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EVACUATION FROM A NUCLEAR TECHNOLOGICAL
DISASTER"

DONALD J. ZEIGLER, STANLEY D. BRUNN. and JAMES H. JOHANSON Jit.

States in the spring of 1979: an accident in a nuclear-gencrating plant
Because of the proliferation of nuclear power plants throughout the
world, the possibility of comparable disasters elsewhere increases We chose
to examine one aspect of the 1979 American disaster evacuation of the affected
population. The nuclear accident at Three Mile Island (TMI) near Harnshurg,
Pennsylvania, on Wednesday, March 28, 1979, dramatically vmphasized the
need to broaden the range of evacuation studies to include technological dis-
asters, particularly ones of nuclear origin. The crisis at Three Mile Istand pro-
vided the hirst opportunity for an empirical examination of the evacuation pro-
cess in the aftermath of an unexpected and unprecedented nuclear disaster Wy
used 1t as a case study in order to seek a toundation for geogiaphical research
in the nascent held of evacuation behavior and planning in response to 1o he
nological disasters. Our objectives are to identify the spatial and temporal di
mensions ot vvavuation behavior among 1M residents, to ofter o concentual
model of evacuation-devision making in response to a auclear disaster. and to
suggest the role tor geographers i evacuation pl ming. Bocatse of the anngue
ness of the case study, we otter generalizations and models to explatn thy
decision=making provess for auclear evas uation ot as detinive oo lisioms
but rather as hypotheses tor tuture studios
Joseph Hans and Thomas Sel! compiled a i1 of more than 300 natural and
technological disasters that required evacuation wadring the period 1960 1o 1973
Their figures indicated that an average of almost 90,000 persons per year were
forced to evacuate their homes because of hurricanes. floads. train deratliments

3 unique peacetime technological disaster occurred in northcastern United

" We thank Gyula Pauer, dirvctor of the Cartegraphy Laboratory University of Kentuoky . for o
structing the graphigs

foseph M Lans It and Thomas C Sell Evovuation Rishs- An Lyaluation (Las & eeios Nev U s
Environmental Protection Agency, 1974) peoI01- 133
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2 THE GEOGRATHICAL REVIEW

involving toxic chemicals and other types of disaster Cvacuations from tech-
nological disasters accounted for only one-fourth of the incidents listed by
Hans and Sell. In terms of affected area and population each technological
incident lacked the large-scale effect that characterized natural disasters * Part-
ly because of this limited scope of impact. study of evacuation from techno-
logaeal disaster has beon neglected. Such evacuation has tradetionally been
viewed as a mechanistic problem, merely a question of logistics. In this article
wt hope to advange understanding ot individual behavioral patterns during
evacuation from a technological accident. This understanding will allow public
Otliciais and planners to base emergency-evacuation designs on documentyd
behavioral responses rather than on assumptions derived from the experience
of evacuations from natural disasters.

The data for this study, hereafter referred to as the Michigan State Univer-
ity (NMSLY study, were obtained from survey questionnaire matled to a strat-
thied random sample of 300 households 1n south contral Pennsvivaniy appros-
imately one month atter the accident at TMIL The sample included (78
houscholds within hfteen miles of the plant and 122 households in Carlisle
Duncannon, and Lancaster. three communities beyond the fifteen-miie radius
that we chose to include in the sample. Of the 207 guestionnaires that reache
their destinations. 150 were completed and roturned. o response rate of s
percent. A detailed description of the survey design and a cupy of the guies-
tlonnaire appear in the final report on the T™MI incident that we published
elsewhere ' In this article we make reference to two other survevs of TMI area
residents, aithough the final results of each survey are vet to be puthshed
One survey was conducted by Mountain West Research for the Nuciear Reg-
ulatory Commission (NRC), and the second was done by a group of geuvgra-
phers at Rutgers University ' '

These three TMI studies provide the basis for examining the emergeney -
planning process in general and evacuation planning in particular Methods of

- - .- V- . sas -

Haerv sl Moore and others, Before the Wind A Study of the Response to | lurricanc Carla
Dsastor Study No 19 (Washington, D. C.: National Academy of Sciences National Research Coun-
ail, 19831 Thomas E. Drabek, Social Processes in Disaster: Family Fvacuation Socui Prablems Vol
i INAY o Ve=ddY B M Beck Sommunicabion in Crisis Exph.mng Lvacuation Symbolically
Commionattons Research, Vol, 2, 1975, PP 24-49 Earl | Baker Predicting Response to Hurricane
Warninus A Reanalysis of Data from Four Stodies. Mass Emervencice. Vol 4, 1979 PP 9-24 and
Ronald W, Perry. Evacuation Decision-Making in Natural Disasters. Muss Emergencies Vol 4, 1979
pp 2% 0N

ankey D Bruan . lames 1L Johnson [r . and Donald |, Zeicler Boaal Repurt on 2 3uciil Sumws
o Three Mule Isiand Area Residents (East Lansing. Mich. Michigan State Univers i, Departmen:
Of Lieography 1979 e INe38

Mountaiin West Research, Ine . Theoe Mile island Telephone Susvey Mrcliminan Report un Pro-
cedures and Findings by Lynthia B Flynn prepaeed tor the Nuclear Regulaton Commission
‘Washington, D ¢ L = CGovemment Dentng Ofice [NT9) Mountain WWest Researeh  ine wtth
Suctal Impact Research. inc . The Social and Economic Effucts of the Actident at Three Mi!v Island
by Cinthia B8 Flynn and James A Chalmers, prepared tor the Nuclear Regulatory Commission
Washington D C. U.s Covernment Mrinting Office. 19801 and aent Bames lumes Rrne e
Susan Cutter and james Mik fell. Responses of Impacted Papulations to the Three Mile 'sland
Nuclear Reactor Aceidunt. An (nstial Assessment. Discission Piaper Mo 13 (New Brunswick. N |
Rutgees University, Department or Ceographv  1979) The NRC study was conducted by telennoae
in July and August of 1979 and the Rutgers studv was based on a questionnaire maiied in April
of 1979 In generai the results ot the MSU. NRC and Rutgers studies are mutually supporive
malor ditferences are in the conceptualizanion and the spatial analvsis of evacuation behavior ind
denision making, topics that are most fully developed in the MSL report
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EVACUATION FROM NUCLLAR DISASTER 3

coping with the consequences of nuclear disasters are certain to attract consid-
erably more interest than they have to date for several reasons. The TMI acci-
dent demonstrated that “societios using nuclear power today must aceept major
accidents not only as a theoretical possibility ot no practicai consequence, but
as a risk o include in actual planning. " The results of state and nationwide
opinion polls conducted since the accident at TMI indicate that supporters of
nuclear power. though now insisting on higher safety standards. still outnum-
ber persons who oppose it." Nuclear-gencrating tacilitivs in the short rur, at
feast, will probably continue to operaic and to proliterate. O the existing and
planned reactors in the United states, ¥5 percent are sited within sixty mies
of a metropolitan core and thus cast a nuclear threat over a large proportion ol
the population in the country

Evacuatton Dromion Meoniag

Qur study of the Three Mile [sland evacuation was one of the irst attempis
to document the provess of evacuation unduer the threat ot a severe technaologai
disaster. We designed the questionnaire to ascertain whether the respondent
evacuated and tg identify the factors that influenced the decision. The results
ot the survey indicate that 53 percent of the popuiation within twelve miles
of TMI evacuated, while only ¥ percent beyond this limit feft therr Bomus
We propose a tentative model of the evacuation decision-making proces s and
the spatiai outcome of those decisions (Fig. 11 The firsst guestion posed was
whether even to consider evacuation; 21 percent of the sample never considerd
this question, The remainder considered evacuation, but only 31 percent ot the
sample decided to evacuate, Several external constraints on the flow of deci-
sions existed. Some potential evacuves were undoubtedly dissuaded fronn dees -
ing by temporal (wheni, spatial (where), and operational (how) constraints
The relationships in the diagram should thus be interpreted (0 present o svstem
of interlocking decisions rather than a seres ot unrelated optinas Further res
search on evacuations from nuclear and other technalogical disasters may s
gest revision and refinement of the decision-making model and, perhaps cven
more importantly, may help to adentity the crtical factors that intlaence thae
decision-making process

Two spatally distinct population groups were sdentified on the basis ot
their reaction to the TMIE mcident. One grougs composed ot individials wi
rematned in their usual place of residence during the crisis, may be called the
residual population, the other group, comprising the individuals whu o
parted. 15 the redistributed population or evacuees. The MSU study tound an
statistically significant ditferences between these two groups in terms of oc-
cupation, income, age of household head. length of residence in south central
Pennsvivania, and political ideology. Simularly the NRC study found that dit-
ferences 1n income, education, and occupation had no signibicant hearing on
an individual's decision 1o evacuate.”
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EVACUATION DECISION MAKING

Decisions to be Made Spatial Outcome of the
[ TRk Decis:‘on-Making Process
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Fi¢. l~=Evacuation decision making

Beginning with the study of the population atfected by Hurricane Carla
studies of natura| disasters have repeatedly confirmed the hypothesis that a
family is the unit making the decision about evacuation.” Evacuees from sud-
den natural catastrophes typically leave the hazard zone in family groups and
remain together during the crisis. The results of our survey suggest that while
the majority of evacuees |eft In complete family units, the proportion of partial

Moore and others tootnotwe 2 above p T
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the second-most frequently cited reason for not evacuating. Paradoxically this
was also the second-most widely cited reason among the persons who chose
to evacuate. Conflicting information was thus used by some residents to justiry
a decision 1o leave and by others to sty a decision to stay

THE CLoGRAPHY OF Evacuation rkom TMI

On the basis of the redistribution of population in the immediate aftermath
ot the Three Mile Island disaster. we were able to delineate two distinet but
overlapping regions: the Zone of evacuation and the evacuation held. The first
Zone comprises the areas left by the evacuees, and the second was the aren to
which the evacuees fled.

LONE OF EVACUATION

The pattern of voluntary evacuation from Three Mile Island clearly reveais
a distance-decay relationship that illustrates both the effect of governmental
directives and the evacuation-shadow ohenomenon. The distance-decay func-
tion shows a sharp discontinuity approximately twelve miles from the plant
(Table !l Within a twelve-miie radius of the disabled reactor, 33 percent of
the sampic reported that at least part of the household evacuated. Beyond
twelve miles, only 9 percent of the sample reported evacuation. The sharp
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EVACUATION FROM NUCLEAR DISASTER

TasLe [H=DiSTANCE AND EVACUATION RESPONSE
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discontinuity in the vicinity of twelve miles reveais the impact of two directives
1ssued by the office of the governor of Pennsylvania on Friday, March 3U. In
the lirst, everyone within a ten-mile radius was advised to remain indoors, an
action known as sheltering. In the second, all pregnant women und preschool
children within a five-mile radius of the plant were advised to evacuate The
first directive seemed to establish the critical evacuation boundary in the minds
of area residents. Beyond the ten-mile limit the proportion of respundents who
evacuated declined sharply

The evacuation-shadow phenomenon is the term used to describe the ten-
dencvy of an otticial evacuation advisury to cause departure from a much larger
area than was originaily intendea. 1ne evacuation shadow cast by the pubilic
announcement of a very himited evacuation order extended well beyond the
zone do which the order applied. If only the persons advised to evacuate had
left the area, the number of evacuves would have been limited to approximately
2.500 preschool children ana pregnant women. Instead an estimated 144,000
persons, or 39 percent of the population, evacuated their homes in the area as
tar as fitteen miles from the plant ' Although the evacuation-shadow phenom-
CHon may B minor consideration i evacuation planning for aatural hazards
the tmpact ot the phenomenon aceds to be emphasized in planning tor fatur
nuclear acaidents provisely because delineation ol the geographical scope of an
invisible danger such as ionizing radiation s ditficult tor public ofticials and
private citizens to determine. [n planning for an evacuation from a nuclear
disaster, it can therefore be projected that any order to evacuate will cause the
departure of residents not only from a designated zone but aiso from its periph-
eries. The slanning process should accommodate responses from the twio areas

EVACUATION FITLD

In order to analyze the spatial patterns of evacuation behavior, wo ashed
each evacuation unit to indicate its destination. Taken together. these dest:-
nations constitute the evacuation fivid of the survey respondents (Fig. 2) Thy
spatial pattern, as inferred trom the locations of these sites. sezgests a calm
and orderly mosement rather than a hveterical thieht. Evacuees tod 3 median
distance ot vighty-five miles trom Three Mile Island in the NRC study the

median distance was tound to be one hundred miles from the plant ' in com-

Mowntnn Weost Rescarci fne o sath social Impact Boseanch ine . foothote 4 b v 22
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panisan with the hist of evacuations compiled by Hans and Sell the median
thght of evacuation trom Three Mile Isiand s the longest on record. The longoest
median Jdistance given in that study was eighty miles in response to Hurricane
Carla in 1961,

Halt ot the evacuation units in the MSL survey chose destinations between
torty-five and ninety miles from the plant. We define the ares .« these limits
s the zone of perceived safety far from the nuclear site. The inner boundary
of this zone, shown on Fig. 2 by a dashed line, suggests that the evacuees
sought destinations far enough from the plant to put a territorial buffer between
themselves and the source of nossible danger. The outer limit of the zone scems
to imply a reluctance on the part of most evacuees to venture any farther than
necessary from home. The zone of perceived safety represents the spatial out-
come of the tension between centrifugal forces generated by the perception of
danger and centripetal forces generated by the attachment to home.

A strong directional bias, similar to that identified in studies of the intra-
urban mobility process, appears to have influenced the contiguration of the

Hans and Sell, tootnote | above rp 83-90



nedian
onyest
Ticane

tween
limits
indary
acuees
tween
WUMs
v than
al out.
tion at

ntra-
ot the

— i

e . —— . <

EVACUATION FROM NUCLEAR IM>ASTER Y

evacuation tield. Although only one of every ten evacuation units chose dos-
tinations in the quadrant southeast of TMI, almost half chose destinations in
the quadrant nortiywest of the crippled reactor The directional bias was the
consequence of several interrclated factors The most important considerations
seem to have been a preference for a site upwind trom the plant, a psyvholpgreal
attraction to the mountains in time of danger, and a reluctance o select a
destination in the more densely populated metropolitan areas to the cast. These
factors, and possibly others, require further investigation before behavioral
models of the evacuation site-selection process can be constructed

In addition to sketching the configuration of the actual evacuation fivld e
attempted to delineate a potential evacuation fivld for all respondents Eve yong
was asked to supply a choice of destination, if a presidential order had revutred
a full evacuation of the area. The map of potential sites displays a galaxy of
destinations to the north and the west of Three Mile Island and an evacuation
hollow, an area shunned by evacueces, around the reactor (Fig. 3). The maps
of actual and potential fields are similar in many respects, although the map
of potential destinations has a less clearly defined zone of perccived safety. The
potential destinations were also more widely dispersed, and some were not
shown on the map because they were as far away as Calilornia, Arizona, and
Florida.

EVACUATION QUAKTI Rs

The homes of relatives and friends proved to be the preterred evacuation
Quarters among both the actual and the potential evacuees. The MSU survey
found that 81 percent of the evacuees stayed with relatives and tricads 1he
comparable tigures woere T8 percent in the NRC study and 74 percent in the
Rutgers study " These proportions exceed those characteristic of o acuations
from natural disasters " Despite the ubiquity of hotels and motels a0 the v
uation ficld, their use by evacuees trom Three Mile [sland was linstod o ol
likelihocd, by the Enancial stran that such accommaodations would have 1m
posed on family budgets. The use of the destenated evaciation shelter on e
shey, ten miles from the plant, micht have beer Lnited by th Prrsein e S8y
stress of life in mass quarters and by the percen ed locational stress that o -
uees would have experienced 0 oa site <o ¢lose to the threatering reactor. N
respondent in either the MSU or the Rutgers survey reported utilization o the
public shelter in Hershev. and only one ut the | 300 houscholds surveved
the NRC study used the evacuation shefter. ™ The maxiimum number of PUr s
who used the sheiter in one day was estimated at only I8, a situation that
seems to confirm the finding that “shelter centers are used only if nothirg clse
18 available or if one cannot inancially care for himself ™ A reasonable on-
clusion is that the low utilization of the shelter at Hershey was partially the

- ——— e ———

" Mountn West Researech, fnc with Socl Tmpact Kesearch, e loastnode | daone o
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Moore and others, footnote 2 above. p 91 and Thomas £ Drabek and Roith = Bowvgs. Families
in Disaster: Reactions and Rulatives, fosisnal or Marmage amd the Famitdy. Vol M0 (9e% ap 447 43
"* Bammes and others, toutnote 4 above. p 17 and Mountan Wost Research, 1 . with Socil ot
Research, In¢. tootnote 4 above p 25
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result of its location in the ten-mile zone from the reactor. Within ten to twelve
miles ot TMI, 47 percent of the survey respondents evacuated

The pattern of evacuation was influenced ty both spatial and temporal
processes (Fig. 4). In this diagram each prism of the cube represents the average
behavior of evacuees eriginating in each of the six distance zones used in this
analysis. The distance of the home from Three Mile Island was found ‘0 be
directly related to the destination chosen by an evacuee In general, persons
living farther from the plant fled to more distant locations than did individuals
fiving close to the plant. The same tendency was observed in the NRC study
This finding adds a new dimension to evacuation hehayior that has not been
previousty observed or predicted, and several oy planativns may tentatively be
ottered. First, persons living closest to the plant were likely to be the most
concerned about the satety of their homes and property. Thev were theretore
inclined 1o remain as dose as possible 10 home Second, only in the closest
distance zones were residents with high personal evacuation threshoids suf-
iciently motivated to abandon their homes. |f these evacuevs lived a few miles

Mountain West Kesearch Inc with Social Impact Research Inc. footnate 4 aboye
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SPATIAL AND TEMPORAL DIMENSIONS
OF EVACUATION
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The temporal dimension of cvacuation is along the third axis of the evae.
uation cube and represents the date and the duration of evacuation (Fig. 4)
The length of the hinges on which the prisms hang denotes the average du-
ration of evacuation, while the position of the hinges denotes the average date
of departure and return. The length of stay away from home among respon-
dents ranged from one to sixteen days. but 54 percent of all eVacuation units
returned home twao to four days atter departure. In the three-mile zone closest
to the reactor, 3% percent (none of whom had preschooi children) staved away
three 1o six days, and 42 puercent Lall ot whom had preschool children) werg
absent nine to thirteen davs. As distance between home and plant increased
Up to the titte:n-mile radius, the duration of stay away trom home decreased
AN increase in the duration ol “vacuation was observed 1n respondents trom
the three sample communitios that were outside the Hiteen-mile limat

The majority of evacuation HARS (S percent) et on Frda March 30, two
davs atter the accident and the beginning ot what was termed the crisis-re-
spanse period ' An identical Percentage was vited by the Rutgers study apd
the NRC study reported 33 percent.s: The departure of xo many persons that
dasy can probably be attributed to a combination of tactors Frest. the Rovernor's
sheltering and evacuation directin es wure issued on Fridav when serious cons

sideration or a tull o acuation tirst boecame nubli, second. bwe maior gon-
SIS cnevacuation sserg lifted Begause Friday is the end of koth the wirk.
Wk angd fhig ! b Bvaciees Tiving dlose to e plant were bikelv 1o
bave wiche' Sk thaong Hy ing in the vutlyving communiies |4 hereas 77 aercont

the evacualion units nving within <ty miles of the plant left oA or before
Fridav. onis one-third o the evacuation units ving ten or more miles awan
rvacuated on Frdav A of thw evacucees who reported leaving on Momday
ved e or more miles from the plant

A Concrrruat Monet or StrEss=INDUCED Evacuation

Ihe decision 10 evacuate from the Three Mile Island ar may be concep-
tualized as a behavioral adjustment to the stressful environmental conditions
caused by the sudden nuclear accident Evacuation in MtCipatton of disaste
theretore becomes a stress=management technigque whereby an EVACULe moves
from one location 1o another i an effort to reduce the strain imposed by the
perception of danger +* The stress-inducing factors during the TMI crisis weryg
the knowledge that radivactivity had leaked into the environment and, maore
importantly, the fear of an even larger catastrophe. that is, a core meltdown.

Russell R Dynes and others Report ot the Emerzency Preparedness and Rosponse Tash Force
Staft Report to the Prosident s Commission on the Accidont at Three Mile Island (Washington
D C USs Covernment Printing Office 1979) p 43 Dvnes divided the time after the \ecident in
the emergency-respanse penod from \Wednesday, March 3 1o Fridav morning. March 30, and the
Crisis-response period beginning on Fraday morming. Mareh 30
“ Bames and others watnate 4 above. p 17 and Moantain \yest Rescireh. Ine . with Social Impact
Rusearh, Ine foatnute 4 above » 24

Staniey O Brunn. Spatial Canses and Conseguences of ['ey VRosocial Stress i The Goeography
of Health und Disease fedited by john M Hunter Chapel Mill N O Universiis ot North Caroling
Department of Ceography. 107§ PP IM=133. W AV Clark and Martin Cadwallader Lo
catonal Stress and Residential Mobility, £nsormmint tned Beliizor. Vol R 1473 pp 29-41 Harpld
D Foster. The Geography of Stress  teiw Val 1] 1979 PR 107108 and Lilian Wolpest Migration
As an Adpusiment o | Avieranmental Stevss, Jorrmad of Sis ol Bastirs Mol 22 1 pp 822002
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GENERALIZED PERSONAL STRESS CURVES
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at the plant. Only permanent relocation is a more radical adjustment 1o per-
cetved rigk than evacuation. Less radical adaptations surfaced among TM! arca
residents, for example, moditicatvons ot the daily personal roctine such as
remaining indoors and constant tuning to local and regional news

FVACUATION=RESPONSE THRESHOLDS

Atany given distance trom Three Mile Isiand. the propensity of a houseiold
to evacuate depends on the evacuation-response thresholds of individuasd im-
iy members and on the availability and the desirability or evacuation yearters
at varying distances trom the source of danger The CVACUANON - FOS POnse
threshold ts that point along an individual's personal-stress continuum when
the decision to evacuate is made. Individuals with low thresholds will tend to
evacuate even if they live far from the source of danger, while persans with
high thresholds will evacuate only it they live very near that source As distance
trom the plant increases, the proportion of the evacuating population decreases,
and the evacuating population includes an increased number of individuais
with low evacuation-response thresholds The tendency ot persons with low
thresholds to move tarther trom the strichen plant than persons with high
thresholds helps to explain the pattern of evacuation-site selection with respect
'o the two distance vanables presented in the evacuation cube (Fig 4)

Ceneralized postaccident personal stress curves offer another temporal mea-
sure ot responses to the disaster (Fig. 5) The increased perception of stress on
Friday is apparent on both stress curves, but only the curve for the CVaCuees
rises above the evacuation-responsce thresnold. The precipitous drop in the
evacuees level or perceived stress on Saturday was the result of departing o
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14 THE GEOCGRAPMICAL KEVIEW

SELECTION OF EVACUATION QUARTERS
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A destination that was considered a safe distance from the rlant. Consequently
eyutlibrium was reestablished

Evacuation may also be motivated by reasons other than the need to alle-
viate stress. Some cvacuees’ stress curves may peak below individual evacua-
flon-response thresholds, an indication that the persons may have acquiesced
in the decision by their family to evacuate, even though individually they
would not have taken the action. Forced evacuation by governmental author-
ities and previously arranged plans to be absent would be other examples ot
such a phenomenon. The stress curve of an individual mav also rise above the
evacuation-response threshold, but evacuation is not an automatic result. For
example, some individuals may have had no place to go, may have been con-
fined to an institution. or may have had constraints imposed on their mobility
by a jub or other commitment

The possible evacuation sites that a hypothetical evacuee might consider
can be entered in a matrix of the search for evacuation quarters, which iden-
tifies available options (Fig. 6). Personalized stress curves may be projected
along each axis of the matrix. On the basis of the map of actual evacuation
destinations, the most desirable locations were betwecn forty-five and ninet:
miles from the disabled reactor. The locational stress curve thercfore ap-
pears to dip in this range and to demarcate a zone of perceived saferv A
personal or nonlocational stress curve, representing the total social and finan-
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cial strain perceived to be associated with various types of evacuation quarters,
was drawn to conform to the preferences expressed by survey respondents.
The curve peaks at public shelters and diminishes through motels, friends, and
relatives. Although the use of second homes and campgrounds would be lim-
ited by personal circumstances, they are included as potentiai destinations,

EVACUATION SPACE=~SEARCH MATRIX

In the space-search matrix the most desirable evacuation sites can be 1den-
tified by projecting the “lowest” segment of each stress curve into the matrix.
The area, delineated in Fig. & by a shaded border, has three potential sites that
would be open to this particular evacuation unit. The tinal choice under such
cireumstances would be made on the basis of nonlocational factors that enter
the selection process. While locational tactors would prevail to discourage the
selection of evacuation sites either very near or very tar from the auclear plant
nonlocational factors would influence the selection of a specific site in the
geographical zone of purceived safety Each individual would perceive the
stress associated with location and types of evacuation quarters ditferently
This personalized decision-making schema is only a first attempt to anaivsy
the thinking and the planning by which individuals and families search 1 the
surrotmding weerttory for an acceptable evacuation destination

Toie Geourarings Rovk in EMERGENCY ~RESFONSE PLANNING

Until the accident at Three Mile Island, emergency-response and evacuation
planning received surprisingly little attention trom either the Nuclear Kegu-
latory Commission or government otticials. Prior to the T™I accident, NRC had
required nuclear plant operators to develop emergency plans only for the ta-
cility itselt and the surrounding low-population zone. [he zone around T™I
extended only 2 2 miles from the facility. At the time of the accident, no evac-
uation plans existed tor the local jurisdictions in the area. Althuugh the threy
closest counties had five-mile emergency-response plans on file, only unv plan
incorporated a fully developed course of action. Two emergency plans were
developed tor the state at the time of the accident, but avither une had becn
approved by NRC.*

After noting the low priority that the Nuclear Regulatory Commission had
accorded emergency-response planning, the President’s Commission on the
Accident at Three Mile Island recommended that emergency plans, including
evacuanon, be designed tor existing and proposed nuclear power plants on the
basis of alternative disaster scenarios for any given plant. Scenarios would
specity appropriate responses from state and utility-company officials on the
bases of both the magnitude of the disaster and the distance of residents from
the generating station. The commission considered a singie evacuation plan
based on a fixed set of distances and a fixed set ot responses to be madeguaty

- ——— - ———— - -

' A thorough critique Of the plans in effect on March 25, 1979 and ot the o i plannmg diu-
ments that evolved in response to the nuchar emergenay s in Dvnes and others foataore 21 above
e 101 tov

TOThe Prosident & LU omnpssion sin e Ao wlent at 1 heee Shile island, The Newd Lor T Te

Legacy ur TMIE (Wastungton D C U 5. Covernment Printing Obice, 19791 nre s
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8 THE CROGRAPHICAL KIVIEWY

In view of the minimal attention to emergency-response planning and the
recommendation of the presidential commission to identify appropriate re-
SPORSes for g range of conditions, there seems to be ample opportunity for
geographers to contribute to the design and the implementation of emergency-
response plans for nuclear emergencies. The role of the geographer in emer-
Buny preparedness is considered most essential in the design of plans tor
evacuation and for delivery of emergency services Expertise in spatial and
locational matters is especially eritical in response to nuclear accidents and
other technological disasters. Specitic contributions of the geographer include
the identification of the areas to be evacuated on the bases of distance and
direction from the disaster site, the description of the population and settle-
ment geographies of the potentially affected areas as a basis for intelligent
decision making, the determination of the transportation routes that would be
most suitable for an evacuation, and the establishment of the locations far
evacuation sheiters. Additional important contributions that grographers may
make are the prediction of the movement patterns of evacuces in order to
regulate the mass evacuation of an area and to plan for the delivery of emer-
Bency semvices and supplies in the evacuation field, the creation of the networks
tor the communication of disaster information and for the dehivery of ¢mer-
SUACY sers wes in the zone of evacuation, and the identification of the locations
that would be most aitficult to evacuate buecaase of phvsical constraints purs
sonal immaobility. or attitudinal rosistances

In adddition 1o the magnitude of the accident, other tactors may require the
formulation of contingency plans to cope with the invisible danger and de-
struction assoctated with a nuclear emergency. Evacuation, particularly if 1t
begins as g voluntary process, will vary according to the scason of the vear
the day ot the week, the Specific weather conditions. and the avalability ot
gasuline supphes. Factors unique to the attucted area will also need to be con-
sidered in anticipating the public response to an evacuation order, particularly
rural-urban papulation mix, automobile ownership, ownership of campers,
vans, and second homes, available public transportation, proportion of the
Population confined to institutions. iocation of trmends and rolatives, obstruc-
tions in the transportation network. and extent of cooperation among local
governments. A clear understanding of responsibilities and prior planning of
2ppropriate emergency responses wi || help to facilitate evacuation from nuclear
and other technolog:cal disasters.
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