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ABSTRACT

The purpose of this study was to describe the processes of eva-
cuation decision-making, identify and document uncertainties in that pro-
cess and discuss implications for federal assumption of liability for
precautionary evacuations at nuclear facilities under the Price-Anderson
Act. Four major categories of uncertainty are identified concerning the
interpretation of hazard, communication problems, perceived impacts of
evacuation decisions and exogenous influences, Over 40 historical
accounts are reviewed and cases of these uncertainties are documented.
The major findings are that all levels of government, including federal
agencies experience uncertainties in some evacuation situations, Second,
private sector organizations are subject to uncertainties at a variety of
decision points., Third, uncertainties documented in the historical
record have provided the grounds for liability although few legal actions
have ensued, Finally it is concluded that if liability for evacuations
is assumed by the federal government, the concept of a "precautionary"

evacuation is not useful in establishing ¢riteria for that assumption.,

vii



1. INTRODUCTION

1.1 UNCERTAINTIES IN EVACUATION DECISION MAKING

The historical record of evacuations clearly iliustrates that uncer-
tainties have, on occasion, affected all aspects of evacuation decision
making. The consequences of these uncertainties have been varied in past
evacuation cases; they range from the insignificant to those contributing
toward increased loss of life and property associated with particular
disasters. This work has assembled and catalogued uncertainties in the
evacuation decision-making process from existing evacuation research,

Research suggests that uncertainties fall into four general cate-
gories. First, uncertainties have been documented in reference to how
people and organizations interpret threatening situations and their roles
in the evacuation decision-making process. Specifically, uncertainties
have surfaced to constrain sound evacuation decision making because of
interpretation of the hazard, hazard information obtained directly or
through others, and in reference to who is to do what as part of the
decision-making process. Second, uncertainties in reference to com-
munications have been numerous in the record of past evacuations,
Evacuation decision making includes a multitude of different actors and
organizations at varied governmental levels, Uncertainties have pre-
vailed in a number of evacuations over whom to communicate with, as well
as when and how that communication might occur. Third, evacuation deci-

sion makers have, on occasion, been a source of uncertainties themselves;



concern over the impacts of their decisions -- whether these concerns are
warranted or are unfounded -- have constrained sound evacuation decision
making and been a source of uncertainty in the evacuation decision pro-
cess. For example, concerns have included fear of public panic¢, the
costs of an unnecessary evacuation and so on. Finally, a set of factors
exogenous to the evacuation decision-making process has surfaced to
inject uncertainty into decision making; for example, the state-of-the-
art in the sciences which are used to predict the impact of a disaster,
These four uncertainty categories -- interpretation, communication, per-
ceived impacts, and exogenous influences -- are elaborated on in greater

detail in the body of this report.

1.2 THE GENERAL EVACUATION DECISION-MAKING PROCESS

A11 evacuations are in some ways unique. Nevertheless, each consists
of a general set of activities and decision points that are largely com-
mon to all evacuations, Common activities to all evacuations, for
example, are detecting that a hazard and threat exists for a population;
making the decision to alert those who would be responsible for public
safety; making the decision that evacuation is the recommended protective
action; and carrying the warning and advisement to the public,

Obviously, the process includes decision points and communications,
O0ften, formal channels have been supptemented or replaced by informal

ones. Occasionally, steps in the process are by-passed.



1.3 PURPOSE

This work describes the steps and processes of evacuation decision
making; documents evacuation events, key decision points and relevant
actors and organizations which are part of the general evacuation pro-
cess; and identifies uncertainties that have risen in the historical
record of evacuations to constrain sound evacuation decision making
and/or evacuation effectiveness., The objectives are then brought to bear
for any implications we see for evacuation coverage for liability under

the Price-Anderson Act.



2. THE EVACUATION DECISION-MAKING PROCESS

The uncertainties that have risen to affect historical evacuations
are clearly better viewed in terms of what aspect of the general decision-
making process that they affected than they are viewed on their own.
Consequently, this section illustrates and defines the general com-
ponents, common decision points and processes that are somewhat charac-
teristic of all evacuations. These common points and processes are sche-
matically represented in Figure 1. Key decision points are represented
by boxes in the figure, and key linkages between decisions
(communications) are indicated by arrows. Uncertainty and ambiguity can
exist at each key decision point and at each communication link. The
particular actors and organizations involved with each decision, as well
as, who actually participates in the communications process will vary
given the actual evacuation examined, In some cases, it could be a
single actor or agency; in others it could include a diverse set of
people, groups, and organizations. The purpose of this section is to
define and explain, in a general way, each decision point and linkages
between organizations involved in these points in the evacuation decision
process illustrated in Figure 1, Examples are also given of the kinds of

actors and organizations who would typically be invoived in the process.
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2.1 KEY DECISION POINTS

2.1.1 Detection of Hazard

The initial stage of any public evacuation is the recognition that a
particular event or situation constitutes a hazard. In a flood, for
example, event recognition may be rain and rising river levels. At a
nuclear power plant, it may be a combination of instrument readings and
alarms. For an earthquake, it may be unusual animal behavior or swarms
of small precursory seismic events. Regardless of the type of hazard,
some signs must be read and interpreted to mean that a hazard exists
before evacuation is turned to as a possible protective action,

Detection may be made by a member of the public (as in the case of a
hazardous chemical spill from a truck) or by a complex organization set
up to Took for and detect hazards. For example, the National Weather
Service detects severe storms and tracks hurricanes. The United States
Geological Service (USGS) monitors volcanoes for signs of impending erup-
tions. Some state governments have programs to detect potential
landstide hazards. Chemical companies often have monitors at storage

facilities to detect releases of hazardous materials,

2.1.2 Determination of Threat

Once a hazard is detected the second key decision in the general
process is whether or not it poses a threat to human health and safety.
In a flood, this may be defined as waters exceeding flood stage eleva-

tions. At a nuclear power plant, it may be defined as some off-site



release. In an earthquake, threat may be indicated by an expected
Richter magnitude of energy release and associated shaking intensities in
populated areas. Often the determination of threat is done by the same
person or organization detecting the hazard; at other times, different
actors and organizations may be involved. A private citizen or company
of any level of government may determine that a threat exists, The U.S.
Geological Survey is, for example, formally charged with issuing hazard
watches and must detect and assess threats from geologic hazards. The
State of California determines whether or not an earthquake prediction is
valid and constitutes a threat to the public. Local governments often
must determine whether a derailed train carries hazardous materials.
Public and private utilities must determine dose projections in the

event of a nuclear power plant accident, Threat determination is judging

that an event is or is not hazardous to the public.

2.1.3 Decision to Alert

Once a threat is judged to be a significant one, the detector/
assessor must decide whether or not to alert others of the risk and
potential damages. Part of this decision includes determining who should
receive the alert. In an earthquake, a scientist would need to decide
whether or not to make an announcement to the governor or keep silent,
For nuclear power plant accidents, guidelines and requirements usually
spell out when and who should be alerted. C(learly, for some hazards the
alert decision is spelled out in plans while for others it remains

discretionary.



2.1.4 Interorganizational Notification

Following an alert, that person or organization receiving the alert
must decide which other parties will be involved in the decision to eva-
cuate or implement other types of protective actions. This decision is
more important than it may appear on the surface because the number and
type of actors involved will affect the timing and outcome of the deci-
sion, particularly if a distinct or clear-cut threatening situation is
not present,

The actors involved will depend on the hazard, the location and
existing emergency plans. In some cases, notification is fixed and auto-
matic; in others, it is largely ad hoc and may depend on who is available
at the moment., Often participation emerges during the onset of the
hazard with both the formal and informal involvement of actors and orga-

nizations in the process.

2.1.5 Determination of Threat

An official decision first must be reached as to whether or not the
event poses a hazard to the public., The decision includes determining
the magnitude and characteristic of the threat, the locations that would
be impacted, and the nature of human exposure to the threat., This deci-
ston may be made by a single organization or may be made by a group that

forms following the inter-organizational notification.
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2.1.6 Determination of Protective Action

Once a hazard is judged to be a significant threat to the public,
a decision must be reached as to whether public protective actions are
necessary, and what protective action to recommend or implement. This
will be determined, in part, by the severity of the threat and the amount
of time to its impact. Other factors may also play a role which may not
relate to the threat per se. As in the case of threat-assessment, a

variety of groups or persons can be involved in this determination,

2.2 KEY COMMUNICATIONS LINKS

2.2.1 Detectors to Officials: Alert

Following the detection of a hazard, information is usually passed
on to an agency with emergency powers or responsibilities, This may be a
phone call to a police dispatcher, an automatic ring-down to a civil
defense director, activation of a tone-alert radio in the mayor's home,

and so forth,

2.2.2 Detectors to the Public: Non-0fficial Notification

Information about the threat may also go directly to the public
either simultanecusly, before, or after the officials are alerted. The
NWS may flash a severe storm warning on television. A person discovering

a chemical spill may run door-to-door notifying neighbors.
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2.2.3 Interorganizational Alert

This communication 1ink ties together those that will be involved in
the official evacuation decision. It may be a series of telephone calls
to people on a list in an emergency plan, a siren or whistle in an

industrial plant, or informal word-of-mouth communication between people.

2.2.4 O0Officials to Public: MNetification

Prior to a protective action decision, the public may be alerted by
officials about an approaching or impending hazard., This alert may be
through a media report, activation of an emergency broadcasting system,

the sounding of a siren, or interpersonal communications.

2.2.5 O0fficials to Public: Evacuation Wwarning

Finally, if evacuation is recommended, officials must inform the
public to evacuate and supply them with the details about the evacuation.
This may be done over electronic media, with bull horns, or by door-to-

door contact,

2.3 AGENCY TNVOLVEMENT

A variety of private, local, state, and federal organizations par-
ticipate in evacuation decision making. The presence, level, and nature
of involvement will vary according to the hazard causing the evacuation,
the jurisdictional setting and the peculiarities of the event. Table 1

lists agency involvement for generalized evacuation circumstances for
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four different hazards. These entries are based on legislation, current
plans and recent experiences., A review of historical involvement, in
general, shows that it is often impossible to predict prior to an eva-
cuation which tevels of government and which types of agencies will be
involved.

This section has provided a generic model of evacuation decision
making and some notion of the agencies involved in that process., The
following section will provide a more detailed account of the uncertain-
ties in decisjons and parties involved with specific historical eva-

cuations,



