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Executive Summary

Over 600,000 people live within twenty miles of the Three Mile Island (TMI)

nuclear power plant near Harrisburg, Pennsylvania. P!ans to evacuate that large population
were developed during the TMI accident.

This report describes the crash effort to prepare evacuation plans while scien-

tists and technicians worked to assess and mitigate the potential hazard from the damaged

reactor. Performed in an atmosphere of intense pressure, preparedness planning focused

on the essentials of a large-scale evacuation. Lessons learned at TMI are applicable both to

quick-response and to more deliberate evacuation planning efforts.

SCOPE AND COVERAGE

The report describes the detailed evacuation planning effort in the "risk" coun-
ties, the coordinating and support roles of State and Federal emergency management
agencies, and the preparations of "host" counties to receive evacuees. The report is
primarily concerned with preparedness planning under crisis conditions, and with the
emergency management agencies that participated heavily in this phase of evacuation

planning. Those agencies were, essentially, the County Emergency Management Agencies,
supported by the Pennsylvania Emergency Management Agency (PEMA) and the Defense
Civil Preparedness Agency which, with the Federal Disaster Assistance Administration
(FDAA), has recently been incorporated in the new Federal Emergency Management
Agency.

Since this report concentrates on the problems of preparation of State/County
evacuation plain, only incidentally does it consider the more major role of the Federal

Disaster Assistance Administration (FDAA), which was designated the lead Federal Agency
for the overall disaster-response operation, and which was prepared to coordinate the evac-

uation effort had it occurred. FDAA's activities as described in a June 1979 public release

are included in the Appendix to this report (pages 189-193).

Activities of the Nuclear Regulatory Commission and Pennsylvania's Bureau of
Radiation Protection are discussed briefly. Based largely on public testimony, these chap-
ters are not intended to be authoritative; they are included to help describe the "notifica-
tion" and "definition of hazard" problems faced by preparedness agencies in planning for
an evacuation.
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SOURCES

On-site observation, interviewing, and document collection began on Friday
evening, 30 March, and continued through much of the following week. Other primary
sources included debriefings of virtually all DCPA staff assigned to the planning effort;
interviews with numerous participants; PEMA logs, working documents, and debriefings
of their staff and local Emergency Management Coordinators; public testimony by key
participants; and a large collection of local planning documents generated during the
emergency. Important background documents included DCPA Crisis Relocation Planning
guidance, Red Cross accounts of their extensive efforts during the crisis, and th impor-
tant set of volumes on emergency management prepared by the Center for Policy Research
of the National Governors' Association. A detailed listing of sources appears in the
appendix.

SUMMARY

Part One: Overview and Chronology of the Accident establishes the principal
phases of the emergency and of preparedness planning for a possible evacuation.

Part Two: Federal Agency Involvement presents separate chapters on NRC
and DCPA. The NRC chapter highlights the Agency's problems in defining the hazard
and communicating that definition to preparedness agencies. The DCPA chapter empha-
sizes that Agency's experience in working with disaster operations and its use of DCPA
personnel to augment State- and county-level planning for an evacultion.

Part Three: State Agency Involvement summarizes the activities of Pennsyl-
vania's Bureau of Radiation Protection (BRP) and the Pennsylvania Emergency Manage-
ment Agency (PEMA). The brief chapter on BRP contrasts the organization's technical
competence with its difficulties in securing access to key decision makers, emphasizing
a more general problem of translating scientific information into clear-cut guidance for
preparedness planners. The PEMA chapter chronicles its key supporting and coordination
activities with respect to county-level planning, its organizational shifts to make additional
trained personnel available to risk counties, and its role in responding to numerous special
problems and requirements while preparing to orchestrate a massive evacuation operation.

Part Four: Risk County Involvement is the longest and most detailed chapter,
reflecting the heavy concentration of planning activities in the six risk counties that wouid
have been at least partially evacuated. The first part of the chapter describes the counties'
differing problems, planning approaches, and orientations toward an evacuation. Later
sections describe the similarities and differences in their handling of seven major evacua-
tion problems: (1) development of hosting anangements for evacuees, (2) route planning,
(3) transportation resources, (4) special and institutionalized populations, especially the
aged and those with medical problems, (5) communications, (6) public information and
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warning, and (7) the handling of pets and livestock. The chapter's conclusions stress needs
for both precast plans and the planning aids needed in a crisis, as well as better methods
for assessing spontaneous evacuation and other aspects of public behavior.

Part Five: Host County Involvement characterizes the varying responses to the

problem in the thirty-odd counties which might have received evacuees from the Harris-
burg area. The approaches to reception, registration, traffic control, medical problems,
mass care, use of private homes, communications, and other areas of concern are noted.
The chapter is briefer, reflecting the less concerted and detailed planning found in host
areas. Its conclusions emphasize the needs for an integration of host and risk planning,
and include a listing of minimum-essential planning components and resources which
should be available before a disaster operation is under way.

CONCLUSIONS

The individual chapters suggest conclusions and implications based on the TMI
experience. This section attempts to generalize from that experience to broader consider-
ations of preparedness planning.

Rather than build all the necessary caveats and hedges into the explication of

each "finding" or "implication," we here remind the reader that (I) this examination has
been conducted quickly, (2) it has focused on the preparedness planning elements of the
TMI situation, and (3) TMI represented one of many possible "scenarios" for a reactor
hazard, a hazardous materials problem, or a nuclear threat.

Certain dimensions of the TMI case, however, appear broadly significant. The
hazard was potentially widespread. The threat was not thoroughly understood by tech-
nical experts. Information about the threat required "translation" from scientific terms
to the implications for population-protection measures. Most important, TMI illustrated
the complex emergency management requirement that a large-scale evacuation imposes
on officials responsible for the safety of urban or concentrated populations.

Potential hazards of a highly technical nature must be defined in
terms that describe implications for population-protection mea-
sures.

Preparedness planning begins with a definition of the hazard, the area poten-

tially affected, and some estimate of the possible variations in these factors. For highly
technical man-made hazards, emergency managers must often rely on scientific expertise
available from other organizations-in this case, Pennsylvania's Bureau of Radiation Protec-

tion and the Nuclear Regulatory Commission. The TMI accident illustrated many possible
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shortcomings of such arrangements, including the iumerous factors which operate to
impede the translation of technical/scientific assessments into meaningful guidance for
preparedness planning and operations.

Industrial organizations, governmental regulatory bodies, and their scientists
and engineers are necessarily oriented toward the routine functioning of potentially
hazardous processes or facilities. Their typically conscientious concern for safety is
directed, by and large, at prevention. They seek to identify potential (even low proba-
bility) hazards, then design safeguards against them. Neither psychological nor organiza-
tional forces encourage them to speculate on the "unpredictable" event. If a possible
failure is detected, they act to head it off.

Preparedness planners and emergency managers, on the other hand, begin their
thinking and activities at the point of the unexpected event. "Accidents" do happen.
Even the most expensive (per capita) fail-safe systems did not prevent the loss of three
astronauts. Assuming that threats will appear, emergency managers look mainly at the
potential victims-how many people, how to reach them, what to tell them, how to
organize and support them. Public officials in responsible positions, it might be added,
generally snare the preparedness, not the scientific, perspective.

Preparedness agencies and officials, however, remain dependent on the scientist
for risk assessments throughout an emergency operation. This dependence was dramati-
cally illustrated in the TMI accident. Emergency management agencies entered the crisis
with contingency plans to evacuate a 5-mile circle around TMI-a radius that conserva-
tively reflected the complex guidelines for assessing potential reactor hazards. Two days
into the accident, the same scientific authorities (now faced with a novel and unexpected
situation) suddenly recommended a 10-mile, then a 20-mile contingency evacuation plan.
Under emergency conditions, local and State officials were forced to scrap a relatively
undemanding 5-mile evacuation and plan for a large, complex population movement on
short notice. The following figures indicate the dramatically greater scope of the newly
required plan.

5-Mile Radius 20-Mile Radius

residerts 30- 40,000 600,000

square miles 79 1,257

risk counties involved 3 6

host counties for evacuees 0 30

evacuated subdivisions 10- 12 over 100

hospitals 0 14

nursing homes 2 62

jails/prisons 6
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Such shifts cannot always be avoided, of course, but both preparedness agen-
cies and their scientific counterparts (for a particular hazard) can arrange planned and
systematic procedures for handling the "translation" of a technical hazard into its
preparedness implications. Such procedures should take account of the following ten-
dencies:

(a) When a major emergency occurs, and when ranking public officials
become concerned and involved, even a very-low-probability hazard
may become the dominant concern. Scientists and technicians invol-
ved with TMI often differed among themselves in their assessments
of the threat. Faced with these differences, both senior technical
managers and ranking officials often chose the more cautious alter-
natives. A desire to be conservative in risk assessments appeared to
have a substantial effect on the definition of potential evacuation
zones during the emergency-estimates that essentially determined
the scope of the emergency management task.

(b) Under the press of events in an emergency, technical agencies almost
automatically are accorded a significant role which reaches beyond
their expertise in emergency management. As the event becomes a
matter of public concern, leaders turn first to expertise that promises
better definitions of the hazard. How much radiation was leaking into
the environment? What was the danger to public health? How likely
was a major disaster? Such questions lead public officials back to the
source of the hazard-to the scientific agencies closest to the problem.
Furthermore, they tend to focus on the ranking agency (NRC, not
BRP), thereby encouraging the tendency for scientific assessments
rather than preparedness concepts to dominate. Regardless of who is
legally assigned the responsibility for a disaster-response, the agency
in a position to define the threat will be influential.

(c) The greater the perceived hazard and the public attention accorded
it, the greater the tendency to "kick decisions upstairs." by-passing
agencies or departments normally charged with scientific analyses
or preparedness assessments. At TMI, this process rapidly evolved
to a point at which authority for key decisions (affecting prepared-
ness planning) was concentrated in the Governor and NRC, with a
direct line to the White House.

4
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(d) Both interagency relations and intra-agency organizational shifts
affect the response to large-scale disasters. Over 150 Federal, State,
and local agencies were involved in the TMI emergency and the com-
munications about it. Many of them evidenced the kinds of centralizing
and authority-concentrating tendencies noted above. This undoubtedly
contributed to the common complaint that "the government" didn't
know what was happening.

(e) All of the above factors suggest why the management and interpre-
tation of technical information poses one of the most difficult
problems faced by officials and emergency managers. TMI presented
a complex threat. There were numerous communicators, each
reflecting a particular background and viewpoint, and few translators
versed in the scientific areas of concern. Poor communication resulted.
One example: On Wednesday, 28 March, an operator at the plant told
PEMA the reactor had "failed fuel"-i.e., damaged fuel rods (Floyd's
testimony to Kemeny Commission, 31 May 1979). This appears in
the PEMA Log as "failed to fuel." Such mistakes reflected not only
the varying fields of expertise of diverse officials, but also the sheer
numbers and actual differences of opinion of those involved. Com-
pounding the communication problem was a lack of sophistication
in presenting information to the media and public-phrases such as
"hydrogen explosion" may have carried quite different implications
for nuclear engineers than they did for residents of the area around
the plant.

These problems clearly indicate the need f-r better mechanisms for defining
technical hazards and for translating scientific information into its implications for emer-
gency management. The creation of the Federal Emergency Management Agency, and the
comprehensive State-level management agencies recommended by the National Governors'
Association, could provide better organizational umbrellas for controlling this process.
They would also facilitate the development of communications processes and systems
with built-in safeguards against the distortion of technical information. Finally, emergency
managers clearly require closer involvement in the process of defining technological haz-
ards-a result that should follow from efforts undertaken in concert with responsible
scientific organizations.

Communities should approach complex disaster operations with well-
defined emergency plans, supplemented by inventories of needs and
resources.

The TMI crisis-planning effort suggested the strengths and illustrated the weak-
nesses of established plans for coping with emergencies. Such plans may be too abstract
or general for emergency-response staffs to use. Worse, like the "5-mile" plans at TMI,
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they may reflect inadequate definitions of the threat, encourage a false sense of readiness,
and delay preparations for a more suitable response to a crisis. On the other hand, com-
prehensive plans serve to facilitate the inter-jurisdictional coordination required for
complex emergency operations. Certainly, the planning groups in this situation devoted a
significant amount of their "crash" effort to the collections of information and the
development of procedures which could have been available before they started.

TMI reflected the difficulties of securing clear-cut definitions of technological
hazards, projecting the scope of potential evacuation efforts, and providing the resources
necessary to develop, maintain, and exercise comprehensive plans for such contingencies.
This experience also suggested a number of fundamental preparedness measures that
would allow a more rapid, crisis-triggered planning effort. Such measures should be under-
taken at the county (or equivalent) level, where a familiarity with local conditions is
combined with a limited number of jurisdictions which can be integrated in a state-wide
or large area disaster-response operation. These measures would include:

a. plans for expanding small emergency management agencies
and professional staffs in time of emergency;

b. notification procedures for key officials who would join the
crisis-planning effort;

c. planned, redundant communications links with sub-county
disaster-relevant agencies, as well as organizations and insti-
tutions posing special evacuation problems or offering specialized
evacuation resources;

d. prepared procedures and materials for reaching and warning
the public via the media;

e. listings of institutions and populations requiring special assistance
or provisions in an evacuation;

f. similar listings of medical, nursing home, and other institutions
offering special care accommodations for evacuees;

g. listings of available spaces for mass care and reception of evacuees
(from elsewhere in the county or outside it);

h. listings of transportation resources for those without private
automobiles;
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i. checklists and instructions for those personnel who would be
charged with specific crisis-planning or operational areas;

j. adequate, expandable crisis-planning and operations centers-
preferably based on a well-equipped Emergency Operations
Center.

Depending on funds and public support, such minimum-essential steps could
be taken as part of a formal planning (and exercising) effort-i.e., developing a compre-
hensive, all-hazards plan. Or they could be viewed as supporting elements for a "crisis-
expectant" approach which uses these reference and source materials to develop a plan
under crisis conditions.

State and Federal disaster-preparedness agencies should work with
county-level emergency managers to plan for and to perfect the
"augmentation" process, which worked well at TMI.

Both PEMA and DCPA assignees were integrated smoothly into a number of
local planning efforts, providing added professional expertise and often playing key
decision-making roles in conjunction with county officials. Such augmentations should
be planned jointly with county officials and the plans for effecting them should be
exercised periodically.

State and Federal agencies should take the lead in designing adequate
redundant communications networks to support multi-county emer-
gency operations.

Such plans should include not only the expansion of communications available
locally but also their augmentation by mobile radio units and other additions which can
be varied to meet the needs of particular crisis situations. At TMI, new telephone "hot
lines," the civil defense CDNARS radio units, and amateur radio nets were used to sup-
plement communications systems.

The problems of spontaneous evacuation and anticipating public
behavior and response should be further analyzed.

Emergency organizations and officials are least secure when anticipating public
responses to messages and how effectively the public will "meet" and use the supporting

services provided for them. In particular, State and local agencies need methods for
estimating the flow and extent of spontaneous evacuation movements from the time a
crisis begins.
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Volunteers can be highly effective as supporting members of profes-
sional emergency management staffs, but they cannot be relied upon
over extended periods of threat.

At both the county and local levels, volunteer activities by individual citizens
and organizations made valuable contributions at TMI. Volunteers with appropriate
knowledge and skills served in various planning and operations capacities (health, com-
munications, rumor control), bringing with them a range of resources that no county-level
emergency management organization could hope to have available on.a day-to-day basis.
The initial "surge" of effort put forward by these people, and by the professionals on
emergency management teams, made possible the rapid developments of capability des-
cribed in Parts Four and Five of this report. As the situation stabilized and the operation
became protracted, however, the "nervous energy" that sustained them began to wane
and role conflicts (family and job obligations) intruded themselves. The strengths and
weaknesses of reliance on volunteers should be recognized in planning emergency activities.
Volunteers can bring a small emergency organization a quality and variety of expertise far
beyond its own; they can also vastly expand certain operational capabilities (like rumor
control). They cannot, however, be regarded as a substitute for regular staff or as a main-
stay of a crucial operating area like communications. Furthermore, they should not be
expected to perform on the same basis as professionals over a prolonged, standby period.

The content and methods of Crisis Relocation Planning (CRP) should
be adapted to include the needs for comprehensive evacuation planning
in nonmilitary disasters.

I he CRPs being prepared for wartime or crisis-period evacuation of American
cities are based on guidance which spells out the intricacies of large-scale evacuation plan-
ning. These plans, where completed, should be adapted to accommodate and encompass
the relatively smaller problems and requirements posed by reactor or hazardous materials
accidents and other emergencies. Though CRP is substantially different in nature from
even the largest sinl!e-area evav: f on problem, the wartime cc.ntingency plannhig in-.
cludes a large body of knowledge and potential trainhig material for emergency managers
concerned with health, mass iraosportation, mass care, and other major aspects of evacua-
tion planning.

Radiation hazards, representing a significant constraint on evacuation plan-
ning, require f study inthe context of reactor emergencies.

The nature of ihe "gaseous" radiation expected at TMI requires further defini-
tion, particularly in light of authorities' suggestions to "remain indoors" during the first
stage of the ,niergency. Adequate protective measures, including the use of potassium
iodide as a "blocking agent," should be examined further. Public information materials
are badly needed to explain both the hazard and effective countermeasures-and to man-
age tie psychoo:,'cal response to this "mysterious" threat.
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Unanswered questions about TMI require further assessment.

How great was the potential hazard (exclusive of the probability extimates
which proved poor sources of security after the initial release)? How long would an
evacuation have lasted? What supports would the public and special populations have
needed during and after the evacuation? Emergency management agencies need answers
to these questions in order to refine their approaches to evacuation operations, per se.
For example, the possible duration of the dislocation should be reflected in the pattern of
dist:lbution of evacuees to areas where they would be supported until the emergency
ended.

An all-hazards emergency management capability should include at
least the minimum-essential preparations to support large, multi-
jurisdictional evacuations.

Jurisdictions around TMI demonstrated a substantial crash-planning capability.
But the accident gave them several days to produce plans-and never required them to use
them. Given our society's vulnerability to a number of potential hazards which can
threaten large populations, the nation's existing civil defense capabilities clearly should be
strengthened to provide better in-place and back-up resources for handling emergency
population movements in a rapid and professional manner. I
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Part One

OVERVIEW AND CHRONOLOGY
OF THE ACCIDENT



INTRODUCTION TO PART ONE

The single chapter in Part One describes the evolution of the TMI

accident and the response of emergency management organizations. This

chapter was prepared from published testimony and documents concerning

events at the TMI plant, supplemented by materials in the logs of the various

agencies that became involved. It is not intended to be used for analytical

purposes, since some of the technical matters are still being discussed by

participants, and additionai communications may still come to light.

Rather, the overview and chronology are included to provide a

frame of reference for the subsequent discussions of preparedness planning

activities at the Federal, State, and County levels.

2'
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Principal Events in the TMI Emergency

The Accident Begins

At 4:00 in the morning of 28 March 1979, several lumps of resin broke loose from

a demineralizer and were sucked into the pneumatic control system of Three Mile Island's

Unit 2 reactor. The debris caused a feedwater valve to close. The turbine stopped, and the

control rods dropped into the reactor core to stop the chain reaction; but decay heat from

the core continued to raise the temperature and pressure in the reactor's primary cooling

loop. When pressure reached 2255 psi, a relief valve on the pressurizer opened, spilling

steam and water into the reactor containment building and lowering the pressure in the
primary loop. The relief valve was supposed to close when the pressure dropped to 2205
psi; instead, it stuck open, allowing the pressure and the water level to drop further.

When the primary loop pressure reached 1600 psi, the emergency core cooling

system started automatically, pumping fresh water into the reactor core. As a result,

water levels in the pressurizer-but not in the reactor core-began to rise, eventually

causing the pressurizer to fill completely ("go solid"). The operators had been trained

to avoid this condition, so they turned off the emergency core cooling system two

minutes after it was turned on.

Meanwhile, water continued to pour from the pressurizer relief valve, which

was still stuck open. The top of the core was uncovered at this time, allowing extensive

fuel damage. Finally, at 6:20 a.m., an operator noticed this fact and isolated the valve.

By this time, however, hundreds of thousands of gallons of radioactive water had spilled

into the containment building. Because the containment was not yet isolated, sump

pumps automatically picked up the water and swept it to an auxiliary buildLh;., where it

quickly filled the available waste tanks and backed up onto the floor. In the fuel hand-

ling and auxiliary buildings, highly radioactive gases leaking from the "make-up" water
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system were sucked out of the building by the ventilation system and sent into the environ-
ment through the vent stack. At about 6:50 a.m., radiation alarms began sounding in the

reactor machine shop, and operators declared a Site Emergency.

Notification and Response

The Shift Supervisor called the Dauphin County Emergency Management Agency

and the Pennsylvania Emergency Management Agency (PEMA). PEMA notified the State

Bureau of Radiation Protection (BRP) and the three counties within five miles of the plant:
Dauphin, York, and Lancaster. BRP suggested a contingency plan for partial evacuation

southwest of TMI, and PEMA advised York and other counties of a possible need for eva-

cuation. Other State agencies and the Governor were swiftly notified, as well as the NRC
regional office in King of Prussia. At 8:00 a.m., the utility told BRP that releases had

been controlled. The Bureau called PEMA to lift the recommendation for a limited evacu-

ation; and PEMA called the risk counties to relay this information.

Chronology of Events on Wednesday Morning
28 March 1979

4:00-37 Loss of feedwater; turbine shuts off.

4:00-42 Pressure relief valve opens at 2255 psi.

4:00-45 Reactor shuts down.

4:02-00 Emergency Core Cooling System (ECCS) cuts in at 1600 psi.

4:02-30 One ECSS high pressure injection pump (HPI) turned off by operator.

4:07-30 Reactor building sump pump turns on.

4:10-30 Second ECCS HPI pump turned off.

4:11 ECCS HPI flow restarted.

4:15 Waste water tank in auxiliary building ruptures.

6:19 Pressurizer relief valve isolated.

6:55 Site Emergency declared.
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