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ABSTRACT 

The purpose o f  t h i s  study was t o  desc r ibe  t h e  processes o f  eva- 

c u a t i o n  decision-making, i d e n t i f y  and document u n c e r t a i n t i e s  i n  t h a t  p ro-  

cess and d iscuss  i m p l i c a t i o n s  f o r  federa l  assumption o f  l i a b i l i t y  f o r  

p recau t iona ry  evacuat ions a t  nuc lea r  f a c i l i t i e s  under t h e  Price-Anderson 

Act. Four major ca tegor ies  of u n c e r t a i n t y  are i d e n t i f i e d  concerning t h e  

i n t e r p r e t a t i o n  of hazard, communication problems, perce ived impacts o f  

evacuat ion  dec i s ions  and exogenous in f l uences .  Over 40 h i s t o r i c a l  

accounts a r e  reviewed and cases of these u n c e r t a i n t i e s  a re  documented. 

The major f i n d i n g s  a r e  t h a t  a l l  l e v e l s  of government, i n c l u d i n g  f e d e r a l  

agencies exper ience u n c e r t a i n t i e s  i n  some evacuat ion  s i t u a t i o n s ,  Second, 

p r i v a t e  s e c t o r  o rgan iza t i ons  a r e  sub jec t  t o  u n c e r t a i n t i e s  a t  a v a r i e t y  o f  

d e c i s i o n  p o i n t s .  

reco rd  have prov ided t h e  grounds f o r  l i a b i l i t y  a l though few l e g a l  ac t i ons  

have ensued, 

i s  assumed by t h e  f e d e r a l  government, t h e  concept o f  a "p recaut ionary"  

evacuat ion  i s  n o t  u s e f u l  i n  e s t a b l i s h i n g  c r i t e r i a  f o r  t h a t  assumption. 

Th i rd ,  u n c e r t a i n t i e s  documented i n  t h e  h i s t o r i c a l  

F i n a l l y  i t  i s  concluded t h a t  i f  l i a b i l i t y  f o r  evacuat ions 

v i  i 





1. INTRODUCTION 

1.1 UNCERTAINTIES I N  EVACUATION O E C I S I O N  MAKING 

The h i s t o r i c a l  record  of evacuat ions c l e a r l y  i l  l u s t r a t e s  t h a t  uncer-  

t a i n t i e s  have, on occasion, a f fec ted  a l l  aspects of  evacuat ion d e c i s i o n  

making. The consequences of these u n c e r t a i n t i e s  have been v a r i e d  i n  pas t  

evacuat ion  cases; t h e y  range from t h e  i n s i g n i f i c a n t  t o  those c o n t r i b u t i n g  

toward increased loss o f  l i f e  and p r o p e r t y  assoc iated w i t h  p a r t i c u l a r  

d i s a s t e r s .  Th is  work has assembled and cata logued u n c e r t a i n t i e s  i n  t h e  

evacuat ion  decis ion-making process f rom e x i s t i n g  evacuat ion research. 

Research suggests t h a t  u n c e r t a i n t i e s  f a l l  i n t o  f o u r  general  ca te-  

gor ies .  F i r s t ,  u n c e r t a i n t i e s  have been documented i n  re fe rence t o  how 

people and o r g a n i z a t i o n s  i n t e r p r e t  t h r e a t e n i n g  s i t u a t i o n s  and t h e i r  r o l e s  

i n  t h e  evacuat ion  decis ion-making process. S p e c i f i c a l l y ,  u n c e r t a i n t i e s  

have sur faced t o  c o n s t r a i n  sound evacuat ion d e c i s i o n  making because o f  

i n t e r p r e t a t i o n  o f  t h e  hazard, hazard i n f o r m a t i o n  ob ta ined d i r e c t l y  o r  

th rough others,  and i n  re fe rence t o  who i s  t o  do what as p a r t  o f  t h e  

dec is ion-making process. Second, u n c e r t a i n t i e s  i n  re fe rence t o  com- 

municat ions have been numerous i n  t h e  record  o f  pas t  evacuat ians.  

Evacuat ion d e c i s i o n  making i n c l u d e s  a m u l t i t u d e  o f  d i f f e r e n t  a c t o r s  and 

o r g a n i z a t i o n s  a t  v a r i e d  governmental l e v e l s .  U n c e r t a i n t i e s  have pre-  

v a i l e d  i n  a number o f  evacuat ions over  whom t o  communicate w i th ,  as w e l l  

as when and how t h a t  communication might  occur. Th i rd ,  evacuat ion d e c i -  

s i o n  makers have, on occasion, been a source o f  u n c e r t a i n t i e s  themselves; 
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concern over  t h e  impacts of t h e i r  d e c i s i o n s  -- whether these concerns are  

warranted o r  a r e  unfounded - -  have cons t ra ined sound evacuat ion d e c i s i o n  

making and been a source of u n c e r t a i n t y  i n  t h e  evacuat ion d e c i s i o n  pro- 

cess. For  example, concerns have i n c l u d e d  f e a r  o f  p u b l i c  panic,  t h e  

c o s t s  o f  an unnecessary evacuat ion and so on. F i n a l l y ,  a s e t  o f  f a c t o r s  

exogenous t a  t h e  evacuat ion decis ion-making process has sur faced t o  

i n j e c t  u n c e r t a i n t y  i n t o  d e c i s i o n  making; f o r  example, t h e  s t a t e - o f - t h e -  

a r t  i n  t h e  sciences which a r e  used t o  p r e d i c t  t h e  impact o f  a d i s a s t e r .  

These f o u r  u n c e r t a i n t y  ca tegor ies  --  i n t e r p r e t a t i o n ,  communication, per-  

ce ived impacts, and exogenous i n f l u e n c e s  - -  a r e  e labora ted  on i n  g r e a t e r  

d e t a i l  i n  t h e  body o f  t h i s  r e p o r t .  

1.2 THE GENERAL EVACUATION B E C I S I O N - M A K I N G  PROCESS 

A l l  evacuat ions a r e  i n  some ways unique. Nevertheless,  each c a n s i s t s  

o f  a general s e t  o f  a c t i v i t i e s  and d e c i s i o n  pa in ts  t h a t  a r e  l a r g e l y  com- 

mon t o  a l l  evacuat ions.  Cotnmon a c t i v i t i e s  t o  a l l  evacuat ions,  for  

example, a r e  d e t e c t i n g  t h a t  a hazard and t h r e a t  e x i s t s  f o r  a popu la t ion ;  

making t h e  d e c i s i o n  t o  a l e r t  those who would be respons ib le  f o r  p u b l i c  

s a f e t y ;  making t h e  d e c i s i o n  t h a t  evacuat ion i s  t h e  recommended pro t .ec t i ve  

a c t i o n ;  and c a r r y i n g  t h e  warning and advisement t o  t h e  p u b l i c .  

Obviously,  t h e  process i n c l u d e s  d e c i s i o n  p o i n t s  and communications. 

Often, formal channels have been suppl emented or rep1 aced by i n f o r m a l  

ones. Occasional ly ,  s teps i n  t h e  process a r e  by-passed. 
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1.3 PURPOSE I 

Th is  work descr ibes  t h e  s teps  and processes o f  evacuat ion  d e c i s i o n  

making; documents evacuat ion  events, key d e c i s i o n  p o i n t s  and r e l e v a n t  

a c t o r s  and o r g a n i z a t i o n s  which a r e  p a r t  of t h e  general evacuat ion  pro-  

cess; and i d e n t i f i e s  u n c e r t a i n t i e s  t h a t  have r i s e n  i n  t h e  h i s t o r i c a l  

r e c o r d  o f  evacuat ions t o  c o n s t r a i n  sound evacuat ion  d e c i s i o n  making 

and/or evacuat ion  e f fec t i veness .  The o b j e c t i v e s  a r e  then  brought t o  bear 

f o r  any i m p l i c a t i o n s  we see f o r  evacuat ion  coverage f o r  l i a b i l i t y  under 

t h e  Price-Anderson Act. 
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2. THE E V A C U A T I O N  D E C I S I O N - M A K I N G  PROCESS 

The u n c e r t a i n t i e s  t h a t  have r i s e n  t o  a f fec t  h i s t o r i c a l  evacuat ions 

a r e  c l e a r l y  b e t t e r  viewed i n  terms o f  what aspect of t h e  general  d e c i s i o n -  

making process t h a t  t h e y  a f f e c t e d  than t h e y  a r e  viewed on t h e i r  own. 

Consequently, t h i s  s e c t i o n  i l l u s t r a t e s  and d e f i n e s  t h e  general  com- 

ponents, common d e c i s i o n  p o i n t s  and processes t h a t  a r e  somewhat charac- 

t e r i s t i c  o f  a l l  evacuat ions.  

m a t i c a l l y  represented i n  F i g u r e  1. 

by boxes i n  t h e  f i g u r e ,  and key l i n k a g e s  between dec is ions  

(communications) a r e  i n d i c a t e d  by arrows. 

e x i s t  a t  each key d e c i s i o n  p o i n t  and a t  each communication l i n k .  

p a r t i c u l a r  a c t o r s  and Organ iza t ions  i n v o l v e d  w i t h  each dec is ion ,  as w e l l  

as, who a c t u a l l y  p a r t i c i p a t e s  i n  t h e  communications process w i l l  vary  

g i v e n  t h e  a c t u a l  evacuat ion examined. I n  some cases, i t  c o u l d  be a 

s i n g l e  a c t o r  o r  agency; i n  o t h e r s  i t  c o u l d  i n c l u d e  a d i v e r s e  s e t  o f  

people, groups, and organ iza t ions .  

d e f i n e  and e x p l a i n ,  i n  a general  way, each d e c i s i o n  p o i n t  and l i n k a g e s  

between o r g a n i z a t i o n s  i n v o l v e d  i n  these p o i n t s  i n  t h e  evacuat ion d e c i s i o n  

process i l l u s t r a t e d  i n  F i g u r e  1. Examples a r e  a l s o  g i v e n  o f  t h e  k inds  o f  

a c t o r s  and o r g a n i z a t i o n s  who would t y p i c a l l y  be i n v o l v e d  i n  t h e  process. 

These common p o i n t s  and processes are  sche- 

Key d e c i s i o n  p o i n t s  a re  represented 

U n c e r t a i n t y  and ambigui ty  can 

The 

The purpose o f  t h i s  s e c t i o n  i s  t o  
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2.1 K E Y  DECISION POINTS 

2.1.1 D e t e c t i o n  o f  Hazard 

The i n i t i a l  s tage o f  any p u b l i c  evacuat ion i s  t h e  r e c o g n i t i o n  t h a t  a 

p a r t i c u l a r  event o r  s i t u a t i o n  c o n s t i t u t e s  a hazard. 

example, event r e c o g n i t i o n  may be r a i n  and r i s i n g  r i v e r  l e v e l s .  A t  a 

n u c l e a r  power p l a n t ,  i t  may be a combinat ion of ins t rument  readings and 

alarms. For  an earthquake, i t  may be unusual animal behavior  o r  swarms 

o f  small  p recursory  se ismic events. 

some s i g n s  must be read and i n t e r p r e t e d  t o  mean t h a t  a hazard e x i s t s  

b e f o r e  evacuat ion i s  t u r n e d  t o  as a p o s s i b l e  p r o t e c t i v e  ac t ion .  

D e t e c t i o n  may be made by a member of t h e  p u b l i c  (as i n  t h e  case o f  a 

hazardous chemical s p i l l  from a t r u c k )  or  by a complex o r g a n i z a t i o n  s e t  

up t o  look  f o r  and d e t e c t  hazards. For  example, t h e  Nat iona l  Weather 

Serv ice  d e t e c t s  severe storms and t r a c k s  hurr icanes.  The U n i t e d  Sta tes  

Geologica l  Serv ice  (USGS) mon i to rs  volcanoes f o r  s igns  o f  impending erup- 

t i o n s .  Some s t a t e  governments have programs t o  d e t e c t  p o t e n t i a l  

l a n d s l i d e  hazards. Chemical companies o f t e n  have mon i to rs  a t  s to rage 

f a c i l i t i e s  t o  d e t e c t  re leases o f  hazardous m a t e r i a l s .  

I n  a f lood ,  f o r  

Regardless o f  t h e  t y p e  o f  hazard, 

2.1.2 Determinat ion  o f  Threat  

Once a hazard i s  de tec ted  t h e  second key d e c i s i o n  i n  t h e  general 

process i s  whether o r  n o t  i t  poses a t h r e a t  t o  human h e a l t h  and sa fe ty .  

I n  a f l o o d ,  t h i s  may be de f ined as waters exceeding f l o o d  s tage e leva-  

t i o n s .  A t  a n u c l e a r  power p l a n t ,  it may be d e f i n e d  as some o f f - s i t e  



re lease.  

R i c h t e r  magnitude of energy re lease  and assoc ia ted  shaking i n t e n s i t i e s  i n  

popu la ted  areas. 

person o r  o r g a n i z a t i o n  d e t e c t i n g  t h e  hazard; a t  o t h e r  times, d i f f e r e n t  

a c t o r s  and o rgan iza t i ons  may be invo lved.  A p r i v a t e  c i t i z e n  o r  company 

o f  any l e v e l  o f  government may determine t h a t  a t h r e a t  e x i s t s .  The U.S. 

Geologica l  Survey i s ,  f o r  example, f o rma l l y  charged w i t h  i s s u i n g  hazard 

watches and must d e t e c t  and assess t h r e a t s  f rom geo log ic  hazards. 

S t a t e  o f  C a l i f o r n i a  determines whether or not  an earthquake p r e d i c t i o n  i s  

v a l i d  and c o n s t i t u t e s  a t h r e a t  t o  t h e  p u b l i c .  

must determine whether a d e r a i l e d  t r a i n  c a r r i e s  hazardous ma te r ia l s .  

P u b l i c  and p r i v a t e  u t i l i t i e s  must determine dose p r o j e c t i o n s  i n  t h e  

event o f  a nuc lea r  power p l a n t  acc ident .  

t h a t  an event i s  o r  i s  not  hazardous t o  t h e  p u b l i c .  

I n  an earthquake, t h r e a t  may be i n d i c a t e d  by an expected 

Often t h e  de te rm ina t ion  of t h r e a t  i s  done by t h e  same 

The 

Local governments o f t e n  

Threat  de te rm ina t ion  i s  j udg ing  

2.1.3 Dec is ion  t o  A l e r t  

Once a t h r e a t  i s  judged t o  be a s i g n i f i c a n t  one, t h e  d e t e c t o r /  

assessor must dec ide whether o r  no t  t o  a l e r t  o the rs  o f  t h e  r i s k  and 

p o t e n t i a l  damages. Pa r t  o f  t h i s  d e c i s i o n  i nc ludes  de termin ing  who should 

r e c e i v e  t h e  a l e r t .  I n  an earthquake, a s c i e n t i s t  would need t o  decide 

whether o r  no t  t o  make an announcement t o  t h e  governor o r  keep s i l e n t .  

F o r  nuc lea r  power p l a n t  acc idents ,  g u i d e l i n e s  and requirements u s u a l l y  

spell out  when and who should be a le r ted .  

a l e r t  d e c i s i o n  i s  s p e l l e d  ou t  i n  p lans  w h i l e  f o r  o thers  i t  remains 

d i s c r e t i o n a r y .  

C l e a r l y ,  f o r  some hazards t h e  
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2.1.4 I n t e r o r g a n i z a t i o n a l  N o t i f i c a t i o n  

F o l l o w i n g  an a l e r t ,  t h a t  person o r  o r g a n i z a t i o n  r e c e i v i n g  t h e  a l e r t  

must dec ide which o t h e r  p a r t i e s  w i l l  be i n v o l v e d  i n  t h e  d e c i s i o n  t o  eva- 

c u a t e  o r  implement o t h e r  types  of p r o t e c t i v e  ac t ions .  This d e c i s i o n  i s  

more impor tan t  than i t  may appear on t h e  s u r f a c e  because t h e  number and 

t y p e  o f  a c t o r s  i n v o l v e d  w i l l  a f f e c t  t h e  t i m i n g  and outcome o f  t h e  d e c i -  

s ion,  p a r t i c u l a r l y  if a d i s t i n c t  o r  c l e a r - c u t  t h r e a t e n i n g  s i t u a t i o n  i s  

n o t  present.  

The a c t o r s  i n v o l v e d  w i l l  depend on t h e  hazard, t h e  l o c a t i o n  and 

e x i s t i n g  emergency plans. I n  some cases, n o t i f i c a t i o n  i s  f i x e d  and auto- 

m a t i c ;  i n  o thers,  i t  i s  l a r g e l y  ad hoc and may depend on who i s  a v a i l a b l e  

a t  t h e  moment. 

hazard w i t h  b o t h  t h e  formal and i n f o r m a l  involvement o f  a c t o r s  and orga- 

n i z a t i o n s  i n  t h e  process. 

Of ten  p a r t i c i p a t i o n  emerges d u r i n g  t h e  onset o f  t h e  

2.1.5 Determinat ion  o f  Threat  

An o f f i c i a l  d e c i s i o n  f i r s t  must be reached as t o  whether o r  n o t  t h e  

event poses a hazard t o  t h e  p u b l i c .  

t h e  magnitude and c h a r a c t e r i s t i c  o f  t h e  t h r e a t ,  t h e  l o c a t i o n s  t h a t  would 

be impacted, and t h e  n a t u r e  of human exposure t o  t h e  t h r e a t .  Th is  d e c i -  

s i o n  may be made by a s i n g l e  o r g a n i z a t i o n  o r  may be made by a group t h a t  

forms f o l  1 owing t h e  i n t e r - o r g a n i z a t i o n a l  n o t i f i c a t i o n .  

The d e c i s i o n  i n c l u d e s  de termin ing  



2.1.6 Determinat ion  o f  P r o t e c t i v e  A c t i o n  

Once a hazard i s  judged t o  be a s i g n i f i c a n t  t h r e a t  t o  t h e  pub i c ,  

a d e c i s i o n  must be reached as t o  whether p u b l i c  p r o t e c t i v e  a c t i o n s  a re  

necessary, and what. p r o t e c t i v e  a c t i o n  t o  recommend o r  implement. h i s  

w i l l  be determined, i n  pa r t ,  by t h e  s e v e r i t y  of t h e  t h r e a t  and t h e  amount 

o f  t ime  t o  i t s  impact. Other f a c t o r s  may a l s o  p l a y  a r o l e  which may no t  

r e l a t e  t o  t h e  t h r e a t  pe r  se. As i n  t h e  case o f  threat-assessment, a 

v a r i e t y  o f  groups o r  persons can be i nvo lved  i n  t h i s  de terminat ion .  

2.2 KEY COMMUNICATIONS L INKS 

2.2.1 Detec tors  t o  O f f i c i a l s :  A l e r t  

Fo l l ow ing  t h e  d e t e c t i o n  o f  a hazard, i n fo rma t ion  i s  u s u a l l y  passed 

on t o  an agency w i t h  emergency powers o r  r e s p o n s i b i l i t i e s .  

phone c a l l  t o  a p o l i c e  d ispatcher ,  an automat ic  ring-down t o  a c i v i l  

defense d i r e c t o r ,  a c t i v a t i o n  o f  a t o n e - a l e r t  r a d i o  i n  t h e  mayor's home, 

and so f o r t h .  

Th is  may be a 

2.2.2 De tec to rs  t o  t h e  Pub l i c :  Non-Of f i c i a l  N o t i f i c a t i o n  

I n f o r m a t i o n  about t h e  t h r e a t  may a l s o  go d i r e c t l y  t o  t h e  p u b l i c  

e i t h e r  s imul taneously ,  before,  o r  a f t e r  t h e  o f f i c i a l s  a re  a le r ted .  The 

NWS may f l a s h  a severe s torm warn ing on t e l e v i s i o n .  

a chemical s p i  11 may run door- to-door  n o t i  f y i  ng neighbors. 

A person d i s c o v e r i n g  
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2.2.3 I n t e r o r g a n i z a t  i o n a l  A l e r t  

. 

T h i s  communication l i n k  t i e s  t o g e t h e r  those t h a t  w i l l  be i n v o l v e d  i n  

t h e  o f f i c i a l  evacuat ion dec is ion .  It may be a s e r i e s  o f  te lephone c a l l s  

t o  people on a l i s t  i n  an emergency plan, a s i r e n  o r  w h i s t l e  i n  an 

i n d u s t r i a l  p l a n t ,  o r  i n f o r m a l  word-of-mouth communication between people. 

2.2.4 O f f i c i a l s  t o  P u b l i c :  N o t i f i c a t i o n  

P r i o r  t o  a p r o t e c t i v e  a c t i o n  dec is ion,  t h e  p u b l i c  may be a l e r t e d  by 

o f f i c i a l s  about an approaching o r  impending hazard. 

th rough a media r e p o r t ,  a c t i v a t i o n  o f  an emergency broadcas t ing  system, 

t h e  sounding o f  a s i r e n ,  o r  i n t e r p e r s o n a l  communications. 

Th is  a l e r t  may be 

2.2.5 O f f i c i a l s  t o  P u b l i c :  Evacuat ion Warning 

F i n a l l y ,  i f  evacuat ion i s  recommended, o f f i c i a l s  must i n f o r m  t h e  

p u b l i c  t a  evacuate and supply  them w i t h  t h e  d e t a i l s  about t h e  evacuation. 

Th is  may be done over  e l e c t r o n i c  media, w i t h  b u l l  horns, or  by door- to-  

door  contact .  

2.3 PrGENCY INVOLVEMENT 

A v a r i e t y  o f  p r i v a t e ,  l o c a l ,  s ta te ,  and f e d e r a l  o r g a n i z a t i o n s  par-  

t i c i p a t e  i n  evacuat ion d e c i s i o n  making. The presence, l e v e l ,  and na ture  

o f  involvement w i l l  vary  accord ing  t o  t h e  hazard causing t h e  evacuation, 

t h e  j u r i s d i c t i o n a l  s e t t i n g  and t h e  p e c u l i a r i t i e s  o f  t h e  event. 

l i s t s  agency involvement f o r  genera l i zed  evacuat ion c i rcumstances f o r  

Table 1 
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f o u r  d i f f e r e n t  hazards. These e n t r i e s  a r e  based on l e g i s l a t i o n ,  c u r r e n t  

p lans  and recent  experiences. A rev iew of h i s t o r i c a l  involvement, i n  

general ,  shows t h a t  i t  i s  o f ten  imposs ib le  t o  p r e d i c t  p r i o r  t o  a n  eva- 

c u a t i o n  which l e v e l s  o f  government and which types o f  agencies w i l l  be 

i nvo l ved .  

Th is  s e c t i o n  has p rov ided  a gener ic  model o f  evacuat ion  d e c i s i o n  

The making and some n o t i o n  o f  t h e  agencies i n v o l v e d  i n  t h a t  process. 

f o l l o w i n g  s e c t i o n  w i l l  p r o v i d e  a more d e t a i l e d  account o f  t h e  unce r ta in -  

t i e s  i n  dec i s ions  and p a r t i e s  i n v o l v e d  w i t h  s p e c i f i c  h i s t o r i c a l  eva- 

cua t  i ons. 
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3. UNCERTAINTIES I N  EVACUATION D E C I S I O N S  

I n  t h i s  s e c t i o n  we review t h e  va r ious  u n c e r t a i n t i e s  t h a t  can a f f e c t  

evacuat ion  d e c i s i o n  making. 

and an e v e n t - s p e c i f i c  perspec t ive .  

evacuat ion  d e c i s i o n s  a re  made, t h e  problems t h a t  e x i s t  i n  making such 

dec i s ions ,  and how "poor" dec i s ions  can be and have been reached. P r i o r  

t o  t h e  review, methods o f  c o l l e c t i n g  and o r g a n i z i n g  da ta  a re  discussed. 

This i s  done from both a general pe rspec t i ve  

This p rov ides  i n f o r m a t i o n  on how 

3 .1  METHODS 

Using t h e  four -ca tegory  Scheme of u n c e r t a i n t i e s  presented i n  t h e  

i n t r o d u c t i o n ,  we hypothesized 2 1  s p e c i f i c  u n c e r t a i n t i e s  thought t o  

opera te  i n  evacuat ion  d e c i s i o n  making. 

r e p o r t s  and s t u d i e s  on evacuation. 

t o  c o n s t r u c t  t h e  da ta  base and t h e  reference numbers f o r  t h e  assoc ia ted  

l i t e r a t u r e .  

Appendix A .  

i d e n t i f i e d  and each coded as t o  which ca tegory  i t  represented, who 

exper ienced t h e  u n c e r t a i n t y ,  and which stage o f  t h e  d e c i s i o n  was 

af fected, 

Appendix 8. 

We then  i d e n t i f i e d  t h e  a v a i l a b l e  

Table 2 l i s t s  these evacuat ions used 

We analyzed t h e  conten t  of these r e p o r t s  us ing  t h e  m a t r i x  i n  

These da ta  were reviewed and a l l  cases o f  u n c e r t a i n t y  were 

A summary o f  t h e  da ta  i nc luded  i n  t h i s  review i s  g iven i n  

A f t e r  rev iew ing  t h e  data, we co l lapsed t h e  o r i g i n a l  21 ca tegor ies  

i n t o  19. 

number of observa t ions  i n  each category.  

These a re  presented in Table 3 a long  w i t h  a summary o f  t h e  
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Table 2. Evacuat ion i nc luded  i n  t h e  rev iew 

Hazard Locat  on Event 
re fe rence"  

Darn f a i l u r e  
F1 ood 
Darn f a i l u r e  
F1 ood 
Dam f a i l u r e  
Dam f a i l u r e  
F1 ood 
F1 ood 
F1 ood 
f 1 ood 
F1 ood 
Tornado 
Tornado 
Tornado 
Vol can0 
Vol can0 
Tsunami 
Tsunami 
Nuclear  acc ident  
Hur r icane ( Iwa)  
Hut- r i  cane (Car 1 a ) 
H u r r i  cane ( A 1  i c i  a )  
H u r r i c a n e / f l o o d  
Chemical s p i l l  
Chemical s p i  11 
Chemical f i r e  
Mud s l i d e  
F i  rework expl o s i  on 
Ts u n am i 
Hurr icane 
Tsunami 
Hur r icane 
Nuel ea r acc ident  
Hur r icane 
F1 ood 
Hur r icane 
Hu r r i  cane 
Various 
Hur r icane 

Baldwin H i l l ,  CA 
R i o  Grande R i v e r  
Po r t  J a r v i s ,  NY 
Denver, CO 
B u f f a l o  Creek, WV 
Lawn Lake, CO 
B i g  Thompson Canyon, CO 
L o u i s v i l  l e ,  K Y  
Washington S t a t e  

Johnstown, PA 
Topeka, KS 
Worcester, MA 
Red Rive r ,  AW 
M t .  S t .  Welens, WA 
Ki lauea,  H I  
Crescent City , CA 
H i l o ,  H I  
Three M i l e  I s land ,  P A  
Oahu, H I  
Gu l f  Coast 
Texas 
G u l f  Coast and Eastern  US 
Mississauga, Canada 
Not a v a i l a b l e  
Ta f t ,  LA 
Por t  Alice, Canada 
Houston, TX 
A1 aska 
Gulf Coast, Eastern US 
Crescent City, CA 
Gul f Coast 
Three M i l e  I s land ,  PA 
Coastal US 
R i g  Thompson, CO 
Coastal US 
Texas 
Not s p e c i f i c  
G u l f  

TlJCSOn, AZ 

i 
2 
3 

4, 5 
6 
7 
8 
9 

11, 12 
14  
16 
1 7  
18 
19 

20, 21, 22, 24 
23 
25 
26 
27 
28 

29, 30 
31 
32 

34 
37 
38 
41 
42 
43 
44 
46 
47 
48 
49 
50 
52 
54 
55 

33, 34,  35 ,  36 

"See? Appendix 5. 
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Table 3. Evacuat ion u n c e r t a i n t i e s  

Number o f  t imes 
u n c e r t a i n t i e s  

documented 

I n t e r p r e t a t  i o n  

Recogni t i on o f  event 
Recogn i t ion  of consequences/ l ike l ihood 16 
D e f i n i t i o n  o f  magnitude 12 
S e l f  -def  i n i t i o n  o f  r o l e  3 
Recogn i t ion  of re1 evant i n f o r m a t i o n  4 
D e f i n i t i o n  o f  a u t h o r i t y  13 

21 

Commun i c a t  i ons 

Who t o  n o t i f y  
A b i l i t y  t o  d e s c r i b e  hazard 
Phys ica l  a b i l i t y  t o  communicate 
C o n f l i c t i n g  i n f o r m a t i o n  

2 
12  
35 
10 

Perceived impacts o f  d e c i s i o n  

Causing pan ic  l o o t i n g  o r  o t h e r  adverse responses 10 
Loss o f  j o b / o t h e r  personal  consequences 4 
Cost o f  evacuat ion  o r  economic loss 5 
L i  ab i  1 i t y  4 

Exogenous f a c t o r s  

Time avai  1 a b i  1 i t y  
F e a s i b i l i t y  o f  evacuat ion 
P r i o r  exper ience 
P1 anni  ng 
Out s i  de pressures/expect a t  i ons 
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Caut ion  shou ld  be used i n  i n t e r p r e t i n g  t h i s  data. F i r s t ,  i t  must 

be recognized t h a t  t h e  s t u d i e s  and r e p o r t s  examined have no t  sys temat i -  

c a l l y  sought t o  research o r  r e p o r t  on u n c e r t a i n t i e s .  Thus, t h e  lack o f  

a documented case does no t  prove a p a r t i c u l a r  u n c e r t a i n t y  d i d  no t  e x i s t ,  

no r  t h a t  i t  has no t  a f fec ted  dec is ions .  Rather, i t  means o n l y  t h a t  i t  

has no t  been recorded i n  t h i s  h i s t o r i c a l  record. Second, t h e  frequency 

of an obse rva t i on  does not  r e f l e c t  t h e  magnitude of t h e  unce r ta in t y .  

one hand i t  may mean t h a t  i t  occurs more f requen t l y .  On t h e  o ther ,  i t  

may mean i t  i s  s imp ly  more e a s i l y  observed. 

On 

I n  t h e  f o l l o w i n g  sec t ions ,  we rev iew each u n c e r t a i n t y  i n  t h e  f o u r  

ma jor  ca tegor ies  and d iscuss  an example o f  each. 

3.2 INTERPRETATION OF HAZARD, INFORMATION AND ROLES 

The degree t o  which i n f o r m a t i o n  about an impending hazardous event 

s u c c e s s f u l l y  works i t s  way through f rom event d e t e c t i o n  t o  a prudent 

p u b l i c  evacuat ion d e c i s i o n  i s  sub jec t  t o  t h e  range o f  i n t e r p r e t a t i o n s  

t h a t  t h e  people who process t h a t  i n fo rma t ion  make as they  rece ive  t h e  

in fo rmat ion ,  i n t e r p r e t  it, and pass i t  a long t o  others.  These i n t e r p r e -  

t a t i o n s ,  which are r e l e v a n t  t o  more than  j u s t  how hazard i n f o r m a t i o n  i s  

i n t e r p r e t e d ,  can f a c i l i t a t e  t h e  evacuat ion process i f  they  a r e  made 

soundly; o r  they  can r a i s e  u n c e r t a i n t i e s  i n  t h e  system and g i v e  r i s e  t o  

bad dec is ions .  I n  t h i s  sec t ion ,  we d iscuss  i n t e r p r e t a t i o n  u n c e r t a i n t i e s  

l i s t e d  i n  Table 3. 
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3.2.1 Recogn i t ion  o f  Event 

The a b i l i t y  t o  recognize t h e  presence of an impending hazardous 

event i s  determined by t h e  degree t o  which people can observe an i n d i c a -  

t o r  assoc ia ted  w i t h  a p o t e n t i a l  t h r e a t  and conclude from i t  t h a t  a t h r e a t  

e x i s t s .  

mean r a i n  f o r  some, tornado t h r e a t  t o  a few, and mere ly  i n d i c a t e  a c loudy 

day t o  others.  V a r i a t i o n  e x i s t s  i n  t h e  a b i l i t y  o f  people t o  recognize a 

p o t e n t i a l  t h r e a t ,  and t h i s  v a r i a t i o n  e x i s t s  among those who a r e  " t r a i n e d  

observers"  as  w e l l  as among general  members o f  t h e  p u b l i c  as we l l .  

F o r  example, observa t ion  of a p a r t i c u l a r  c loud f o r m a t i o n  may 

V a r i a t i o n  i n  t h e  a b i l i t y  o f  people t o  recognize an impending hazardous 

event has cons t ra ined some evacuat ions i n  t h e  pas t  by consuming t i m e  

thereby  reducing t h e  t i m e  a v a i l a b l e  t o  t h e  p u b l i c  i n  which t o  respond. 

For  example, i n  severa l  recent  dam f a i l u r e s ,  t h e  p r i v a t e  company 

r e s p o n s i b l e  f o r  managing t h e  r e s e r v o i r  f a i l e d  t o  understand t h a t  t h e  dams 

were unsafe, Furthermore, when t h e  dams were about t o  f a i l  a f t e r  per iods  

o f  heavy f l o o d i n g ,  t h e  i n a b i l i t y  t o  l i n k  r u n o f f  c o n d i t i o n s  w i t h  dam 

f a i l u r e  prec luded an e a r l y  warning, 

B u f f a l o  Creek f l o o d 1  and t h e  Lawn Lake Dam d isas ter .2  

Th is  was c h a r a c t e r i s t i c  o f  both t h e  

3.2.2 Recognizat ion o f  Hazard 

V a r i a t i o n  i n  a b i l i t y  t o  d e f i n e  t h e  l e v e l  o f  t h r e a t ,  once t h e  event 

has been recognized, i s  a second u n c e r t a i n t y  which has cons t ra ined e f fec-  

t i v e  and t i m e l y  hazard r e c o g n i t i o n .  

impending event a r e  recognized -- f o r  example, t h a t  a f lood w i l l  occur o r  

Once t h e  p h y s i c a l  p r o p e r t i e s  o f  an 
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a h u r r i c a n e  w i l l  s t r i k e  - -  u n c e r t a i n t i e s  can e x i s t  i n  re fe rence t o  

t h a t  event w i l l  mean f o r  t h e  people t h a t  w i l l  be affected. 

an impending f l o o d  cou ld  a f f e c t  a l a r g e  p a r t  o f  town o r  o n l y  a small  

segment o f  town; o r  a hu r r i cane  cou ld  produce hazardous winds f o r  

30 m i l e s  i n l a n d  o r  o n l y  3 mi les ,  

recognize t h e  ex ten t  o f  a p u b l i c  hazard assoc ia ted  w i t h  a recognized 

impending hazardous event has been t h e  cause o f  over-  and under- 

e s t i m a t i n g  t h e  ser iousness o f  impending emergencies. 

has led ,  i n  some cases, t o  l e s s  e f f e c t i v e  and p o o r l y  t imed evacuat ion 

dec is ions .  

For  example, 

Uncer ta in t y  i n  t h e  a b i l i t y  o f  people t o  

Th is  u n c e r t a i n t y  

Although t h e  evacuat ion o f  225,800 people i n  Mississauga, Canada, 

f o l l o w i n g  a t r a i n  dera i lment  was e f f e c t i v e ,  i t  was i n i t i a l l y  hampered by 

t h e  i n a b i l i t y  t o  d e f i n e  t h e  p o t e n t i a l l y  hazardous m a t e r i a l s  on t h e  t r a i n .  

A t  f i r s t ,  t h e  man i fes t  cou ld  no t  be l oca ted  by l o c a l  o f f i c i a l s  and when 

i t  was, i t  was unc lea r  whether o r  no t  i t  was accurate.3 

3.2.3 D e f i n i t i o n  o f  Magnitude 

It i s  o f t e n  d i f f i c u l t  t o  f o r e c a s t  accu ra te l y  t h e  p r e c i s e  magnitude 

o f  hazard o f  an impending t h r e a t e n i n g  event. For  example, t h e  p r e c i s e  

windspeed o f  hu r r i canes  when l a n d f a l l  occurs i s  d i f f i c u l t  t o  f o r e t e l ? .  

Consequently, t h e  inexactness of t h e  sciences which seek t o  p r e d i c t  

magnitude c r e a t e  u n c e r t a i n t y ,  on occasion, i n  terms o f  t h e  a d v i s a b i l i t y  

o f  evacuation. There a r e  magnitudes of event f o r  which evacuat ion  i s  

adv isable,  and o the rs  f o r  which i t  i s  not, 
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Ins tances  i n  which t h e  magnitude o f  an impending event does no t  

c l e a r l y  i n d i c a t e  a need f o r  evacuat ion c r e a t e  u n c e r t a i n t y  and can l e a d  t o  

what appears t o  be wrong evacuat ion d e c i s i o n s  i n  h i n d s i g h t  a f t e r  t h e  

hazard impacts t h e  area a t  r i s k .  

de lay  evacuat ions.  

p o i n t .  Heavy r a i n s  and r i s i n g  water  l e v e l s  i n  t h e  creek were both 

A t  t h e  same t ime, t h i s  problem can a l s o  

The Rapid City flood,' f o r  example, i s  a case i n  

detected.  

foreseen:: 

n a t u r a l  canyon dam n o t  known t o  those e s t i m a t i n g  magnitude. 

However, t h e  magnitude of t h e  f l o o d  event was no t  a c c u r a t e l y  

t h e  s i g n i f i c a n t  losses  were assoc ia ted  w i t h  t h e  break ing  o f  a 

3.2.4 S e l f - d e f i n i t i e n  o f  Role 

People have sometimes exper ienced u n c e r t a i n t y  i n  understanding, 

knowing, and e f f e c t i v e l y  assuming t h e  r o l e s  and o b l i g a t i o n s  of par-  

t i c i p a t i n g  i n  t h e  communication process. 

bo th  those who i n i t i a t e  communication and those who r e c e i v e  it. 

u n c e r t a i n  about t h e i r  Communication r o l e  do not  always per form it. 

Consequently, r o l e  u n c e r t a i n t y  by those who p l a y  key p a r t s  i n  t h e  cha in  

o f  communication i n  a warning system has slowed t h e  evacuat ion by n o t  

conveying r i s k  i n  a t i m e l y  manner. 

Th is  u n c e r t a i n t y  has a f f e c t e d  

People 

For  example, t h e  min ing  company respons ib le  f o r  c r e a t i n g  t h e  s lag-  

heap r e s e r v o i r  on B u f f a l o  Creek d i d  n o t  d e f i n e  t h e i r  r o l e  as one o f  

emergency responder. As a r e s u l t ,  when t h e  dam f a i l e d ,  no t i m e l y  a l e r t  

was g iven t o  p u b l i c  o f f i c i a l s  who c o u l d  i s s u e  evacuat ion orders. 1 
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3.2.5 S o r t i n g  o f  Relevant I n f o r m a t i o n  

S o r t i n g  o f  r e l e v a n t  i n fo rma t ion  occurs when t h e r e  i s  e i t h e r  t o o  milch 

o r  i r r e l e v a n t  i n f o r m a t i o n  f a c i n g  t h e  dec i s ion -  aker. It i s  then 

necessary t o  determine which p ieces  of i n f o r m a t i o n  should be used t o  make 

a dec is ion ,  and which should be ignored. For example, a l o c a l  s h e r i f f  

who must dec ide whether t o  a c t i v a t e  an evacuat ion  a larm system i n  t h e  

v i c i n i t y  o f  a nuc lea r  power p l a n t  m gh t  be g iven  recommendations from 

t h r e e  d i f f e r e n t  o rgan iza t i ons ,  and n a d d i t i o n  he i s  g iven  meteoro log ica l  

data, i n f o r m a t i o n  on p l a n t  cond i t i ons ,  source terms;, p r o j e c t e d  dose 

ra tes ,  e tc .  

Some i n f o r m a t i o n  may be excluded and t h e  d e c i s i o n  made on t h e  bas i s  o f  

o n l y  p a r t  o f  t h e  in fo rmat ion .  

mat ion  i s  ignored and t h e  d e c i s i o n  i s  made on t h e  bas is  o f  some exogenous 

fac to r .  

i n  t h e  q u a l i t y  o f  t h e  evacuat ion dec is ion .  

The s h e r i f f  may w e l l  be overwhelmed by t h e  in fo rmat ion .  

Another p o s s i b i l i t y  i s  t h a t  t h e  i n f o r -  

Th i s  u n c e r t a i n t y  i n  how in fo rma t ion  i s  s o r t e d  nay be r e f l e c t e d  

For  example, when M t .  S t .  Helens became a c t i v e ,  emergency response 

o rgan iza t i ons  were g iven "raw" da ta  on s e i s m i c i t y  and plume a c t i v i t y .  

I n  t h e  course of t r y i n g  t o  understand and use t h i s  data, they  tended t o  

neg lec t  some r e s p o n s i b i l i t i e s  such as p r o v i d i n g  warnings t o  t h e  public.5 

3.2.6 D e f i n i t i o n  o f  A u t h o r i t 1  

D e f i n i t i o n  o f  a u t h o r i t y  i s  how va r ious  ac to rs  pe rce i ve  t h e  respsn- 

s i b i l i t y  and power o f  o t h e r  a c t o r s  t o  make dec is ions .  These d e f i n i t i o n s  

c r e a t e  u n c e r t a i n t i e s  i n  severa l  ways. F i r s t ,  i f  more than one person o r  
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agency assumes a l e a d e r s h i p  r o l e ,  c o n f l i c t s  c o u l d  occur. Second, i f  

d e f i n i t i o n s  o f  a u t h o r i t y  a r e  wrongly  perceived, i n f o r m a t i o n  may n o t  reach 

t h e  r i g h t  people, Th i rd ,  if no one takes charge because they  perce ive  i t  

as someone e l s e ' s  r e s p o n s i b i l i t y ,  d e c i s i o n s  cou ld  be delayed o r  over-  

1 ooked. 

Th is  was p rob lemat ic  among agencies and w i t h  p r i v a t e  c o r p o r a t i o n s  

preced ing  t h e  l a r g e  e r u p t i o n  a t  Mt. S t .  Helense5 I n  t h i s  s i t u a t i o n ,  

disagreement over  evacuat ion  a u t h o r i t y  arose between t h e  U.S. Fores t  

S e r v i c e  and a lumber ing company. The Fores t  Serv ice  wanted t o  evacuate 

lands t h a t  were be ing  harvested. The c o n f l i c t  l e d  t o  a s e r i e s  o f  r e v i -  

s i o n s  i n  evacuat ion p o l i c i e s  w i t h  compromises on both sides. 

t h e  e r u p t i o n  occurred on a Sunday when no l o g g i n g  was t a k i n g  place, 

F o r t u n a t e l y  

3.3 COMMUNICATION PROBLEMS 

P u b l i c  evacuat ion  advisements a r e  u s u a l l y  t h e  r e s u l t  o f  l o n g  chains 

o f  communication between d i f f e r e n t  people, w i t h  v a r i e d  j o b s  and r o l e s ,  i n  

d i f f e r e n t  o rgan iza t ions .  Consequently, a key t o  understanding t h e  

evacuat ion  dec is ion-making process i s  t o  view i t  as a s e r i e s  o f  cornmuni- 

c a t i o n s  between bo th  people and organ iza t ions .  This  process o f  communi- 

c a t i o n ,  i n v o l v i n g  people and o r g a n i z a t i o n s  and u l t i m a t e l y  t h e  p u b l i c ,  

has been a general  category o f  u n c e r t a i n t i e s  t h a t  have sur faced i n  past  

evacuat ions t o  c o n s t r a i n  t h e  evacuat ion process. 

f a l l  i n t o  four  ca tegor ies ,  and a d e s c r i p t i o n  o f  each fo l lows.  

These u n c e r t a i n t i e s  
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3.3.1 Who t o  N o t i f y  

U n c e r t a i n t y  over  whom t o  communicate hazard i n fo rma t ion ,  e i t h e r  

i n  re fe rence t o  o t h e r  o rgan iza t i ons  o r  t h e  i d e n t i f i c a t i o n  o f  p a r t i c u l a r  

persons i n  o t h e r  o rgan iza t i ons ,  has cons t ra ined  t h e  communication process 

i n  some pas t  evacuat ions and, subsequently, de layed p u b l i c  evacuations. 

Sound hazard r e c o g n i t i o n  and accura te  de te rm ina t ion  o f  t h r e a t  can be l e s s  

than  f u l l y  u s e f u l  when t h a t  i n fo rma t ion  i s  no t  communicated t o  a l l  those 

who cou ld  c a r r y  t h a t  i n fo rma t ion  th rough t o  o t h e r  o rgan iza t i ons  and then 

t h e  pub l i c .  The d i ssemina t ion  o f  t h r e a t  i n f o r m a t i o n  t o  communities about 

t o  exper ience a p o t e n t i a l  d i s a s t e r  can be cons t ra ined i f  those who 

possess t h e  t h r e a t  i n f o r m a t i o n  do no t  know what l o c a l  agencies and which 

people w i t h i n  them t o  n o t i f y  about t h e  t h r e a t .  

M t .  S t .  Helens, t h e  d isseminat ion  of a warning concern ing ashfall l e v e l s  

and consequences has been a t t r i b u t e d  t o  t h e  l ack  o f  p r e - d i s a s t e r  i n t e r -  

a c t i o n s  between s t a t e  and l o c a l  emergency o rgan iza t i ons  and t h e  knowledge 

o f  whom t o  t e l l  when t h e  volcano erupted. 

For  example, a t  

3.3.2 A b i l i t y  t o  Descr ibe  Hazard 

Those engaged i n  t h e  p r o v i s i o n  o f  hazard i n f o r m a t i o n  t o  o the rs  have 

c rea ted  u n c e r t a i n t i e s  because of how t h r e a t  d e s c r i p t i o n s  were worded, 

Non-sc ien t is ts ,  f o r  example, r a r e l y  share a common understanding o f  

p r o b a b i l i t i e s ;  vagueness i n  t h e  s p e c i f i c a t i o n  o f  t h e  a r e a - a t - r i s k  can lead  

t o  increased u n c e r t a i n t i e s  f o r  those confused over  h i c h  people t o  warn; 

and t e c h n i c a l  d e s c r i p t i o n s  o f  phys i ca l  processes assoc ia ted  w i t h  a hazard 
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may mean l i t t l e  t o  those i n t e r e s t e d  i n  o n l y  s imple d e f i n i t i o n s .  The i n a -  

b i l i t y  o f  some s c i e n t i s t s  and t e c h n i c i a n s  t o  descr ibe  hazard i n  c l e a r  and 

s imp le  ways has, sometimes, c r e a t e d  u n c e r t a i n t i e s  f o r  those who must use 

t h a t  i n f o r m a t i o n  t o  make d e c i s i o n s  about p u b l i c  response and g i v e  p u b l i c  

warnings. It has a l s o  c r e a t e d  u n c e r t a i n t i e s  i n  t h e  sequent ia l  process o f  

communication l e a d i n g  up t o  evacuat ion  advisements. 

For  example a t  an e x p l o s i o n  a t  a chemical p l a n t  i n  T a f t ,  Louis iana,  

t h e  evacuat ion o f  t h e  sur round i  ng popul a t  i on was d e l  ayed by an i nabi 1 i ty  

t o  communicate i n f o r m a t i o n  about t h e  exp los ion  and p o t e n t i a l  con- 

sequences.6 Company o f f i c i a l s  d i d  n o t  e x p l a i n  t h e  acc ident  i n  terms 

t h a t  l o c a l  o f f i c i a l s  c o u l d  r e a d i l y  use i n  making t h e i r  dec is ions.  

when they  recommended a f i v e - m i l e  evacuat ion,  l o c a l  o f f i c i a l s  d i d  n o t  

understand why i t  should be t h a t  d is tance.  

Even 

3.3.3 Phys ica l  A b i l t t y  t o  Communicate 

The p h y s i c a l  a b i l i t y  t o  Communicate n o t i f i c a t i o n s ,  a ler t s  and 

warnings has been a source o f  u n c e r t a i n t y  i n  some p r i o r  evacuat ions.  

Loss o f  t h e  t e c h n i c a l  c a p a c i t y  t o  communicate can r e t a r d  communications 

t o  bo th  t h e  p u b l i c  and t o  o t h e r  o rgan iza t ions .  Some reasons inc lude,  f o r  

example, t h e  non-match o f  r a d i o  f requencies,  t h e  l a c k  o f  ded ica ted  phone 

l i n e s  when r e g u l a r  l i n e s  are  overloaded, and t h e  l a c k  o f  back-up corn- 

mun ica t ions  systems when planned o r  r o u t i n e  systems f a i l .  

o f  a p h y s i c a l  communication f a i l u r e  i s  p rov ided by t h e  1977 Johnstown 

f lood. The l o s s  o f  t h e  phone system hampered e f f o r t s  o f  t h e  Corps of  

A good example 
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Engineers weather observer  t o  determine r a i n f a l l  and a l s o  f o r  t h e  NWS t o  

subsequently a l e r t  l o c a l  o f f i c i a l s .  7 

3.3.4 C o n f l i c t i n g  I n f o r m a t i o n  

C o n f l i c t i n g  i n fo rma t ion  i s  t h e  presence o f  e i t h e r  da ta  o r  recommen- 

d a t i o n s  which l ead  t o  d i f f e r e n t  conc lus ions  about whether t o  evacuate. 

I n  t h i s  s i t u a t i o n ,  t h e  decision-maker must dec ide  which i n f o r m a t i o n  i s  

v a l i d .  For example, if a l o c a l  o f f i c i a l  i n  charge o f  evacuat ion  rece ives  

i n f o r i n a t i o n  from one source t h a t  a dam has overtopped and f rom another  

t h a t  i t  i s  sound, a d e c i s i o n  t o  evacuate may be confused o r  delayed. I f  

t h e  erroneous i n f o r m a t i o n  i s  acted upon, a bad d e c i s i o n  may r e s u l t .  

Th i s  t y p e  o f  s i t u a t i o n  was encountered i n  t h e  1983 Hur r icane A l i c i a .  

Local  o f f i c i a l s  r e l i e d  on o f f i c i a l  f o recas t  i n f o r m a t i o n  from t h e  Na t iona l  

Hur r icane Center (NHC) and t h e  Galveston N a t i o n a l  Weather Serv ice  O f f i ce ,  

The l o c a l  weather s e r v i c e  was warning o f f i c i a l s  t h a t  t h e  hu r r i cane  cou ld  

take  a n o r t h e r l y  t u r n  and h i t  Galvestan. The NHC was concen t ra t i ng  on 

warn ing o f  a more sou the r l y  l a n d f a l l .  Galveston o f f i c i a l s  p layed down 

t h e  p o t e n t i a l  o f  be ing  a f f e c t e d  and when t h e  s torm turned, i t  was t o o  

l a t e  t o  evacuate.9 

3.4 PERCEIVED IMPACTS OF DECISIONS 

U n c e r t a i n t i e s  a l s o  e x i s t  i n  t h e  evacuat ion process because o f  a 

range o f  percept ions  t h a t  people i n  dec is ion-making roles h o l d  regard ing  

t h e  p o t e n t i a l  nega t i ve  impacts of making wrong dec is ions .  Some o f  these 
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perce ived impacts  have no b a s i s  i n  r e a l i t y  and a r e  p a r t  o f  a general  

m y t h - s t r u c t u r e  about pub1 i c  emergency response. 

impacts a r e  p o t e n t i a l l y  r e a l .  Four types  o f  impact percept ions  were 

i d e n t i f i e d ,  and these f o l l o w .  

Other perce ived negat ive  

3.4.1 Percept ions o f  Panic and L o o t i n g  o r  Other Adverse Consequences 

Evacuat ion d e c i s i o n s  can be i n f l u e n c e d  by a decis ion-maker 's percep- 

t i o n  o f  adverse p u b l i c  consequences o f  o r d e r i n g  an evacuat ion.  

concerns may be t h a t  people w i l l  pan ic  and be h u r t  o r  k i l l e d ,  o r  t h a t  

homes w i l l  be l o o t e d  w h i l e  r e s i d e n t s  a r e  away. 

may a r i s e  i n  some very r a r e  circumstances, such b e l i e f s  a re  l a r g e l y  

unfounded g iven prev ious  exper iences. 

evidence t o  t h e  c o n t r a r y ,  these b e l i e f s  s t i l l  p e r s i s t .  I n  a d d i t i o n ,  

decis ion-makers may a l s o  b e l i e v e  t h a t  a f a l s e  warning may h i n d e r  f u t u r e  

evacuat ion  needs ( t h e  c ry -wo l f  syndrome). There i s ,  again, l i t t l e  

research evidence t h a t  t h i s  i s  t h e  case. 

For  example i n  Hur r icane Carla,  i t  was documented t h a t  t h e  s t a t e  

government decided a g a i n s t  a general  evacuat ion o r d e r  f o r  f e a r  of  panic  

and unnecessary movement. I n s t e a d  they  l e t  l o c a l  governments make 

dec is ions.9 I n  Hur r icane A l i c i a  severa l  l o c a l  governments, hav ing eva- 

cuated unnecessar i l y  f o r  Hur r icane A l len ,  decided n o t  t o  evacuate f o r  

f e a r  o f  be ing  wrong again.8 

Typ ica l  

Whi le  these s i t u a t i o n s  

Desp i te  e l a b o r a t e  research 



28 

3.4.2 Personal Consequences 

U n c e r t a i n t y  has l e d  t o  apprehensiveness i n  communicating and 

n o t i f y i n g  o t h e r  o rgan iza t i ons  and t h e  p u b l i c  about an impending t h r e a t ;  

o f t e n  t h i s  r e s u l t s  i n  downplaying t h e  p o t e n t i a l  t h r e a t  when i t  i s  com- 

municated. Persons have feared personal  nega t i ve  consequences o f  t r a n s -  

m i t t i n g  r i s k  i n f o r m a t i o n  t h a t  may b e f a l l  themselves w i t h  t h e  non- 

occurrence o f  t h e  hazard, Concern over  personal  consequences has 

centered  on loss o f  r e p u t a t i o n  o r  image, l o s s  o f  votes i n  a f u t u r e  e lec -  

t i o n ,  and t h e  l i k e .  For  example, i n  a 1965 tsunami t h r e a t  s i t u a t i o n  i n  

Cresent City, C a l i f o r n i a ,  l o c a l  o f f i c i a l s  feared p u b l i c  sanc t ions  i f  they  

ca l  l e d  f o r  another  evacuat ion and no tsunami occurred. lo  

3.4.3 Percept ions  o f  Cost o r  bosses f rom t h e  Evacuat ion 

Evacuat ion decision-makers can be i n f l u e n c e d  by t h e i r  percept ions  o f  

t h e  d o l l a r s  cos ts  o r  losses  t h a t  may stern f rom an evacuation, par-  

t i c u l a r l y  when i t  i s  p recaut ionary .  Cost may i n c l u d e  t r a n s p o r t a t i o n  and 

s h e l t e r i n g  o f  t h e  p u b l i c ,  as w e l l  as cos ts  borne f o r  emergency personnel, 

Losses can i n c l u d e  revenues l o s t  from employment or sales,  o r  damages 

on, or t h e  shutdown o f  p r o d u c t i v e  

example, which has  exhausted i t s  

may be r e l u c t a n t  t o  orde r  an eva- 

c u a t i o n  f o r  which i t  cannot e a s i l y  pay. For  example, perce ived economic 

losses  p layed a s i g n i f i c a n t  r o l e  i n  de termin ing  evacuat ion zones a t  

M t .  S t .  Helens. Evacuat ion boi indaries were s h i f t e d  i n  o rde r  t o  s p l i t  

i n c u r r e d  f rom i n j u r y  d u r i n g  evacuat 

s e c t o r s  i n  an economy. A c i t y ,  f o r  

emergency funds f o r  p o l i c e  over t ime 
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c o s t  o f  manning roadblocks between two c o u n t i e s  and t o  a l l o w  access t o  

economic e n t e r p r i s e s  i n  t h e  area.5 

3.4.4 Percept ions  o f  L i a b i l i t y  

How agencies o r  a c t o r s  w i t h i n  them d e f i n e  l i a b i l i t y  quest ions can 

a l s o  i n f l u e n c e  evacuat ion dec is ions.  This  can occur i n  severa l  ways. 

F i r s t ,  and most l i k e l y ,  l i a b i l i t y  f o r  p u b l i c  s a f e t y  i s  a f r e q u e n t l y  

r a i s e d  i s s u e  f o r  p u b l i c  agencies. 

s i b i l i t y  f o r  damages i f  a hazard occurs and a c t i o n s  a r e  n o t  taken t o  pro-  

t e c t  t h e  p u b l i c .  

s i d e  o f  c a u t i o n  i n  some s i t u a t i o n s .  On t h e  o t h e r  hand, decision-makers 

may p e r c e i v e  l i a b i l i t y  f o r  o r d e r i n g  an unneeded evacuat ion which leads t o  

unnecessary cos ts  and p o s s i b l e  evacuat ion-associated damages. 

The major  concern i s  over  respon- 

Th is  p e r c e p t i o n  tends t o  cause o f f i c i a l s  t o  e r r  on t h e  

Al though t h e  i s s u e  o f  l i a b i l i t y  as an i n f l u e n c e  on d e c i s i o n  making 

i s noted t h e o r e t i c a l  ly  and i s  d i  scussed i n  pre-emergency pl  anni ng i t  

does n o t  appear t o  be a major  i n f l u e n c e  on a c t u a l  d e c i s i o n  making based 

on t h e  d a t a  reviewed i n  t h i s  i n v e s t i g a t i o n .  

3.5 EXOGENOUS INFLUENCES ON THE D E C I S I O N  

Other u n c e r t a i n t i e s  have sur faced t o  c o n s t r a i n  good evacuat ion dec i -  

s i o n s  and outcomes t h a t  a r e  somewhat o u t s i d e  t h e  domain o f  t h e  evacuat ion 

dec is ion-making process. 

exogenous in f luences ,  a r e  discussed i n  t h e  s e c t i o n s  which f o l l o w .  

These sources o f  u n c e r t a i n t y ,  here l a b e l e d  as 



3.5.1 Time Avai 1 a b i  1 i ty 

Time a v a i l a b i l i t y  r e f e r s  t o  t h e  l e n g t h  of t ime  between t h e  d e t e c t i o n  

o f  a hazard and t h e  man i fes ta t i on  of impacts o r  e f f e c t s .  

a l eng thy  t ime  e x i s t s  may de lay  dec is ions .  

rush  dec is ions .  Furthermore, sho r t  response t imes may i n f l u e n c e  dec i -  

s ions  t o  no t  evacuate f o r  fear  o f  people be ing  exposed t o  damage w h i l e  

t h e y  a re  engaged i n  evacuating. 

duc t  an evacuat ion  may lead  t o  dec i s ions  t o  evacuate be fo re  s u f f i c i e n t  

i n fo rma t ion  about t h e  hazard may be c o l l e c t e d .  

t o  evacuate a beach coinmunity o r  b a r r i e r  i s l a n d  be fo re  t h e  pa th  o r  magni- 

t ude  o f  a h u r r i c a n e  i s  known. 

Judgments t h a t  

Judgments o f  s h o r t  t ime may 

Concern over  adequate l ead  t ime  t o  con- 

An example i s  a d e c i s i o n  

Such was t h e  case i n  1980 when Hur r icane A l l e n  th rea tened t h e  Texas 

sho re l i ne .  

s u b j e c t  t o  a wide p r e d i c t i o n  e r r o r .  

evacuat ion  o f  Galveston, o n l y  t o  have t h e  storm veer  t o  t h e  south, 

Decis ions t o  evacuate had t o  be made w h i l e  t h e  pa th  was s t i l l  

A5 a r e s u l t ,  t h e  NUS adv ised t h e  

3.5.2 Evacuat ion Feasi b i  1 i t y  

Evacuat ion f e a s i b i l i t y  r e f e r s  t o  t h e  perce ived success o f  an 

evacuat ion  i n  p r o t e c t i n g  t h e  pub l i c .  

i n f l u e n c e d  by f a c t o r s  such as t h e  s e v e r i t y  o f  t h e  hazard, geograpy, 

s a f e t y  o f  evacuat ion rou tes  and so fo r th .  M ispercept ions  o f  f e a s i b i l i t y  

cou ld  l e a d  t o  poor dec i s ions  concern ing evacuat ion o r  i n f l u e n c e  the 

t i m i n g  of evacuat ion dec is ions .  

re lease  d u r i n g  a fast-moving acc ident  a t  a nuc lea r  p l a n t ,  i n  con junc t i on  

F e a s i b i l i t y  percept ions  can be 

For  example, t h e  f e a r  o f  a r a d i o a c t i v e  
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w i t h  poor 

ment o f  p 

we a t  h e r , 
a n t  cond 

i s  i n  order.  

c o u l d  l e a d  t o  an evacuat ion  d e c i s i o n  p r i o r  t o  develop- 

t i o n s  t h a t  would no rma l l y  suggest t h a t  an evacuat ion  

3.5.3. Exper i  e w e  

P r i  o r  exper i  ences w i t h  o t h e r  evacuat ions and emergenci es can 

i n f l u e n c e  decis ion-maker judgments and r a i s e  u n c e r t a i n t i e s  i n  t h e  eva- 

c u a t i o n  decis ion-making process. Occas iona l l y ,  people can imagine t h a t  

impending hazardous event w i l l  m a t e r i a l i z e  i n  a way much l i k e  those which 

have a l ready  been experienced, even though t h i s  image may be i n c o n s i s t e n t  

w i t h  c u r r e n t  i n f o r m a t i o n  about t h e  impending event. On t h e  o t h e r  hand, 

t h e  l a c k  o f  exper ience w i t h  a p a r t i c u l a r  hazard can, f o r  some, r a i s e  

u n c e r t a i n t y  i n  imag in ing  what an impending event may be l i k e .  Exper i -  

ence, and t h e  u n c e r t a i n t i e s  i t  can r a i s e ,  can lead  t o  e i t h e r  premature o r  

ta rdy  communications and evacuations. 

Th is  acc ident  s i t u a t i o n  was exper ienced a t  Cresent City, C a l i f o r n i a ,  

d u r i n g  1964. The warning of a p o t e n t i a l  tsunami which proved t o  be a 

f a l s e  a la rm p layed a r o l e  i n  d e l a y i n g  l a w  enforcement o f f i c e r s '  dec i s ions  

t o  evacuate people i n  a subsequent warning s i t u a t i o n . l O  

3.5.4 P r i o r  P1 anni ng 

The presence, absence o r  e x t e n t  o f  i n - p l a c e  evacuat ion p lans  can 

g r e a t l y  i n f l u e n c e  evacuat ion  dec is ions .  

o f  a p l a n  can de lay  o r  confuse dec i s ions  t o  evacuate. 

Experience shows t h a t  t h e  l a c k  

T h e o r e t i c a l l y ,  
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possess ion o f  an evacuat ion  p l a n  cou ld  i nc rease  t h e  l i k e l i h o o d  o f  hav ing 

an evacuat ion mere ly  because i t  has been planned fo r .  A d d i t i o n a l l y ,  

emergency p lans  which are  t o o  r i g i d  and t o o  i n f l e x i b l e  can themselves 

f r u s t r a t e  t i m e l y  emergency response and, subsequently, evacuations. 

An example o f  t h e  former i s  t h e  acc ident  a t  THI. The lack  o f  a p l a n  

d e f i n i t e l y  c o n t r i b u t e d  t o  confus ion over  evacuat ion  decisions.11 L i k e -  

wise,  t h e  absence of p lans  for  s p e c i a l  f a c i l i t i e s  l i k e  h o s p i t a l s  i n  t h e  

v i c i n i t y  o f  TMI may have c o n t r i b u t e d  t a  dec i s ions  t o  a l l o w  h o s p i t a l  

employees t o  evacuate w i thou t  cons ide ra t  i o n  of t h e  consequences. 

3.5.5 Outs ide Pressures o r  Expec ta t ions  

Evacuat ion dec i s ions  can be i n f l uenced  by expec ta t i on  o r  demands o f  

persons o u t s i d e  t h e  evacuat ion-dec is ion  environment. For  example, a 

p u b l i c  o f f i c i a l  may pe rce i ve  t h a t ,  g i ven  a c e r t a i n  s i t u a t i o n ,  an 

evacuat ion  i s  expected by t h e  pub l i c .  

f e e l  p ressure  f rom another  l e v e l  o f  government o r  some o t h e r  agency 

when d e c i d i n g  whether or  no t  t o  conduct an evacuation. A t  t imes t h e  

pressure  may be coun te rp roduc t i ve  when t h e  respons ib le  o f f i c i a l  overac ts  

t o  t h e  pressure  and f o l l o w s  t h e  oppos i te  cours~? o f  ac t ion .  

I n  a d d i t i o n ,  a decision-maker may 

A t  T M I ,  t h e  Governor 's  d e c i s i o n  t o  recommend a s e l e c t i v e  evacuat ion 

was,  i n  pa r t ,  a response t o  o u t s i d e  demands and pressures t o  demonstrate 

c o n t r o l  and 1 eadershi  p. 

Dur ing  t h e  approach o f  Hur r icane A1 i c i a ,  coin ran icat ion from t h e  

Governor t o  t h e  Mayor o f  Galveston rega rd ing  evacuat ion may have p layed a 

r o l e  i n  t h e  d e c i s i o n  t o  no t  evacuate.* I n  t h i s  case t h e  Mayor may have 
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reac ted  n e g a t i v e l y  aga ins t  t h e  s t a t e ' s  p o s i t i o n  r a t h e r  than  make a d e c i -  

s i  on independent of t h e  s ta te .  

T h i s  s e c t i o n  has p rov ided  a general  overview o f  many u n c e r t a i n t i e s  

i n  evacuat ion  d e c i s i o n  making and has prov ided examples o f  each. 

presence and absence of these f a c t o r s  o r  t h e  response o f  a decision-maker 

t o  them h e l p  shape the p o t e n t i a l  l i a b i l i t y  of  p u b l i c  o f f i c i a l s  and agen- 

c i e s  f o r  t h e i r  dec i s ions  t o  evacuate. 

be exhaust ive,  and i t  i s  p o s s i b l e  t h a t  o t h e r  f a c t o r s  cou ld  a l s o  c r e a t e  

u n c e r t a i n t i e s  as we l l .  Nevertheless i t  p rov ides  i n s i g h t s  i n t o  t h e  poten- 

t i a l s  for  l i a b i l i t y  and a l l ows  us t o  draw some observa t ions  concerning 

Federal  assumption o f  evacuat ion  l i a b i l i t i e s  under t h e  Price-Anderson Act. 

The 

The l i s t  h e r e i n  p rov ided may n o t  
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4. CONCLUSIONS 

4.1 GENERAL 

A pr ime c o n c l u s i o n  from t h i s  work i s  t h a t  u n c e r t a i n t i e s  can a f f e c t  

a17 l e v e l s  o f  government, i n c l u d i n g  f e d e r a l  agencies, a t  v i r t u a l l y  every 

d e c i s i o n  p o i n t  i n  t h e  evacuat ion  decis ion-making process (Tab le  4).  Th is  

c o n c l u s i o n  i s  n o t  t r u e  f o r  each s p e c i f i c  evacuat ion;  r a t h e r  i t  i s  t h e  

case f o r  evacuat ion  exper iences o v e r a l l .  

g i v e n  agency o r  l e v e l  of government l i k e l y  depend on bo th  t h e  hazard type  

and t h e  evacuat ion context ,  Nevertheless,  i t  appears t h a t  no agency a t  

any l e v e l  o f  government i s  immune from exper ienc ing  u n c e r t a i n t i e s  i n  eva- 

c u a t i o n  d e c i s i o n  making. 

S p e c i f i c  u n c e r t a i n t i e s  f o r  any 

Second, i t  i s  a l s o  t h e  case t h a t  t h e  p r i v a t e  s e c t o r  i s  s u b j e c t  t o  

u n c e r t a i n t i e s  a t  a v a r i e t y  o f  d e c i s i o n  p o i n t s ,  a l though they  appear t o  be 

more r e s t r i c t e d  than f o r  p u b l i c  agencies. The p r i v a t e  sec tor ,  as 

evidenced by t h e  h i s t o r i c a l  record,  seems more prone t o  u n c e r t a i n t i e s  i n  

d e t e c t i o n  and a l e r t  d e c i s i o n  p o i n t s  than elsewhere. 

Th i rd ,  l o c a l  and s t a t e  governments f r e q u e n t l y  encounter o r  c o n t r i -  

b u t e  t o  u n c e r t a i n t i e s  i n  evacuat ion  dec is ions .  Given t h e  s t r u c t u r e  and 

d e l e g a t i o n  o f  emergency powers i n  t h e  federa l ,  s t a t e  and l o c a l  governments 

w i l l  c o n t i n u e  t o  bear  t h e  burden o f  r e s p o n s i b i l i t y  f o r  evacuat ion d e c i -  

s ions.  

Four th,  t h e r e  a r e  numerous examples i n  t h e  h i s t o r i c a l  r e c o r d  where 

p o t e n t i a l  grounds f o r  l i a b i l i t y  were present  due t o  u n c e r t a i n t i e s  i n  

evacuat ion  d e c i s i o n  making. I f  d i s a s t e r  losses  occurred i n  these cases, 
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Table 4. U n c e r t a i n t y  observa t ions  cha rac te r i zed  by organ iza t i ona l  
l e v e l  and d e c i s i o n  s tage 

Organ iza t i ona l  l e v e l  

Federa l  S t a t e  Local  P r i v a t e  
Stage o f  d e c i s i o n  model -- 

Detec t i on  o f  hazard 

Determinat ion  o f  t h r e a t  

Dec is ion  t o  a l e r t  

N o n - o f f i c i a l  n o t i f i c a t i o n  

41 e r t  

I n t e r o r g a n i z a t i o n  n o t i f i c a t i o n  

O f f i c i a l  n o t i f i c a t i o n  

Deter in ina t ion  o f  t h r e a t  

Dec is ion  t o  evacuate 

O f f i c i a l  evacuat ion  

7 

10 

3 

0 

6 

0 

1 

4 

1 

3 

0 

0 

0 

0 

1 

0 

0 

2 

2 

1 

4 

9 

0 

1 

6 

6 

11 

12 

54 

23 

7 

7 

2 

0 

5 

1 

1 

0 

5 

1 
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i t  might  have been p o s s i b l e  t o  document t h e  f a c t o r s  t h a t  cou ld  have 

c o n t r i b u t e d  t o  those damages i n  t h e  contex t  o f  poor evacuat ion dec is ions.  

Obviously,  whether o r  n o t  l e g a l  a c t i o n ,  i f  pursued, would have been suc- 

c e s s f u l  i s  unknown. 

F i n a l l y ,  some of t h e  u n c e r t a i n t i e s  t h a t  have been i d e n t i f i e d  i n  t h i s  

research cou ld  be addressed i n  p l a n n i n g  and they  a r e  somewhat l i k e l y ,  i f  

addressed e f f e c t i v e l y ,  t o  he m i t i g a t e d .  For example, good emergency 

p l a n n i n g  can de f ine  c l e a r l y  who has what r o l e  i n  t h e  evacuat ion d e c i s i o n -  

making process thereby reducing t h e  p o t e n t i a l  f o r  t h i s  as a source o f  

u n c e r t a i n t y  i n  a f u t u r e  evacuat ion.  Other i d e n t i f i e d  u n c e r t a i n t i e s  

l i k e l y  cannot be r e a d i l y  m i t i g a t e d ;  f o r  example, hazard r e c o g n i t i o n  i s  

somewhat l i m i t e d  by t h e  s t a t e - o f - t h e - a r t  i n  t h e  sciences which a l l o w  t h e  

hazard t o  be moni tored and detected. 

f r o n t ,  t h e r e f o r e ,  must w a i t  f o r  f u t u r e  s c i e n t i f i c  d i s c o v e r i e s  r e l e v a n t  t o  

upgrading event recogn i t ion ,  A t  t h e  same t ime, most u n c e r t a i n t i e s  l i k e l y  

f a l l  somewhere i n  between these two p o l a r  extremes. P lanning can, t h e r e -  

fore,  p l a y  some r o l e  i n  reducing u n c e r t a i n t i e s ;  a l though some u n c e r t a i n -  

t i e s  may a l w a y s  opers te  i n  t h e  evacuat ion decis ion-making process. 

IJncer ta in ty  r e d u c t i o n  on t h i s  

4.2 I M P L I C A T I O N S  FOR PRICE-ANDERSON E X T E N S I O N  TO COVER 
PRECAUTIONARY EVACUATION 

T h i s  research i n d i c a t e s  t h a t  f o r  evacuat ion i n  general,  f e d e r a l  

invo lvement  w i t h  decis ion-making c o u l d  leave t h e  government p o t e n t i a l  ly 

l i a b l e  f o r  c o n t r i b u t i o n s  i t  makes t o  t h e  d e c i s i o n  process. For a nuc lear  

power p l a n t  o r  o t h e r  n u c l e a r  f a c i l i t i e s  emergency, i t  i s  l e s s  l i k e l y  t h a t  
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t h e  f e d e r a l  government would be c e n t r a l l y  i n v o l v e d  i n  t h e  d e c i s i o n  t o  

evacuate, Never the less,  i t  i s  t h e o r e t i c a l l y  f e a s i b l e  i v e n  t h e  r o l e s  

t h a t  cogn izant  f ede ra l  agencies have i n  an emergency, t h a t  a f e d e r a l  

agency would c o n t r i b u t e  t o  a d e c i s i o n  t o  evacuate. 

Although t h i s  p o t e n t i a l  f o r  l i a b i l i t y  e x i s t s ,  i t  i s  a l s o  impor tan t  

t o  no te  t h a t  t h e  f e d e r a l  government has a l o n g  h i s t o r y  o f  p a r t i c i p a t i o n  

i n  evacuat ion  dec is ions .  Our research has documented occasions i n  which 

t h e  performance o f  those agencies cou ld  have been seen as quest ionable.  

For  example, i t  would be p o s s i b l e  t o  assoc ia te  t h e  NWS 

exper ienced i n  t h e  1972 Rapid Ci ty  Flood. 

grounds, has r a r e l y  ensued. Thus, w h i l e  a case f o r  f ede ra l  assumption o f  

l i a b i l i t y  can be made on t h e  bas i s  o f  t h e i r  involvement, i t  does no t  

appear t o  be necessary g i ven  t h e  prev ious  h i s t o r y  of t h e i r  involvement 

w i t h  evacuations. This  conclus ion,  however, r e s t s  more on t h e  i n f r e -  

quency w i t h  which blame has been asc r ibed  t o  fede ra l  agencies i n  t h e  

past ,  t han  i t  r e s t s  on a l a c k  o f  u n c e r t a i n t i e s  i n  d e c i s i o n  making f o r  

evacuations. The l a t t e r  e x i s t ,  and they  a re  numerous. 

L i t i g a t i o n ,  d e s p i t e  t h e  

4.2.1 The No t ion  o f  "Precaut ionary"  Evacuat ion 

The concept o f  "p recaut ionary"  evacuat ion  (evacuat ion  t h a t  proves t o  

be unnecessary) i s  l a r g e l y  an a r b i t r a r y  one n o t  based on sound a n a l y t i c a l  

c r i t e r i a .  Evacuations are  a l l  ordered o r  adv ised w i t h  t h e  expec ta t i on  

t h a t  a d i s a s t e r  w i l l  occur. 

Of ten  t h i s  i s  done under c o n d i t i o n s  o f  u n c e r t a i n t y .  U n c e r t a i n t y  can 

a r i s e  i n  severa l  ways. The major  c o n t r i b u t i o n  i s  f rom t h e  i nhe ren t  
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u n c e r t a i n t i e s  i n  t h e  hazard event. 

u n c e r t a i n t i e s  r e s u l t  from problems i n  emergency response. 

can l e a d  t o  "poor" evacuat ion  dec is ions ,  but,  never the less,  ones based on 

p r o t e c t i n g  human sa fe ty .  

I n  a d d i t i o n ,  as we have documented, 

Such problems 

The concept of p r e c a u t i o n a r y  evacuat ion i s  only r e l e v e n t  i n  t h e  

I f  eva- pos t -evacuat ion  p e r i o d  when i t  can be based on a h i n d s i g h t .  

c u a t i o n  decision-makers were c e r t a i n  t h a t  a hazard would n o t  harm people, 

i t  i s  most u n l i k e l y  t h a t  an evacuat ion would be ordered. 

Our rev iew of evacuat ions i n d i c a t e  l i t t l e  va lue i n  l a b e l i n g  an eva- 

c u a t i o n  as p recaut ionary .  I n  fact ,  most beg in  as precaut ions.  Moreover, 

i n  many evacuat ions,  people leave who may no t  have been harmed, and thus, 

many evacuat ions c o n t a i n  an element of precaut ion.  It i s  o f t e n  d i f f i c u l t  

and c e r t a i n l y  f u t i l e  t o  at tempt  t o  l a b e l  p a r t  o f  an evacuat ion as pre-  

c a u t i o n a r y  and p a r t  as necessary. 

Our recommendation i s  t o  abandon t h e  n o t i o n  o f  "p recaut ionary"  eva- 

c u a t i o n  when c o n s i d e r i n g  t h e  ex tens ion  o f  t h e  Price-Anderson Act. 

Al though t h i s  may be a p o i n t  w i t h  l i t t l e  a d m i n i s t r a t i v e  s i g n i f i c a n c e ,  i t  

would make d e f i n i t i o n  of an evacuat ion much more s t r a i g h t f o r w a r d .  

respec t  t o  Price-Anderson, t h e  r e l e v a n t  d i s t i n c t i o n s  appear t o  be 

evacuat ions w i t h  o r  w i t h o u t  c o n d i t i o n s  o f  an e x t r a o r d i n a r y  n u c l e a r  occur-  

rence (ENO). An a l t e r n a t i v e  i s  t o  r e d e f i n e  an EN0 t o  i n c l u d e  a l l  events 

w i t h  an o f f i c i a l  evacuat ion.  

d e f i n e  and measure precaut ionary  behavior.  

With 

Th is  would e l i m i n a t e  t h e  need f o r  t r y i n g  t o  
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MATR I X 





, 

Table A-1. Warning systems data  m a t r i x  

1 2 3 4 5 6 
Why Process Who What When Where How 

a b 
Const r a i  nts I ncen t i ves  

A 

B 

C 

D 

E 

F 

G 

H 

Detec t i on  

Measurement 

C o l l a t i o n  

I n t e r p r e t a t i o n  

Dec is ion  t o  warn 

Message conten t  

D i  ssemi n a t i o n  

Warning 

A 1  

B 1  

c1 

D 1  

E l  

F1 

G 1  

H I  

A2 A 3  A4 A5  

B2 B 3  84 85 

c2 c 3  c 4  c5 

02 D3 D4 D5 

E2 E3 E 4  E5 

F2 F3 F4 F5 

62 G3 64 65 

H2 H3 H4 x5 

A6a 

B 6a 

C6a 

D6a 

E6a 

F6a 

G6a 

H6a 

A6b 

B6b 

C6b 

D6b 

E6b 

F6b 

G6b 

H6b 

P w 
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DATA 

The da ta  c o l l e c t e d  i s  summarized i n  code form i n  Table B-1. This  

t a b l e  l i s t s  a l l  key d e c i s i o n s  and communication l i n k s  on one a x i s  and 

u n c e r t a i n t i e s  on t h e  second ax is .  Codings i n  t h e  m a t r i x  a re  an alpha 

and numeric e n t r y  w i t h  t h e  l e t t e r  rep resen t ing  t h e  o r g a n i z a t i o n  and t h e  

number a f  t h e  s tudy  from which t h e  da ta  was der ived. 

cades a r e  found i n  Table R-2 and t h e  study codes a re  found i n  t h e  

f o l l o w i n g  re fe rence  l i s t .  For example, a code o f  0-15 a t  t h e  i n t e r s e c -  

t i o n  of t h e  " d e c i s i o n  t o  evacuate' ' and "phys i ca l  a b i l i t y  t o  communicate" 

means t h a t  documentation e x i s t s  i n  a study by t h e  Na t iona l  Weather 

Se rv i ce  on t h e  Rapid City F lood t h a t  severa l  agencies had d i f f i c u l t i e s  i n  

p h y s i c a l l y  communicating i n f o r m a t i o n  which d i s r u p t e d  t h e  d e c i s i o n  t o  

o r d e r  an evacuat ion.  

delayed communications between t h e  l o c a l  agencies who were t r y i n g  t o  

dec ide  on i s s u i n g  an evacuat ion  advisement. 

Organ iza t i ona l  

I n  t h i s  p a r t i c u l a r  case, t h e  l a c k  o f  phone s e r v i c e  
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Table B-2. C l a s s i f i c a t i o n  of o r g a n i z a t i o n a l  codes i n  Table 6-1 

P r i v a t e  

I n d i v i d u a l / c i t i z e n s  ( A )  
Organ iza t i on  w i t h  Hazard M a n a ~ e ~ ~ ~ t  Responsi b i  1 i t y  ( € 3 )  

P r i v a t e  D i s a s t e r  Response Organ iza t i on  ( Q )  
Other ( C )  

(e.g cherni cal compounds) 

Federa l  Government 

Non-regul a t o r y  Agency ( E )  

S t a t e  Government 

E lec ted  O f f i c e  ( H )  
Law Enforcement ( F )  
Emergency Serv i  ces ( G )  
Technica l  ( I )  

Local  Government 

E lec ted  O f f i c e  ( M )  
Law Enforcement (K) 
Emergency Serv ice  ( L )  
F i r e  ( P )  
Technica l  ( N )  
Miscel laneous o r  M u l t i p l e  Roles (10) 

(May i n c l u d e  o t h e r  system l e v e l  o rgan iza t i ons )  
Media ( R )  
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