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TESTIMONY OF _
DR. JAMFS H. JOHNSON, JR. ‘82 JM17 PT7UY
ON BEHALF OF JOINT INTERVENORS
JANUAKY 19, 1982

CONTENTION 1

My name is James H. Johnson, Jr. I am an Assistant
Professor of Geography at UCLA. I received a B.S. degree in
geography from North Carolina Central University in 1975, a
M.S5. in 1977 from the University of Wisconsin at Madison, and
a Ph.D. in 1980 from Michigan State University. I specialize
in urban-social geography, survey design, and sampling
technigues. My primary research interests are social and
spatial disparities within cities, migration, and environ-
mental conflict,

Much of my research in the area of environmental conflict
has focused on issues pertaining to nuclear power. In 1978, I
completed a study of the locational conflict surrounding the
vroposed siting of a nuclear waste disposal facility in
northeastern Michigan., 1In 1979, I co-authored (with
Professors Stanley D. Brunn and Donald J. Zeigler) a report on
a social survey of Three Mile Island (TMI) area residents,
which was conducted within one month of the nuclear accident.
Along with Professors Brunn and Zeigler, 1 also co-authored an
article entitled "Fvacuation From a Nuclear Technological
Disaster," vhich describes both the TMI study and its findings

regarding evacuation. (That article, which appeared in the
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January, 1981 issue of The Geographical Review, is attached to

this testimony.) We conducted a follow-up survey of TMI area
residents in 1980, but we have yet to complete the analyses on
that data. A copy of my curriculum vitae is attached.

I have been asked to summarize briefly the results of
that part of our TMI report which dealt with evacuation and to
comment in light of our findings at TMI on certain of the
evacuation plans developed for the Diablo Canyon Nuclear Power
Plant.

The accident at TMI near Harrisburg, Pennsylvania, on
March 28, 1979, provided the first opportunity for an
empirical examination of the evacuation process in the
aftermath of an unexpected and unprecedented nuclear accident
and near disaster. As geographers, the primary objectives of
our study were to (1) identify the spatial and temporal
dimension of evacuation behavior among TMI area residents; and
(2) develop a conceptual model of evacuation-decision making
in response to a nuclear accident. Because our study offered
an accurate and comprehensive assessment of evacuation
behavior in a case study context -- the first such assessment
for a nuclear power plant accident -- our findings should be
useful in the development of evacuation plans for nuclear
power plants throughout the United States.

The significant findings of our study can be summarized
as follows:

(1) At TMI, the official evacuation advisory caused
departure from a much larger area than was originally
intended or called for by the advisory. 1If only the
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persons advised to evacuate had left the area, the number
of evacuees would have been limited to the estimated
2,500 pre-school children and pregnant women within a
five-mile radius of the plant. But instead an estimated
144,000 persons, or 39 percent of the total population,
evacuated their homes in the area as far as fifteen miles
from the plant. We describe this tendency to evacuate by
people outside the designated zone of evacuation as the

evacuation shadow phenomenon,

(2) The evacuation from TMI is the longest on
record, Our study revealed that the evacuees fled a
median distance of 85 miles. Most chose destinations
north and west of the crippled reactor. This strong
directional bias appears to reflect a preference for a
site upwind from the plant, a psychological attraction to
the mountains in time of danger, and a reluctance to
select a destination in the more densely populated
metropolitan areas to the east.

(3) The majority (81 percent) of the evacuees stayed
with relatives and friends. Few people used the
evacuation shelter at Hershey, Pennsylvania, in all
probability hecause of the perceived social stress of
living in mass guarters and of the perceived locational
stress of residing at a site so close (ten miles) to the
threatening reactor. The maximum number of persons who

used the shelter in one day was estimated at only 180.
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What are the implications of these findings for
evacuation planning at Diablo Canyon? In an attempt to answer
this question, I reviewed the following documents:

(1) Fvacuation Times Assessment for Diablo Canyon Nuclear

Power Plant, Phase I and II, prepared for Pacific Gas and

Electric Company, by Alan M. Voorhees and Associates,
Berkeley, California, April and September, 1980,

(2) San Luis Obispo County Nuclear Power Plant Fmergency

Response Plan, Draft Plan Revision B, prepared by the San Luis

Obispo County Office of Emergency Services, October, 1981.
(3) "Evacuation Times Estimates," Chapter 4 in Farthquake

Fmergency Planning at Diablo Canyon, prepared by the TERA

Corporation, September, 1981.

I am of the opinion that the evacuation times estimates
derived in these studies are likely to be grossly
underestimated, in large part because each fails to consider
and allow for any of the findings of our TMI study discussed
above, including the directional bias of the evacuees, the
distances traveled by them, and, most importantly, the
evacuation shadow phenomenon. Although the evacuation shadow
may not be a major consideration in evacuation planning for
natural hazards, it is especially critical in planning for
future nuclear accidents precisely because the geographical
scope of an invisible danger such as ionizing radiation is
difficult for public officials and private citizens to
determine. Studies by Paul Slovic and others of Decisions
Research in Fugene, Oregon have shown that the risks
associated with nuclear power evoke greater feelings of dread
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than any other activities except terrorism and warfare., 1In
planning for evacuation from a nuclear disaster, it can,
therefore, be projected that any order to evacuate will cause
the departure of residents not only from the designated zone,
but also from its peripheries. The planning process should
accommodate responses from the two areas. No such
accommodation or consideration appears in any of the documents
which I have reviewed regarding Diablo Canyon. For example,
the concept of staged or partial evacuation to reduce
congestion during evacuation seems questionable in light of
the evacuation shadow phenomenon observed at TMI.

The plans also assume the willingness of the evacuees to
follow orders concerning the direction of evacuation, the
evacuation routes, and the evacuation destinations. As
described above, however, this assumption is not borne out by
our study at TMI, which showed, for example, that the evacuees
stayed at the homes of relatives and friends rather than
utilizing designated shelters and that their evacuation
destinations reflect the influence of other subjective
factors, guch as a strong directional bias, a psychological
attraction to the mountains, and a reluctance to select a
destination in the more densely populated metropolitan areas.
The failure to consider these kinds of factors in the Piablo
Canyon plans raises doubt in my mind about the accuracy of
their evacuation times estimates.

To accommodate the evacuation shadow phenomenon and
related factors in the evacuation plans for the Diablo Canyon
Nuclear Power Plant, a survey should be designed and a profile
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of the population residing within a fifty-mile radius of the
plant should be taken., Specifically, the survey instrument

should be designed to gather the following types of data or

information about the population:

(1) socioeconomic and demographic characteristics
(e.g., race or ethnicity, age and sex structure, family
size, occupation, education, automobile ownership, etc.);

(2) daily activity patterns (neighboring and other
interaction patterns, including journeys to work, school,
recreation, shopping, medical care, and church);

(3) images, attitudes, and bkeliefs abount (a) nuclear
power, (b) disasters, and (c) the agencies involved in
the implementation of evacuation plans; and

(4) decision-making in response to hypothetical
nuclear disasters of various magnitudes.

Previous reseaich on both natural and man-made disasters,
including our own study of the TMI accident, indicates that
this kind of information may influence evacuation decision-
making and, therefore, that it should be considered and
utilized in developing evacuation plans.

The results of such a survey, combined with data on tbhe
institutional population and the physical characteristics of
the area, should then be used as a basis for intelligent
decision-making, Specifically, the data could be utilized to
(a) describe the population and settlement geographies of the
potentially affected area; (b) determine the transportation
routes that would be most suitable for evacuation; (c)

establish optimal locations for evacuation shelters; (d)
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predict the movement patterns of evacuees in order to regulate
the mass evacuation of an area; (e) plan for the delivery of
emergency services and supplies in the evacuation field; (f)
create networis for the communication of disaster information
and for the delivery of services in the zone cf evacuation;
and (g) identify the locationz that would be most difficult to
evacuate because of physical constraints, personal immobility,
or attitudinal resistance.

In conclusion, I beiieve it is uniikely that the current
evacuation plans for Diablo Canyon will work, primarily
pecause they fail to incorporate our findings regarding
population evacuation behavior during the TMI accident.
Principally, the existence of the evacvatrion shadow phenomenon
could increase congestion along evacuation routes and
significantly increase the time it takes to evacuate a
designated area. The alternative approach outlined above,
which incorporates in the planning process a broad range of
social, economic, demographic, attitudinal, and physical
factors unique to the area and its populaticn, is likely to
provide a basis both for more accurate evacuation times
estimates and more effective evacuation pians to be utilized
in efforts to protect the public in the event of a serious

accident at the Diablio Canyon Nuclear Power ?Piant,
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EVACUATION FROM A NUCLEAR TECHNOLOGICAL
DISASTER®

DONALD J. ZEIGLER, STANLEY D. BRUNN, and JAMES H. JOHNSON JR.

unique peacetime technological disaster occurred in northeastern United

States in the spring of 1979: an accident in a nuclear-generating piant.

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 Harrisburg,

‘ Pennsylvania, on Wednesday, March 28, 1979, dramatically emphasized the

need to broaden the range of evacuation studies to include technological dis-

asters, particularly ones of nuclear origin  The crisis at Three Mile Island pro-

vided the first opportunity for an empirical examination of the evacuation pro-

cess in the aftermath of an unexpected and unprecedented nuclear disaster. We

used it as a case study in order to seek a foundation for geographical research

in the nascent field of evacuation behavior and planning in response to tech-

nological disasters. Our objectives are to identify the spatial and temporal di-

menstons of evacuation behavior among TMI residents, to offer a conceptual

model of evacuation-decision making in response to a nuclear disaster, and to

Syt et S ey sugpest the role for geographers in evacuation planning. Because of the unique-

ness of the case study, we offer generalizations and models to explain the

decision-making process for nuclear evacuation not as definitive conclusions
but rather as hypotheses fer future studies.

Joseph Hans and Thomas Sell compiled a list of more than 500 natural and
technological disasters that required evacuation during the period 1960 to 1673,
Thear figures indicated that an average of almost %0,000 persons per year were
forced to evacuate their homes because of hurricanes, floods, train derailments

* We thank Gyuala Paser, director of the Cartography Laboratory. Universaty of Kentucky, for con-
structing the graphis

¢ Coseph M. Hans Jrand Themas © Sell, Evacustion Kisks—An Fyvaluation (Las Vegas, Nev - US
Environmental Protection Agency, 1974, pp. 101-153

' ® D Zvicier is an assistant professor of geography at Old Dominion University,
Notfolk, Virginia 23508, Dr. Bkosn is a professor of geography at the University of
Kentucky, Lexington, Kentucky 40506 D Jonsson 1s an assistant professor of geog-
raphy at the University of Califormia, Los Angeles. Calitormia 90024,

Copuwright 0 1951 by the Amencan Geograpiacal Societu of New York
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involving toxic chemicals, and other types of disaster. Evacuations 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-
iy because of this limited scope of impact, study of evacuation from techno-
logical disaster has been neglected. Such evacuation has traditionally been
viewed as a mechanistic problem, merely a question of logistics. In this article
we hope to advance understanding of individual behavioral patterns during
evacuation from a technological accident. This understanding will allow public
ofticials and planners to base emergency-evacuation designs on documented
behavioral responses rather than on assumptions derived from the experience
of evacuations from natuial disasters.

The data for this study, hereafter referred to as the Michigan State Univer-
sity (MSL) study, were obtained from a survey questionnaire mailed to a strat-
ified randem sample of 300 households in south central Pennsylvania approx-
imately one month after the accident at TML The sample included 178
households within fifteen miles of the plant and 122 households in Carlisle,
Duncannon, and Lancaster, three communities beyond the fifteen-mile radius
that we chose to mclude in the sample Of the 267 questionnaires that reached
their destinations, 150 were completed and returned, a recponse rate of 56
percent. A detatled description of the survey design and a copy of the ques-
tionnaire appear i the final report on the TMI incident that we published
eleewhere. ! In this article we make reference to two other surveys of TMI area
residents, although the final results of each survey are yet to be published.
One survey was conducted by Mountain West Research for the Nuclear Reg-
ulatory Commission (NRC), and the second was done by a group of geogra-
phers at Rutgers Umiversity !

Theee three TMI studies provide the basis for examining the emergency-
planning process i general and evacuation planning in particular. Methods of

CHaery Dotill Moore and othiers, Betore the Wind: A Study of the Response to Hurricane Carla,
D anter Stode Noo 19 (Washington, 12 € National Academy of Sccives/Nationdl Research Coun-
cil. 1Yy, Thomas b Deabek, Social Provesses in Disaster Famaly Bvauation, Social Problems, Yol
1, 1960 ppe 3360 349, W Beck, Communication in Casis: Explaning Evacniton Symibtically,
Compmnnirations Research. Vol 2, 1975 pp. 2449, Earl | Baker, Predicting Bespomse to Hurvicane
Warning<. A Reanalysis of Data frien doar Stodivs, Miss Emergencres, Vol, 4, 1999, pp. 324 and
fonald W Terry, Fvacuation Decision-Making is Natural Disasters, Mies Exsergencies, Vol 4, 1979,
. 250N,

" Stan'oy 10 Brunn Jares 1 Jolnson Jr, aod Donald | Zeigler, Final Report ona Social Survey
of Three Mile Iland Area Residents (Last Lamsing, Mich. Michigan State University, Diepactment
of Ceography, 1979, pp. 1925

* Wonstain Wiest Research, Ine, Theee Mae tdand Telephone Survey. Prelinvinary Report o Prs.
cedurcs and Findings by Cynthia I Flyne, prepared ton the Nuclear Regulatory Commission
Washiagton, D¢ U S Goverpenent Panting Oftice, 19791, Mountan West Research, Inc,, with
Sacrd Impact Rewsarch, T The Social and Erononn: Effects of the Acadent at Three AMile Island
by Cynthis B Fiynn and James A Chatmers, poopared for the Nuclear Regulatory Commission
(Washington, [0 O U5 Government Ponting Office, 19500, and Kent Bamnes, James Brosius,
Suan Cuttor, and James Mitchell, Respurses of Impacted Fopidations o the Three Mile Island
Nuclosr Reactor Agoident An Initial Assossment, Discission Puper No. 13 (New Brunswick, W |
Rutpers Univeraty, Department of Geograpliv, 19791 The NRC study was conducted by telophone
i foly and Augost of 1979 and the Ritgers study was based on o guestionsaise mailed in April
of 1979 I peneral the results of the MSUL NEC, and Rutgers studios are’ mutvally supportive;
major differences are in the coneeptuahization and the spatial analysis of evacuation behavior and
decision making, topics that are most tully developed in the MSL report
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FVACUATION FROM NUCLEAR 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 acar-
dent demonstrated that “societies using nudlear power today must accept major
accidents not only as a theoretical possibility of no practical consequence, but
as a rick to indude 1n 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-generating facilities in the <howi run, at
least, will probably continue to operate and to proliferate. Of the existing and
planned reactors in the United States, 85 percent are sited within sixty miles
of a metropolitan core and thas cast a nuclear threat over a large proportiva of
the population *n the country.”

Evacuanion-Decision MAKING

Our study of the Three Mile Island evacuation was one of the first attempts
to document the process of evacuation under the threat of a severe technological
disaster. We designed the questionnaire to ascertain whether the respondent
evacuated and to identify the factors that influenced the decision. The results
of the sury 'y indicate that 53 percent of the population within twelve miles
of TMI evacuated, while only 9 percent beyond this limit left their homes.
We propuse a tentative model of the evacuation decision-making process and
the spatial outcome of those decisions (Fig. 15 The first question posed was
whether even to consider evacuation, 21 percent of the sample never considered
this question. The remainder considered evacuation, but only 31 percent of the
sample decided to evacuate. Several external constraints on the flow of deci-
sions existed. Some potential evacuess were undoubtedly dissuaded from leav-
ing by temporal (when), spatial (where), and operational (how) constraints.
The relationships in the diagram should thus be interpreted to present a system
of interlecking decisions rather than a series of unrelated options, Further re-
search on evacuations from nuclear and other technological disasters may sug-
pest revision and refinement of the decision-making model and, perhaps even
more impertantly, may help to identify the critical factors that influence the
decision making process.

Two spatially distingt population groups, were identified on the basis of
their reaction to the 1M1 inadent. One group, composed of individuals who
remained in their usual place of residence during the crisis, may be called the
residual population, the other group, comprising the individuals who de-
parted, 15 the redistributed population or evacuees. The MSLU study found no
statistically significant differences between these two groups in terms of oc
cupation. wome. age of household head, length of residence in south central
Pennsylvania, and pohitical ideology. Similarly the NRC study found that dif-
ferences in income, education, and occapation had no sigmificant bearing on
an individual's decision to evacuate *

* Hent Sorerson, Nudlear Power The Answer That Became a Questian, Ambio. Vol K, 1979, p 17

*Robert C, Mitchell, Public Opinion and Nuglesr Power Before and Alter Three Mide ladand,

Rispuroes, Resowives for the Futuse, January-April. 1950, pp. 87

' Policy Research Associates, Soctovcopomsc Tmpocts. Nudear Power Siting (State Colleye. Pa
Policy Rescarch Associstes tor tha Nuslesr Regulatory Commission, 1971, p. 43,

* Mountain West Research, e, with Socusl mpact Researsh, Inc, footnote 4 above, p 24
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EVACUATION DECISION MAKING
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Beginning with the stady of the population affected by Hurricane Carla,
studies of natural disasters have repeatedly confirmed the hypothesis that a
fanuly 1s the unit making the decision about evacuation.” Evacuees from sud
den natural catastrophes typically leave the hazard zone in famiy groups and
remain topether duning the crisis. The results of our survey suggest that while
the majority of evacuees left in complete family units, the proportion of partial

* Moore and others, foomote 2 above. p
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EVACUATION FROM NUCLEAR DISASTER 5

families fleeing the disaster was larger than would be expected from the con-
clusions of natural-hazard research. In charting the basic patterns of evacuation
behavior and in planning many phases of the evacuation process, the concept
of an evacuation unit, as opposed to the individuzl or the family, may best
serve as the fundamental analytical entity. We define an evacuation unit as a
single individual acting alone or a group of individuals acting in urason during
the evacuation process. Because the members of a houschold mey be unable
to agree on a decision or on procedures, a single household may generate
several evacuation units. In the MSU survey, partial families composed one-
third of all evacuation units, but in the sample communities beyond fifteen
miles from the plant, evacuation units were more likely to be partial families
than complete families. Within six miles of the plant, complete families vut-
numbered partial families by more than three to one. The high percentage of
partial familics evacuating the TMI area may be accounted for by the high
degree of uncertainty surrounding the accident itself and by the inability of
either individuals or public officials to gauge accurately the magnitude of the
malfunction at the plant,

In his study of the sudden and unexpected impact of the Denver flood of
1965, Thomas E. Drabek demonstrated that evacuation is not always the result
of a simple scenario in which families receive a warning, seek to confirm the
danger, and decide to evacuate. " Instead he proposed four separate evacuation
processes: evacuation by default, evacuation by invitation, evacuation by com-
promise, and evacuation by decision. Although Drabek’s classification scheme
was specific to forced evacuation in response to a natural disaster, we propose
a similar, but somewhat modified classification system specific to voluntary
evacuation in response to a technological disaster. In terms of the response of
families in the Three Mile lsland area, evacuation seemingly resulted from three
ditferent processes: evacuation by division, in which some members of a family
decided 1o 'vave while vther members decided to remain; evacuation by con-
sensus, in which the whole family decided that evacuation was the best course
of protective action to follow, and evacuation by compromise, in which a dead-
lock was resolved by a dominant family member in favor of evacuation. Dra-
bek's model of evacuation by default would be applicable only in the event of
a forced evacuation,

The principal factor motivating, TMI residents to evacuate was concern about
versonal safety: 94 percent of the evacuees gave this reason (Table ). Contlict-
ing reports from governmental and utility-company officials were another cnit-
ical factor. One-fifth of the evacuves indicated that the news media played a
rale in their decision. The NRC study also cited the perception of danger and
the volume of confusing information as the major reasons for evacuation. !

The reasons given by members of the restdual population tor not evacuating
were varied (Table 11, The most frequently given explanation was that no order
to evacuate was issued. The NRC study also found this response to be the most
frequent argument for staying. ' The existence of many conflicting reports was

" Deabek, footnote I above, pp. 5 e
" Moantan West Research, Ine . with Social Impact Research, tng , foatnote 4 shove, g T8,
2 Mountain West Research, Inc, with Social Impact Researeh, tnc, footnote 4 above, p 21
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Tapie H-Distance ano Evacustion Resronse
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PERCENTAGE OF RESPONDING

DISTANCE FONE HOUSEHOLDS FROM WHICH

FROM T™MI SOME MEMBERS EVACUATID
1 10 3 nuies 55
4 10 & miles 56
- 7 to 9 miles 53
10 to 12 miles 4
13 to 15 mules 13
More than 5 miles 9
. Total sample 3

£ g g . et P e T o

Source: MSU Survey, text footnote 3.

discontinuity in the vicinity of twelve miles reveals the impact of two directives
SN issued by the office of the governor of Pennsylvania on Friday, March 30. In
' the first, everyone within a ten-mile radius was advised to remain indoors, an
action known as sheltering, In the second, all pregnant women and 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 respondents who
evacuated declined sharply.
’ The evacuation-shadow phenomenon is the term used to describe the ten:
dency of an official evacuation advisory to cause departure from a rauch larger
Fe area than was originally intended. The evacuation shadow cast by the public
announcement of a very limited evacuation order extended well beyond the
zone to which the order applied. It only the persons advised to evacuate had
left the area, the number of evacuees would have been limited to approximately
2,500 preschool children and pregnant women. Instead an estimated 144,000
persons, or 39 percent of the population, evacuated their homes in the area as
far as fifteen mules from the plant.” Although the evacuaiion-shadow phenom-
enon may be a minor consideration in evacuation planning for natural hazards,
the impact of the phenomenon needs to be emphasized in planning for future
nuclear accidents precisely because delincation of the geographical scope of an
R e co IS S invistble danger such as tonizing radiation is difficult tor public officials and
private citizens to determine. In 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 also from its periph-
ertes. The planning process should accommodate responses from the two areas.

EVACUATION FIELD

In order to analyze the spatial patterns of evacuation behavior, we asked
each evacuation unit to indicate its destination. Taken together, these desti-
nations constitute the evacuation field of the sarvey respondents (Fig. 2). The
spatial pattern, as inferred from the locations of these sites, suggests a calm
and orderly movement rather than a hysterical flight. Evacuees fled 2 medion
distance of eighty-five miles from Three Mile Island. In the NRC study the
median distance was found to be one hundred miles from the plant.” In com-

" Mountam West Research, Inc. with Social lmpact Research, Ine | feotnote 4 above, p 22,
U Mountain West Research, Ine . with Sooal Impact Research, inc, footnote 4 above, p. 17
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partson with e list of evacuations compiled by Hans and Sell, the median
flight of evacy on from Three Mile Island is the longest on record, The longest
median distance given in that study was eighty miles in response to Hurmcane
Carla in 1961

Half of the evacuation units in the MSU survey chose destinations between
forty- five and ninety miles from the plant. We define the area i these limits
as the zone of perceived satvty tar 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 termterisl butier between
themselves and the source of possible danger. The outer limit of the zone seems
to imply a reluctance on the part of most evacuees to venture any father 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 contripetal forces generated by the atiachment to home,

A strong directional bias, sunilar to that identified in studies of the intra
urban mobility process, appears to have intluenced the configuration of the

U Hang and Sell, footr ote 1 above, pp 5390
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EVACUATION FROM NUCLEAR DISASTER 9

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

I a-'dition to sketching the configuration of the actual evacuation field, we
attempted to delineate a potential evacuation field for all respondents. Everyone
was asked to supply a choice of destination, if a presidential order had required
a full evacuation of the area. The map of potential sites displays a galaxy of
destinavons to the north and the west of Three Mile Island and an evacuation
hollow, an area shunned by evacuees, 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 perceived safety. The
potential destinations were also more widely dispersed, and some were not
shown on the map because they were as far away as California, Arizona, and
Florida.

EVACUATION QUARTERS

The homes of relatives and friends proved to be the preferred evacuation
quarters among, both the actual and the potential evacuees. The MSU survey
found that 81 percent of the evacuees stayed with relatives and friends. The
comparable figures were 78 percent in the NRC study and 74 percent in the
Rutgers study.™ These proportions exceed those characteristic of evacuations
from natural disasters. ' Despite the ubiquity of hotels and motels in the evac-
uation field, their use by evacuees from Three Mile Island was limited, in all
likelihood, by the financial strain that such accommodations would have im-
posed on family budgets. The use of the designated evacuation shelter in Her-
shey, ten miles from the plamt, might have been himited by the perceived social
stress of lite in mass quarters and by the perceived locational stress that evac-
uees would have experienced in a site so close to the threatening reactor. No
respondent in either the MSU or the Rutgers survey reposted utilization of the
public shelter in Hershey, and only one of the 1,500 households surveyed in
the NRC study used the evacuation shelter.'* The maximum number of persons
wha w ca ‘he shelter in one day was estimated at only 180, a situation that
seems to confirm the finding that “shelter centers are used only i nothing else
15 avanlable or if one cannot financally care for himself.”"" A reasonable con-
clusion is that the low utilization of the shelter at Hershey was partially the

= Mountain West Research, Ine . with Social Impact Research, Inc, footnote 4 above, p. 17, and
Barpies and vthers, tootnote 4 above, p 17

£ Moore and others, footate 2 above, p. %3 and Thomas E. Drabek and Keith S. Boggs, Families
ity Disaster: Reacttons and Reiatives, Jowrns! of Marrige and the Danaly. Vol 30, 198, pp. 343451,
* Rarnes and others, tootaote § above, ¢ 17 and Mountain West Rescarch, Inc , with Soctal Impact
Research, Ing,, footnote 4 above, p 25

“* Hans and Seil, footnote | above. p. 32, and Mountain West Rescarch, Inc.. with Social Impact
Reseanh, lng., fovtnote 4 above, p. 25
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mites of TMI, 47 percent of the survey respondents evacuated.
[he pattern of evacuation was influenced by both spatiai and temporal
processes (Fig 41 in this diagram each prism of the cube represents the average
behavior of evacuees originating in cach of the six distance zones used in this
analysis. The distance of the home from Three Mile Island was found to be
directly related to the destination chosen by an evacuee. In general, persons
living tarther from the plant tled to more distant locations than did individuals
living close to the plant. The same tendency was observed in the NRC study.”™ 1
This finding adds a new dimension to evacuation behavior that has not been
previously observed or predicted, and several explanations may tentatively be
offered. First, persons living closest to the plant were likely to be the maost
concerned about the safety of their homes and property. They were therefore
' inchned to remain as close as possible to home. Second, only in the closest
distance zones were residents with high personal evacuation thresholds suf-
fictently motivated to abandon their homes. If these evacuees lived a few miles

result of its location in the ten-mile zane from the reactor, Within ten to twelve
1

» Mountain West Research, Ino, with Socal Impact Research, Inc , footnate 4 above, p. 17,
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The temporal dimension of evacuation is along the third axis of the evac-
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
retirned home two to four days after departure. In the three-mile zone closest
to the reactor, 58 percent (none of whom had preschool children) stayed away
three to six days, and 42 percent (all of whom had preschool children) were
absent pine to thirteen days. As distance between home and plant increased
up to the fifteen-mile radius, the duration of stay away from home decreased.
An increase in the duration of evacuation was observed n respondents from
the three sample communities that were outside the fifteen-mile hmit,

The majority of evacuation units (54 percent) left on Friday, March 30, two
davs after the accident and the beginning of what was termed the crisis-re-
sponse period ' An identical percentage was cited by the Rutgers study, and
the NRC study reported 55 percent.”” The departure of so many persons that
day can probably be attributed to a combination of factais. Firsy, e governor's
shelterine and evacuation directives were issued on Friday when serious con-
siderat'on of a full evacuation first became public. Second, two major con-
straints on evacuation were lifted because Friday is the end of both the work-
week and the school week. Evacuees living close to the plant were likely to
leave earlier than those living in the outlying communities. Whereas 77 percent
of the evacuation units living within six miles of the plant left on or before
Friday, only one-third of the evacuation units living ten or more miles away
evacuated on Frday Al of the evacuees who reported leaving on Monday
lived ten or more miles from the plant.

A Concrrrual Mopsei oF Striss-Inpucen EVACUATION

The decision to evacuate from the Three Mile Island area may be concep-
tnalized as a behaviaral adjustment to the stressful environmental conditions
caused by the sudden nudear accident. Evacuation in anticipation of disaster
therefore becomes a stress-management technigue whereby an evacuee moves
from one location to another in an effort to reduce the strain imposed by the
perception of danger.* The stress-inducing factors during the T™MI crisis were
ihe knowledpe that radicactivity hod leaked into the environment and, more
importantly, the fear of an even Luger catastrophe, that is, a core meltdown,

Y Russell R, Dymes and others, Report of the Emergency Preparedness and Response Task Foree,
Staft Report to the President’s Commission on the Acodent at Three Mile Island (Washington,
U € US Government Prinding Offwe, 1979), p 45 Dynes divided the time after the accident in
the emerpeney tesponse pead trom Wednesday, March 28 to Friday morning. March 30, and the
erisan tesponise penod. Beginmng on Fiday moming, March 30

Barmes and others, tootnote 4 above, po 177 and Mountain West Research, Ine , with Social Impact

Research, Inc, foxnote 4 sbove, o 24

“Stantey 1 Brann, Spatial Causes and Consequences of Paychusacial Stress, i The Geegraphy
of Health and Misease (edited By jolin M. Hanter: Chaged Hill, N C. University of North Carolina,
Department of Geography, 19745 pp. 138151 W A VO Clak and Martin Cadwallader, Lao-
cational Stress and Residentiol Mobibiey, Eaveoument and Beipewr, Vol 5, 1973, pp 2941, Harnld
D Foster. The Geography of Stiess, Arer, Vol T 1979, pp. H7-108, and tutian Wolpert, Migration
as an Adjustoent to Eavirenmental Stress, fournal of Sogtal Beaes, Vol 22, 198, pp. 92-102
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GENERALIZED PERSONAL STRESS CURVES
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at the plant, Only permanent relocation 1s a more radical adjustment to per-
ceived risk than evacuation. Less radical adaptations surfaced among TMI area
residents, for example, modifications of the daily personal routine such as
rematning indoors and constant tuning te local and regional news

EVACUATION - RESIONSE THRESHOLDS
Ve B e VY S, T i ,
At any given distance from Three Mile Island, the propensity of a household

to evacuate depends on the evacuation-response thresholds of individual fam-
ily members and on the availability and the desirability of evacuation quarters
at varying distances from the source of danger. The evacuation-response
threshold is that point along an individual’s personal-stress continuum when '
the decision to evacuate is made. Individuals with low thresholds wili tend to |
evacuate even if dey hive far from the source of danger, while persons with
high thresholds will evacuate only if they live very near that source. As distance
from the plant increases, the proportion of the evacuating population decreases,
and the evacuating population includes an increased number of individuals
with low evacuation-response thresholds. The tendency of persons with low

. thresholds to move fasther from the stricken plant than persons with high |
thresholds belps to explain the pattern of evacuation-site selection with respect
to the two distance variables presented in the evacuation cube (Fig. 4).

. Generalized postaccident personal stress curves offer another temporal mea-
sure of 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 evacuees
rises above the evacuation-response threshold. The preapitous drop in the
evacueces’ level of perceived stress on Saturday was the result of departing for

R S R R R R R S I N RRRRRRRERRTRRREERRE uEREmmZTER




THE G[O(;RAI"HICAL REVIEW

B!
¥ EVACUATION QUARTERS

SELECTION O

Sty o

Location 3!
Sresy Continuum

LA, S e e |

Second

Home

family
Fnends :
» Motel ‘
’ Shaitet |

< - [ U s
N g (amp- {
v A . pround
: — e s L
wlor atenasl ‘ l l‘o‘cnﬁmall.vuumw |
Siress Lontinuum ‘
[
v Fi1G. & Selection of evacuation guartess.
!
| a destination tha: was considered a safe distance from the plant. Consequently ‘
equiltbnum was n'l-slahhshcd

o be motivated by reasons other than the need to alle- '

e Lyacuation may al:
viate stress. Gome evacu
tion-response

in the decision

o5’ stress curves may pe
n indication that the pe
o evacuate, even thoug

would not have taken the acton. Forced evacuation by gm’cmmcnml author- ‘
ities and pn-\'mu*.ly arranged plans to be absent would be other examples of :

1
l such a phenomenon. The stress curve of an individual may also rise above the

rsons may have acc
h individually they

thresholds, a
by their famiiy t

esponse
ay have been con-

evacuation-r
individuals may have had no place to o, m
i on their mobility

example, some

{iped to an institution. had constraints iIMposee

or may have

threshold, but evacuation is not an automatic result. For l
nt !
\
F

1y or other commitme

wacuation s punwlu'.\l evacuce might consider

ation quarters, which 1den
es may be projected
of actual evacuation k
forty-five and ninety

!'y a o

The pn\sihh‘ ¢

can be entered 0

niies avatlable optio

along, ecach axis of the matnx. On the

. destinations, the most desirable locations were be
- miles from the disabled reactor. The locational sty

p in this range and to demarcate 2 rone O
| stress curve, representing the

tes that a hy
search for evacu
l’vrson.\h/rd alress cury
basis of the map |
tween |
ess curve therefore ap- “
f pvru-wcd safety. A \
total social and ftinan- |
!
L
\
!
[

a matrix of the
ns (Fig. 6).

pears to d:

personal or nonlocationa

ak below individual evacua- {
,
juiesced '



Sl W 5 *7 P 4
SN P s AT AR

EVACUATION FROM NUCLEAR DISASTER 15

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 dimimishes through motels, friends, and
relatives. Although the use of second homes and campgrounds would be lim-
ited by personal circumstances, they are included as potential destinations.

EVACUATION SPACE-SEARCH MATRIX

In the space-search matrix the most desirable evacuation sites can be iden-
tified by projecting the “lowest” segment of each stress curve into the matrix.
The area, delineated in Fig. 6 by a shaded border, has three potential sites that
would be open to this particular evacuation unit. The final choice under such
circumstances would be made on the basis of nonlocational factors that enter
the selection process. While locational factors would prevail to discourage the
selection of evacuation sites either very near or very far from the nuclear plant,
nonlocational factors would influence the selection of a specific site in the
seopraphical zone of perceived safety. Each individual would perceive the
stress associated with location and types of evacuation quarters differently.
This personalized decision-making schema is only a first attempt to analyze
the thinking and the planning by which individuals and families search in the
surrounding territory for an acceptable evacuation destination.

Tur GrocrAPHER'S ROLE 1IN EMERGENCY -RESrONSE PLANNING

Until the accident at Three Mile Island, emergency-response and evacuation
planning received surprisingly little attention from either the Nuclear Regu-
latory Commission or government officials, Prior to the TMI accident, NRC had
required nuclear plant operators to develop emergency plans only for the fa-
cility itself and the surrounding low-population zone. The zone around ™I
extended only 2.2 miles from the facility. At the time of the accident, no evac-
uation plans existed for the local jurisdictions in the area. Although the three
closest counties had five-mile emergency-response plans on file, only one plan
incorporated a fully developed course of action. Two emergency plans were
developed for the state at the time of the accident, but neither one had been
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
evacuation, be designed for existing and proposed nuclear power plants on the
basis of alternative disaster scenarios for any given plant. Scenarios would
specify appropriate responses from state and utihity-company officials on the
bases of both the magnitude of the disaster and the distance of residents from
the pencrating station, The commussion considered a single evacuation plan
based on a fixed set of distances and a fixed set of responses to be inadequate.™

A thorough entigue of the plans in effect on March 28, 1979, and of the ad o planming docu-
ments that evelved i tesponse to the nuclear emergency 1 10 Dynes and others, tootnate 21 above,
AT (UL (R

Sothe Prestdent’s Commission on the Accident at Theee Male Istand, The Neod for Change: The
Legacy of T8 (Washungtun, 1. € US Government Printing Otfice, 1979, pp. 7677
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In view of the minimal attention to emergency-response planning and the
recommendation of the presidential commission to identify appropriate re-
sponses for a 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-
gency poeparedness is considered most essential in the design of plans for
evacuation and for delivery of emergency services. Expertise in spatial and
locational matters is especially critical in response to nuclear accidents and
other technological disasters. Specific 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 geographics of the potentially atfected 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 for
evacuation shelters. Additional important contributions that geographers may
make are the prediction of the movement patterns of evacuees in order to
regulate the mass evacuation of an area and to plan for the delivery of emer-
gency services and supplies in the evacuation field, the creation of the networks
for the communication of disaster information and for the delivery of emer-
gency services in the zone of evacuation, and the identification of the locations
that would be most difficult to evacuate because of physical constraints, per-
sonal immobility, or attitudinal resistances.

In addition to the magnitude of the accident, other factors may require the
formulation of contingency plans to cope with the invisible danger and de-
struction associated with a nuclear emergency. Evacuation, particularly if it
begins as a voluntary process, will vary according to the season of the year,
the day of the week, the specific weather conditions, and the availability of
gasoline supplies. Factors unique to the affected area will also need to be con-
sidered in anticipating the public response to an evacuation order, particularly
rural-urban population mix, automobile ownership, ownership of campers,
vans, and second homes, available public transportation, proportion of the
population confined to institutions, location of friends and relatives, abstruc-
tions in the transportation network, and extent of cooperation among local
governments. A clear understanding of responsibilities and prior planning of
appropriate emergency responses will help to facilitate evacuation from nuclear
and other technological disasters,
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in the Social Sciences," Cheyney, Pennsylvania.

1978 Annual Meeting, Norfolk State College and Old Dominion University Conference
on the Urban South, "The Quality of Afro-American Life in Houston, Texas: A
Ceopraphic Ferspective," Norfolk, Virginia (with Walter C. Farrell, ST s

1978  Aunual Meeting, Michigan Academy of Sciences, "Factors Influencing the
pecline of White and Non-White Operated Farms in the Central Coastal Plain
of North Carolina, 1945-1969," Ypsilanti, Michigan (with Walter C. Farrell,
= o

1978 Annual Meeting, Pennsylvania Academy of Science, "Black Philadelphians: A
Factorial Ecolopy,” Champion, Pennsylvania (with Walter C. Farrell, Jr.).

1978 Monthly Meeting, Woodbridge Neighborhood Citizen Council, "The Process of
Neighborhood Revitalization: A Case Study of the Woodbridge Community = A
Rescarch Proposal,” Detroit, Michigan.

19748 Annual Meet ing, East Lakes Division, Association of American Ceographers,
"gpatfal Variations in Attitudes Toward Nuclear Waste Disposal in Alpena,
Michigan," Bast Lansing, Michigan (with Brian J. MeGirr),

1979  Annual Meeting, Norfelk State Collepe and 01d Dominion University Conference
o the Urban South, "Black Migration to the South: A Focus on Durham,
North Carolina," Norfolk, Virginia (with Walter €, Farrell, J¥ Yo

1979  Si<th Annual Mational Coonfercnce on the Black Family, "Searching for Elbow
Room: A Perspective on Southern Black Migration," Louisville, Kentucky
(with Walter €. Farrell, Jr.).
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PRESENTATIONS (cont.):

1979

1979

1979

1979

1979

1979

1981

1981

1981

1981

Annual Meeting, Michigan Academy of Sciences, "Urban Homesteading and Historic
Preservation: Problems and Prospects,” Mt. Pleasant, Michigan (with Walter C.
Farvell, Jr.).

Annual Meeting, Pennsylvania Academy of Science, "Spatial Patterns of Alcohol
Outlets in the Washington, D.C. Black Community," Mount Pocono, Pennsylvania
(with Marvin P, Dawkins and Walter C. Farrell, Jr.).

Annual Meeting, East Lakes Division, Association of American Geographers,
"Electricity Utility Rate Reform or Maintenance of the Status Quo?" Akron,
Ohio (with Bradley T. Cullen).

Guarterly Meeting, Michigan Community Action Agency Association, "Preliminary
Review and Analysis of Electric Utility Rate Reform: Implications for Oakland
and Livingstor Counties, Michigan, Lansing, Michigan.

Moathly Meeting, Oakland-Livingston Human Services Agency, “Benefits and Costs
of Lifeline Electric Urility Rate Reform,”" Pontiac, Michigan.

Annual Meetinp, Southeast Division, Association of American Geographers,
"Locational Conflict and Public Attitudes Regarding the Burial of Nuclear
Waste: The Alpena, Michigan Experience,” Nashville, Tennessee (with Stanley
P. Brunn and Brian J. McGirr).

Faculty Seminar Series, UCLA Center for Afro-American Studies, "Spatial
Perspectives on Counter-stream Black Migration to the South."

Annnal Meeting, Western Soclial Science Association, “Electric Utility
Rate Reform: The Significance of the Spatial Factor," San Diego, California.

Annual Meeting, Southwestern Leonomics Association, "Combinational Program-
ming Solution to a Park and Ride Mass Traunsit Problem," Dallas, Texas (with
Bradley T. Cullen).

Aununl Meeting, Association of American Geographers, "Location-Allocation
Model of Vanpool Park and Ride Sites: The Lansing, Michigan Fxample,"”
tos Angeles, California (with Bradley T. Cullen and Lawrence M, Sommers) .

MUDIA THTURVIEWS AND PUBLICATIONS:

1977

1978

1979

"acentive to Poor?" response to editoriai "No Free Abortion," Tulsa World
(Aupust 26, 1977), p. 5

WEAR (radio), East \ aing, Michigan, "Nuclear Waste Disposal in North-
castern Michigan,"

"Lifeline Bill Will Not Aid Poor," The State News (October 9, 1979) with
Bradley T. Cullen.
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MEDIA INTERVIEWS AND PUBLICATIONS' (cont.):

1979

1979

WKAR (radio), East Lansing, Michigan, "Social Survey of Three Mile Island
Area Residents.”™ (With Stanley D. Brunn and Donald J. Zeigler)

WELM, Channel 11, East Lansing, Michigan. "Preliminary Report on a Social
Survey of Three Mile Island Area Residents." (With Stanely D. Brunn and
Ponald J. Zeigler)

ARTICLES WRITTEN BY OTHERS ON VARIOUS TOPICS:

1978

1978

1979

1979

1979

1979

Fran Murray, "Alpena Residents Still Oppose Nuclear Waste Site," press
release, Department of Information Services, Michigan State Univeraity,
East Lansing, Michigan, September 21, 1978,

United Press International. “Alpena County Still Against a Waste Dump Site,"
Detroit News (September 24, 1978). A number of other Michigan cities’
newspapers carried accounts from the original news release,

Fran Murray, "Residents of Three Mile Island Area Fear Impact of Disaster,"
press release, Department of Information Services, Michigan State University,
East Lansing, Michigan, May 18, 1979,

Fran Murray, "U Survey of Three Mile Island Issue," MSU News Bulletin
(Detober 18, 1979), p. 2. :

Ellis Cose, "In the Aftermath of Three Mile Island," Detrolt Free Press
{(Uctober 31, 1979), p. LlOA,

Karen Zurawski, "Fastown Community Association Study Movements of People,"
Photo Reporter (October 1, 1979, p. 1.




