 rem
Skin, Bone. (Endosteal tissue) 30 rem
Fandl and Peet (Skin included) 60 ren
bh;roid, ;%y other organ or tissue 15 rea

The Radiation Protection Ordinance dated from 13 October 1976
specifies the following design basis accident levels of dose (dose
comnitment ) to apply to members of the general pcpulation, which

nowadays are considered as emergency reference levels too:

In case of an incident or accident, which causes these reference

levels of dose or makes them imnminent, a disaster alert shall be given.

Below thess levela there is no need to ixjalement immediate measures

to protect the population itself,
Above the levels there are action levels belonging to certain actions,

It rmust be emphasized, that the appropriate protective actions cannot
be decided solely on the basis of fixed action levels; it is also
peceesary to consider the situation, the probable development of the
aituation, the phame of the accident and the practicability and

efficiency of instituting countermeasures at the given circumstances.

Source: IAEA.
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owners of the Three Mile Island plant:

In this regard it is my impression that the most important thing is for the
plant, the management, the regulator, and civil authorites to pre-estalish
a set of critical parameters which will be the basis for reportin plant status
and assessment of potential for public impact. (Dieckamp 1979).

In the remainder of this section, we will be concemed with the development of the notion of a

set of parameters which could be the besis for reporting an uncertain plant status.

A Suggestion for Irrproving Cormerurdcations

Part of the philosophy of emergency procedure design and acddent prevention should be
based upon past experience. Though every effort should be made to prevent recurrence of past
acddents, it would be inesponsib].e to acknowledge that not every failure which is a postiori
obvious could have been obvicus a priori New regulations sterrmming frormn past experience
tend to deal with a well-structured problem defined and revealed by the acddent, rather than

the ill-structured problem existing before the event.

Because the situation before the event is often ill-structured, afirst priorty is to counteract
the problem of inforrmation overioad on the operator. For this purpose, acddent management
information could be ranked and screened so that only the most important and appropriate
information gets to the operalor teamn, with the rest of the information shunted to data record-
ers and support groups in different rooms In part, these considerations should be dealt with by
those working on instrumentation systems. In addition, it is important to renk and to screen

acd dent- managerment information that is not collected via the instruments.

A second problem introduced above, and to which we turm our atlention for the
remainder of this section, is that of coping with a poorly structured and uncertain situation.

How does the operator convey an uncertain plant status to outside authorities?

The D evelopment of a Standard 1.anguage Systern
One possibility suggested by a growing school of thought on the

use of probabilistic infor-
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mation, is to train the operator in the use of subjective probability. Ideally, the operator or

technical experts could express their state of knowledge conceming plant or accident status in

termns of a set of subjective probabilities. The govemment authorities could, in burmn, be briefed

on the use of these probabilities, spedfically in how they translate into action. In this regard,

one could imagine a tabie, such as Table 5, relating probabilistic numbers to countermeéasures.

This table should be contrasted with the language of the US PAG's (see Table 3).

Table 5. Probabilistic Inforrnation on Present and

Future Dose Releases
3 - - u - . 8 hr-
time periods 1/2 hr. 1 hr 2 hr hr
Prob. max dose > 10R (%) .5 1 1 5 1
prob. max dose > 1R (%) 1 5 5 10 5
shelter evac. evac. evac. evac.
max. possible and to to to to
counter measures: KI x1km x2km. x3km xukm

This scheme, sirrple enough on paper, would probably not work in an accident situation.
There are two important reasons for this:
(i) in the midst of an accident, the operator team probably could not meaningfully set
subjective probabilities; and

(it) even with the help of a guideline, government authonties cannot be expected to
understand and be conrfortable enough with subjective probabilities to combine such

informalion appropridately with sodal and political value informablon to come to an

appropriate countermeasure dedsion.
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Taking this idea a few steps further, this pre-determined language could have as a vocabulary,
not probabilities, but simple key- words or colors ("condition red”) or numbers. These key-
words could be associated with, say, from three to ten standard paragrephs, denoted by fPl.
P} or simply {P}, with the higher index values denoting paregraphs describing more hazardous
situations

W hile in the following discussion the language will always be referred to as being used by
the operator or operator-tearn, in a longer-termn accident, the responsibility for determining the

appropriate paragraph could shift to the ETSC.

Regquirements, A spects of the Standard Language

Ideally the Standard Language Systemn (SLS) would induce the operstor to move from
very coarse aspects of systemn status to a particular parsgraph. For this purpose, the mapping
from system status to paragraph must be unambiguous The operator could then be held liable
if, for instance, he transmits a particular plant status, P2. when it was unambiguously PB‘ since
post-acddent hearings could reasonably deterrmine that he should have used P3. The SLS also
relieves the operator of somme of his responsibility, in that he can refer to the mapping guirle-

lines using the SLS, he is called upon to exercise his judgment less.

Ideally, the SLS would dso induce the government authority to act upon the paragraph
received with a particular countermeasure. Given the paragraph received and extenuating cir-
cumnstances, the authority rmust feel that only one or two countermeasures could be justified in
post-acddent hearings. The authority is also relieved of some of its responsibility, since it can

cite the parsgraph given as partial justification of the decision.

Benefits of the Standard Language System

The above, however, cill for the SLS to have an unambiguous mapping from systermn

status to paragraph and a reasonably clear mapping from paregraph and extenuating
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circumstances to particular countermeasure. This reises the possibility of a more direct
language, mapping straight from status to countermeasure. Yet an intermediate nature for the
SLS is judged preferable to a more direct language, chiefly because it divides responsibility
between the operator and the government authority in an advantageous way. This division of
the intermediate SL.S leaves the operator with a relatively technical judgement and thus less
prone to bias his estimate in the light of potential non-technical consequences. Conversely, the
government authority, left with a relaively non-technical judgment, is able to bring in other

considerations (politics, weather), in a deanly structured way.

The SLS allows the structured "pre-digestion of very difficult judgements and dedsions
that could not be made well in the heat of an accident. The net effect would be to decrease ad
hoc human judgments in accident management, replacing them with more @efuﬂy considered
judgments.

The SLS would provide an appropriste avenue for openness, and so would help prevent
the loss of credibility that so complicated the TM | accident. Finally, the SLS would build into
the acddent management system a pre-deterrnined means of desaribing and reacting to a very

uncertain plant status, both current and future.

Difficulties in D eveloping the Standard Language Systemn
Some of the major difficulties encountered in the development of the SLS are as follows:

1. Operator Stress: The operator will be under severe stress and some distraction in
the course of an acddent, so the mapping from system parameters to paregrephs

must be kept simple, and use only coarse system parameters.

0

Novel Accidents No new accident is like any pest acddent; thus, the T acddent
was not expected None of the pre-determined acadent alarm levels was exceeded
during the course of events. It follows that the mapping frorn system paremeters to

paregraphs must. be kept genersl
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Size of Language Vocabulary: The choice of the number of paragrephs to include in
the SLS involves a difficult balance: the greater the number of paragraphs, the more
guidance given to the government authority. But at the number of paragraphs

increases, the more difficult will be the operators task of choosing among them.

Phrases Used in the Paragraph: The wording of the paragraphs determines the rela-
tive difficulty of mapping from systemn parameters to paragraph versus mapping from
paragraph to action. Paragraphs worded in systemrrstatus terms are easy for the
operzator to seled, but are difficult for the authority to use. Altematively, paragraphs
worded in countermeasure terms are difficuit for the operator to select, but are easy
for the authority to use. Ideslly, the paragraphs should be worded in terms of

present and future hazard, capturing the information contained in Table 5.

Paragraph to Action Mapping: The guidelines for matching countermeasure action
with system-status as set out in the paragraphs cannot be set by the technologists
done. The govermrnent authorities also have a responsibility to participate, since a
mapping must involve social value judgments that only they can make. These
guidelines should be periodically thought through with the relevant government

authorities in the course of maintaining preparedness for an accident.
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V1. PRINCIPLES FOR ASSISTING NUCLEAR ACCIDENT
MANAGEMENT OPERATIONS

This section presents the basic prindple points to be followed in planning for nudear
acddent management that can be gleaned from the preceding sections. They are viewed from
the perspective of the operator. The prindple that underlies all the others is that all planning
efforts should be directed toward redudng the information processing load carried by each per-
son involved in managing an accident. A lesson learned from previous accidents is that there is
a very large amount of information requiring rapid and appropriate response. The individual
inforrnation processing load can be reduced substantially by two planning measures:

(i) by giving each person a clear and spedfic role within a well-understood information

processing struchure;

(ii) by anticipating as many accident management dedsions as possible in the planning

process.
Thus, real-time, ad hoc dedsion making can be reserved for unexpected features of the
acddent. These fundamentals form the basis for a further eight more spedfic principles.
Because they are covered in more detail in previous sections, they are only identified and briefly

explained here.

Structure

1. Lines of Avthority ard responsibility should be clear and complete.

There are several operations going on simultanecusly in the course of a nuclear acddent.
In addition to immediate attention to the reactor, other operations indude acddent assessment
and prediction, technical spport, considerations of offsite: countermeasures, decisons on and
execution of countermeasures, and information management and dissemination. The individual

and the agency responsible for specific operations should be made clear in accddent management



plans.

2. Lines of cormmumicalon shovdd be clear and conrplete.
Information sources, dissemination links, and sinks should be deany laid out, specifying
who is responsible for what information where, to whom that information is to be delivered,

with what screening, and with what training required.

Information M anagemert

3 A ctwe informmation managerrerd shoudd be wrposed on all ires of cormeruaucation

The pervasive problern in acddent management is one of signal-to-noise ratio: picking
the important facts from a welter of information. Planning for each line of communication,
then, should indude procedures for screening and ranking information, and chanellng it to

non-distracted decision makers.

4. Sepmruble operations should be kept separate, in separute roorrs, with different operations
There are distinct operations involved in accident management, as listed above. The
onsite operations ca be categorized into reactor operations, technica bad<up-overview, and
administralive operations. FEach of these should be handled by separate teams of people,
separated from the others spatially, acoustically, and operationaly, with carefully screened lines

of intercormmmunication.
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Ads to Indisichuaals 1 the Process

5. Accident managerment staff should be selected to combine techrical knouledge, plant fant
Vit ol cuclabiit
Because individuals possess ideal levels of all three quulities listed, teamns of people for

each operation must be selected to get the combination of qualities required.

6.  Operators and other decision rakers shoud be offered appropriate tncerdives for decisions.

Ordinary personal rewards, penalties for sounding false alarms, missing cues, or correctly
responding may not correspond to the social costs and benefits involved. Such incentives
should be adjusted, in ways very dear to the decision makers, to ensure that corrective meas-

ures correspond to the public interest This prindple extends to drills, where operators should

be dearly and strongly rewarded for appropriate performances.

7.  Procedhres should be fransparent and unambiguous even th accident situations.
This prinaple is difficult to put into practice, because acAdents can involve unanticipated
systern behavior. One solution to this problem is to have a set of unambiguous fall-back pro-

cedures for use in response to anomalous sets of signals.

M anaggerrent Undder Uncertainty

8. Comrruications and procedures mrust be specifically desigred to help people make dect

sions wder extrerre unceriamnty
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In the course of a peorly understood acadent, cne of the key problems can be conveying
the uncertain reactor system status to others and rnaking decisions in the face of the uncer
tainty. This problem can be overcome by the development of a Standard Language System
(SLS) to describe the hazard. The SLS can indude procedures for dedding on standard
descriptions of the hazard on the basis of anomalous measures from a poorly understood reac-
tor system. This allows the planning out of difficult dedsions, easing the task of the real-time

decision maker.




V1. CONCLUSIONS

In addition to the principles listed above, other general remarks ca be made here in

smmary form

Strrilarity of A ccidents

A study of several non-nudear accidents found that there are broad similarities in the
structure and development of major acddents. This is a very important finding, as the key

problem in planning for nuclear acddents is that they are extremely rare.

Information M anagerment

A second conclusion is that information mianagement plays a central role in acddent
management. The cues preceeding an acrident rise out of a background of inconsequential
fluctuations in performance. Their early identification, then, is a signal detection problem.
Even after identification, the acddent management problern can be characterized as an informa-
tion processing problem: the attermpt to react appropriately to a very large amount of 'Lnf(_)rma—

tion in a short time.

Horming to Deal with Uncertainty

The most basic and important conclusion arises frm a comparison of the accident at Three
Mile Idand in the US, and the plans for nuclear accidents in some European nations. Current.
plans do not appear to plan adequately for poorly understood, slowly developing accidents
where there is a great deal cf uncertainty about the current and future stabus of the system

This is in part due to the fact that it is extremnely difficuit to plan for a rare event, and to verify
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that the planning is adequate. Past accidents, seen through the lens of hindsight, are typicaily
studied as a we]l-stzucturgd series of events. Future accidents, as represented in drills, are typi-
cally represented again in a well-struchured manner. An actual future acddent may well be ill-
structured and poorly understood That uncertainty led to great difficultes in communications
and dedsion making,

Clearly, accident planing should help operators cope with uncertainty of the sort experi-
enced at TMI. Yet a study of past US and some European plans finds that they have been
based on the assurmnption that a serious accident would be initisted by a recognizable and dis-
tinct event that gives, at least, a confident and low bound to the maximum release in the near
future. Acddents in those plans are characterized in terms of doses, countermeasures are then
dictated at perticular dose levels The plans do not seem resilient to the confusion and uncer
tainty of a poorly understood acddent Past acddents show thet individuals have difficulties in
recognizing, comprehending, and dealng with an accident, espedally so when a great deal of
uncertainty is involved. A standardized languege, all designed to help cope with uncertainty, is
required. That aspect of nuclear acddent management does not appear to be adequately

addressed in the plans studied.

Cereral Swrrrary

It is possible to draw together certain conclusions which may be useful in the eventual
formulation of recomrnendations. To revert to the illustration of accidents laid out in the intro-
duction these latter would represent some of the "new norms'” of Phase VI (see Figure 1). In

summary, the condusions are:

1. Accddents, nuclear or other, can be argued to have cormmmon characteristics and

structure,
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This struchure allows certain comparative observations to be made, particularly with
respect to comrmunications.

Effective, though appropriately limited, communications are vital to the handling of
accident situations.

The efficiency of the appropriate communications depends upon a complex of
factors--institutional and administrative, social and psychological.

Recognition that acddents may occur outside the preconceived band of possible
characteristics and structures is necessary.

Use may be made of the TMI acddent experience to improve existing European

contingency plans in certain areas.
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