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EXECUTIVE SUMMARY

This report explores the relactionship between nuclear power plant
site characteristics, emergency preparedn2ss, and emergency response.
It examines how the feasibility and efficiency of protective actions
taken by the public (measures to prevent ar reduce radiation exposur?2)
may be affected by sitiag practices. ’

A number of protective actions were couasidered, e.g., evacuation,
sheltering, ventilation control, expedient air filters., and pharma-
ceutical prophylaxis. Impediments resulting from site character-
>stics to the implementatior of these measures were identified. The
zase of implementation and the effectivenass, as compared to no use of
protective actions, were examined from a siting perspective. The po-
tantial effectiveness OF some cctions, particularly evacuation and
saelter, may be affected by site-ipecific factor:z,

This evaluation concentrated on measures to reduce potential short-
renge and short-term effects of a serious reactor accident. Deaths or
iriuries resul.ing from acute radiation exposure have induction
thresholds, i.e., substential radiation exposure is necessary in order
to induce these effects. Preventing such substantial exposure can
elininate deaths or injuries. These are also predominately short-range
consequences. Other potential =ffects, such as latent cancer or
prozerty damage, have no, or very low, induction thresholds. These

other effects also increase with population and are most pronounced

furtirer away from the plant, outside the area in which immediate
evaciation might be expacted, predetermined, easily implemented. or
effec:ive. Sheltering and expedient respiratory protection would be
effeciive and feasible in areas further away from the reactor site., A
more lefsurely evacuation of a limited area away from the piant because
f ground contaminaticn would also be feasible. These short- and
iong-range perspectives are important.

Evalvation of the effectiveness of protective cctions requires
assumplions about the nature of the radioactive release. Accident
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source terms used for this purpose were developed for the Raactor Safety
Study or derived from those numbers. These source terms are now thought
to be perhaps two to five times too nigh. Reductions in the source term
would not only reduce the expected consequences of the release, but
could also reduce the area in which prompt protective actions are
appropriate.

Having defined the limits of this investigation, the authors tried
to identify the problems that might hinder the effectiveness of
protective actions. Solutions to these problems were divided into
siting questions and emergency planning considerations.

Accident consequence calculations indicate that prompt evacuation
of areas near the plant is the most effective way of reducing acute
deaths and injuries. A prompt evacuation has these two components:
early notification and expeditious movement.

Early nctification can reduce the delay in leaving the area after
the release occurs. It would be best if the people were notified well
in advance of an actual major reiease. This delay time is dependent on
such things as operator recognition of the emergency conditions,
predetermined action levels for recommending evacuation, early and
prompt notification of the public, and the motivation of the public to
respond. Although peculiarities of the plart site can complicate
notification procedures, notification is an emergency planning problem,
not a siting issue.

Expeditious movement out of the threatened area is certainly impor-
tant, given an actual or immine:;it major accidental release of a large
amount of radioactivity to tine atmosphere. Expeditious does not
necessarily imply high speed trivel, Using the existing conservative
source terms and assuming a l-h warning before a major release, a 1-h
delay in 1leaving, and radial movement at 10 mph, theoretical
calculations suggest no acute radiation fatalities would be expected
among those evacuating, even for the worst source term postulated.
Movement at higher speeds would provide little extra benefit. With
early warning and clear directions, the radiation dose could be avoided
by persons walking in a crosswind direction.




xi

Impediments to evacuation can affect the expeditious movement away
from the reactor. Some of these impediments may be siting issues. A
number of site-specific factors, such as geography, transportation
systems, frequent bad weather conditions, institutional populations, and
political considerations can make planning for effective evacuation a
very complex problem. If alternative or corrective measures cannot be
identified, inability to evacuate promptly the area around a proposed
plant site could be sufficient reason to prevent siting there. Based on
the historical evidence, it is extremely difficult to think of such a
sftuation where both evacuation and alternative measures are impossible.

The character, kind, and availability of shelter in an area could
vary from one reactor site to another. More shelters and higher-
quality shelters are generally available in congested areas than in
sparsely populated areas. Restricting nuclear plant sites to urban
areas in order to have better shelters conflicts with the practice of
raducing risk by locating plants away from large population centers. As
an emergency planning measure, the best available shelters near a site
could be identified for possible us2 in the event of an accidental
release from a reactor. Locally-iniciated emergency planning measures
could require that shelter be availahle or be added to new construction
through zoning restrictions. As in all emergency planning, the
cost/benefit ratio in further reducing the small risk from a reactor
accident by moving people to better shelter must be considered.
Increased risk incurred by the movement would also have to be examinced.

Siting restrictions on the number of people living in the vicinity
of a power reactor will limit the risk of off-site radiological
consequences in the event of a large atmospheric release. Limits on
population centers can reduce the potential peak consequences of an
accident. But reducing the number of people cannot assure that these
people can evacuate effectively or find adequate shelter. In fact,
there is no agreement on the relationship between population density and
evacuation time (one study showed an inverse relationship). Restriction
of the total population outside *he emergency planning zone could reduce
the potential for latent cancer induction and property damage after a
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serious accident, but this could not totally avoid the small increase in
cancer risk that is assumed to occur with any increase in radiztion
exposure.

What then can be said about siting policy and its relationship to
protective actions? Most of the issues discussed have been at least
implicitly considered in previous siting decisions. Siting regulations
can restrict the number of people living near a plant and thus, reduce
the consequences of an accident. The variabiiity in site-specific
factors influencing protective actions make it difficult to develop
specific regulatory guidance that is universally »licable.

Emergency planning has an important role. Emergency plans are
site-specific. They can address the identified impediments in flex-
ible, creative ways, such as developing alternative procedures (e.g.,
provisions for very early warnings to the people) or recommendations for
supplementary protective actions. The adequacy of these proposed
solutions could strongly influence any licensing decision be.ause each
plant must have an approved plan before an operating license can be
issued. By concentrating on the area up to 10 miles from the site,
siting regulations and emergency plans, combined, provide the potential
to avoid most, or possibly all, early fatalities and injuries.
Reevaluation of the current NRC accident source terms may have a
significant effect on the area in which siting and emergency planning
regulation is warranted.
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PROTECTIVE ACTIONS AS A FACTOR IN POWER REACTOR SITING

Kathy S. Gant
Martin Schweitzer

ABSTRACT

This report examines the relationship between a power reactor
site and the ease of implementing protective actions (emergency measures
to reduce the radiation exposure to the public in the unlikely event of
a serious accident)., Limiting population density around a reactor
lowers the number of people at risk but cannot assure that all
protective acti:ns are possible for those #ho reside near the reactor.
While some protective measures can always be taken (i.e., expedient
respiratory protaction, sheltering), the ability to evacuate the area or
find adequate shelter may depend on the characteristics cf the area near
the reactor site., Generic siting restrictions designed to identify and
eliminate these site-specific constraints would be difficult to
formulate. The authors suggest identifying possible impediments to
protective actions at a proposed reactor site and addressing these
problems in the emergency plans.



1. INTRODUCTION
1.1 APPROACH TO REACTOR SAFETY

To minimize the risk to the public from a severe accident at a
power reactor, three independunt but related types of actions have beer
taken. Nuclear plants are designed with many redundant safety systems
to insure that the pubiic will not be harmed, even in the unlikely event
of a serious accident. Siting regulations and regulatory guides
encourage the location of plats on sites with appropriate physical
characteristics and with adequate sep;ration from population centers and
sites supporting hazardous activities. Emergency response plans are the
final defense against the consequences of a radioactive release during a
severe reactor accident.

1.2 PROTECTIVE ACTIONS, EMERGENCY PLANNING, AND SITING

1.2.1 Role of Protective Actions

A protective action or a protective measure is an emergency
response designed to avoid or mitigate the deleterious effects of a
hazard. Protective actions, in the event of a reactor accident, would
be directed toward lowering or preventing the radiation exposure to the
public that might be expected from a large release. Site-specific
characteristics of a reactor site and the surrounding area can make some
protective measures more difficult to implement than others.

Because protecrive actions are the final defense, they are seldor
utilized in response to reactor accidents. The safety record of the
commercial nuclear industry is such that protective actions have never
been ordered for the general public because of a reactor accident, The
most serious comwercial nuclear accident, ‘the accident at Three Mile
Island in 1979, did, however, result in an advisory for children and
pregnant women tg.leave the area near the reactor,}

1.2.2 Kole of Emergency Planning

The relationships between protective actions, emergency planning, and
siting are often confused., The role of emergency planning is to




achieve and maintain a level of preparedness so that essential and
desirable tasks c2n be performed more effectively du~ing an emergency.
Emergency plans for reactor accidents may include procedures for
facilitating protective ac:iiens or for deciding whether or not to
recommend that such actions be taken. These plans may also address
site-specific problems tnat could impede the implementation of
protective actions. The planning process estabjishes rapid notification
procedures and encourzges cooperation among the various organizations
and groups involved in responding to the emergency. The importance of
planning has been recognized in the regulatory process; the adequacy of
licensee, state, and local emergency plans will determine whether the
reactor will receive or maintain its operating license.?

1.2.3 Role of Siting

Peactor siting criteria based on population are designed to limit
the public risk from a severe reactor accident by triggering mcre
extensive review of alternate sites when the surrounding population
density and distribution exceed certain guidelines at the proposed site.
These “trip levels" of population densities, indicating *hat more review
is required, provide a means for controlling the maximum possible
consequences. Siting regulations also discourage the location of plants
near hazardous activities and require appropriate and geolongic

conditions for power plants.
1.3 POWER REACTOR SITING CRITERIA

1.3.1 Present Criteria

Current siting regulations3 require that nuclear generating
facilities be surrounded by an exclusion zone, where residential 1land
use is prohibited, and a low population zone (LPZ), These zones are
defined so that 1individuals located at the outer boundaries would
receive no msie a1 a Spacified radiation duse in the event of a
"design hasis" accident.? This means that precise exclusion distances
and LPZ boundaries are determined or a site-specific basis, because the




expected radiation dose from any given accident depends on both the
location of the exposed individual, the size of the reactor, the
severity of the accident, and the safety features designed into the
facility. By “strengthening” plant design to reduce the expected
release of radiation accompanying the design basis accident, ‘he size of
the exclusion area and low population zone can be reduced. In practice,
the minimum distance from a nuclear plant to the exclusion area boundary
ranges from 0.1 to 0.6 mile, with an average distance of about 0.4 mile.
The LPZ is usually circular with a typical radius of 2 to 3 m’tes.d
The relationship of these zones is shown in Fig. l.1l.

Present siting criteria limit the proximity of an acceptable power
plant site to populaticn centers, The distance to the neiarest
" population center of more than 25,000 residents must Le at léast one and
one third times thé distance from the plant to the LPZ ou:er boundary.
Where very large cities are involved, an unspecified "greater distance"
may be required,3 |

The regulations do not ignore protective actions. A rcasonable

probability that appropriate protective measures could be taken in
behalf of residents of the LPZ in the event of’a serious accident is
required.3 The evaluation of the effectiveness of protective measures
has, in the past, focused upon the ability to evacuate the LPZ in a
timely fashion.4

In several instances since the passage of the siting regulations
described above, applicants have attempted to site plants in
higher-than-normal. population settings by strengthening the safety:f/
considerations in the plant design. In the early 1970's, in order tél
prevent increased movement in this direction, ways to specify popula;fGn
constraints in the area surrounding nuclear facilities were 1nvest}§ated.
This effort led to the development in 1574 of Regulatory Gu dé 4,7,
feneral Environmental Site Suitability Criteria. Thii//g;cuments
suggests numerical guidelines for thc acceptable averagg’ population
density of the area within 30 miles of a site; exceedi these limits
would require that special attention be given to altermative sites with
Tower population densities.




. ) i - ¢ ’ ..::{".‘;ct,*f- s F A . - -

ORNL-DWG &2-15125

PR NEAREST POPULATION CENTER OF ABOUT 25,000 PEOPLE

s POPULATION CENTER DISTANCE. AT LEAST ONE AND ONE
P 7 THIRD THE LOW POFULATION ZONE DISTANCE.

i

LOW POPULATION ZONE

7

/7
/7

'

EXCLUSION AREA ~MINIMUM EXCLUSION

BOUNDARY DISTANCE LOW POPULATION
| D — —— — — e ZONE DISTANCE.
J
”~
~”
r

L NUZLEAR POWER
REACTOR.

rig. 1.1 Relationship oy areas and distances established in current
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In 1978, the NRC formed a task force to develop a general policy
statement for nuclear puwer plant siting. The Report of the Siting
Policy Task Force, NUREG-0625, was issued for comment in August, 1979,
In June, 1980, the Congress directed the NRC tu complete the development
of reactor siting criteria by specifying criteria for maximum population

density and distribution that are independent of the differences between
plants.

1.3.2 Recommendatior of the Siting Policy Task Force

The NRC's Siting Policy Task Force established three basic goals to
guide the subsequent development or their sitin. recommendations. These
goals were as follows:

1) To strengthen siting as a factor in defense in depth by

establishing requirements for site approval that are in-
dependent of plant design considerations;

2) To take into consideration in siting the risk associated
witn accidents beyond the dasign basis (Class 9) by
establishing population density and distribution criteria;

3) To require that sites selected will minimize the risk from
energy generation.

The third goal was tempered by the consideration that "siting require-
ments should be stringent enough to limit the residual risk of reactor
operation but not so stringent as to eliminate the nuclear ootion from
large regions of the country.*4

The recommendations of the Task Force included establishing a
a fixed exclusfon distance and an emergency planning zone (EPZ) to
replace the LPZ4,  The EPZ would extend about 10 miles in all
directions from the nuclear plant and be designated so as to provide
reasonable assurance that the residents of the area could evacuate
promptly in the event of an accident. Limits on population density and
distribution in the EPZ would be established. Population density up to
about 30 miles from the reactor (depending on the power level of the
reactor) wouid also be evaluated.



1.4 PUBLIC RESPONSE IN EMERGENCIES

In emergencies resulting from accidents at commercial nuclear power
plants, can the public be expected to take protective actions under what
are probably once-in-a-lifetime conditions? Becausa there is little
experience with reactor accidents that threaten the offsite population,
the behaviur of people during natural disasters was examined to see how
people might bebave when threatened. Sociological studies® have shown
that people are capable and willing to help themselves and others. The
threatened comunity is seldom sliding into social chaos or in need of
massive outside guidance and help. The greatest need is accurate and
timely nntivating information. Actions will be based on the available
information and may be initiated well before any authority gives
instructions, depending on the level of perception of the threat.
Internal coordination of the active community forces is more important
than direction from outside the community.

A nuclear power plant accident would be different from a natural
disaster in some ways. The perception of the hazard may be greatly
distorted by the political controversy surrounding nuclear power and the
lack of first-hand individual experience with similar events. The
recovery period from a major reactor accident might be longer than that
from most natural disasters because of environmental contamination and
- the necessity of limiting access to the affected area, but this is not
an immediate consideration. Outside resources may be required to a
larger degree than in some non-nuclear emargencies, and the coordination
problems could also be more difficult.’

The need for public informatior. about threats from non-nuclear
hazards is descibed by kreps as follows:

There are intense pressures from the public for immediate

information about victims, secondary threats, and emergency

needs and activities following diasters. In effect, people

seek to reduce uncertainty about the event, its cgnsequences.
and the appropriate personal actions to be taken,

inis need would be even greater in a radiologica1 emergency because of
the lack of public understanding of the threat and the lack of



experience with appropriate responses. In the case of evacua’ .on,
"there is no reason to believe that because the disaster agent fis
radiation ratker than some other agent, that it, in itself, will provide
sufficient motivation to leave."8 The problem is gen2rally not panic
flight, but getting people to move at ail.? Prompt, accurate
descriptions of the threat, the expected consequences, and recommended
protective actions would be necessary.

Most protective actions are not wunusuai actions and can be
initiated at short notice when the people are convinced of the value of
the effort. As in other emergencies, people would “generally take
effective acticon to protect themselves, their families, and others."’

1.5 SCOPE OF REPORT

This report will focus upon the potential effectiveness of
various emergency responses in preventing the acute radiation-induced
deaths and injuries from a serious reactor accident. Long-term
effects such as latent cancer induction are only dealt with briefly.
Site characteristics, as well as population demegraphics, that
influence the feasibility of protective actions will be identified.

The question of "feasibility" requires some clarification. Some
type of protective action is always assumed to be possible, but all
mitigating actions are not equal. Some protective actions would be
more effective than others, some would be more difficult to implement,
and, given a particular situation, some would be more appropriate., The
feasibility of protective actions, as used here, means that appropriate
and effective mitigation is possible.

Protective actions, although suggested by the circumstances, may
not always have the desired effect. A change in meteorologic
conditions or release time could change the area of potential
expcsure. This change might result 1in people moving to a
contaminated area from one later found to be unaffected by the
release, These would be rare occurrences. While changes in
recomendations may be occasionally warranted, most o” the effort here
is devoted to the expected situation,




As the interaction of site characteristics and protective actions
is demonstrated, attention is paid not only to the effect of existirg
site-specific conditions but also to possible implications of new siting
restrictions. Whether siting restrictions can improve feasibility of
protective actions is one question to be examined.

st o ey



2. PROTECTIVE ACTIONS AND SITING CONSIDERATIONS
2.1 TYFSS OF PROTECTIVE ACTIONS

Protective actions available to the general pubiic can provide

increased security agaiast the health and safety consequences ¢f rad’-
ctive rslesses fron reactor accidents. This chapter will discuss the
followiig protective acticns and identify the ways in which sitiug deci-
sions cuuii improve or limit their effectiveness:

(1) evzacuation,

{2) sreltering,

{3) ventilaticn control,

(4) expedient respiratory protection, and
{5) pharmaceutical prophylaxis.

Radration from a nuclear power plant accident can pose a threat to
public ssfezy in several ways. External radiation, whether from radio-
nuclides in the plume reieased from the reactor or from radioactive con-
tamination dcposited on cenvirormental surfaces, can contribute to the
populaticn zxposure. Radioactive material can be inhaled from the plume
or from depcsited material that becomes resuspended in the air. Contami-
nation of food and water sources can lead to ingestion of radionuclides
and subsequent internal radiatior exposure. Some protective actions can
be effective against all these exposiure mechanisms, while others would
be specific to only ore threat.

Protective actions can also be distinguished by the time frame in
which thev would be appropriate. Some mitigation measures may be
undertaken as part of the recovery after a crisis. These inciude such
things as providing uncontaminated food and water, deconcamination of
food, water, ard property, and interdiction of use of an area until it
is decontaminated or until the contamination has decayed to an
acceptable level, Because these actions would be taken after the status
of the radiation problem is known and would be concentrated on reducing
the longer-term economic and social consequences as well as lowering
chronic radiation exposure, they will not be discussed further. The
ease with which long-term recovery can be accomplished may vary from
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site to site, but this report will concentrate on protective measures
that must be taken earlier in an accident sequence to reduce acute
radiation exposure-to the people in the area surrounding the reacvor.
More detailed information on all the actions discussed briefly here will
be found in Appendix A.

Evacuation -- where the threatened population leaves the danger
area -- is one of the prime responses considered for a major nuclear
reactor accident. Although more disruptive and harder to implement then
sheltering in place, evacuation can protect against all the mechanisms
of radiation exposure. The key to the effectiveness of evacuation is a
prompt response. For complete protection the population at risk should
leave the threatened area before radioactive material reieased from the
reactor arrives.

Sheltering involves using the radiation shielding potential of
existing buildings by entering and remaining in such structures during
and after the passage of a <cloud of released radioactive
material, 10 It may include sheltering in place (i.e., people
remain indoors at their present location or move inside the nearest
available structures) as well as preferential sheltering (i.e., people
rove finto nearby buildings that offer more effective radiation
protection than those in which they are located). Sheltering may be
followed by relocation, when the residents leave the area after the
passage of a <cloua to 1limit exposure to radioactive ground
contamination. Recommending shelter may ~1s0 be an initial step to get
people to go indoors near radios, televisions, etc., before other
protective measures are reccinmended.

Ventilation control is usually combined with sheltering, As a
minimum, closing doors and windows and shutting down mechanical
ventilating equipment will reduce the inhaled dose to those in the
shelter, More elaborate efforts to reduce infiltration by plugging
cracks or deliberately ventilating the shelter when the radioactive
cloud has passed can provide further dose reduction.

Expedient filters held or secured over the nose and mouth can
remove radioactive particles from the air to prevent their being inhaled
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These filters could be improvised from items such as handkerchiefs or
touels.11’12’13 Use of these devices could enhance the protection
of sheltering or reduce the inhaled dose if radioactive material arrives
before evacuation is complete.

Pharmaceutical prophylaxis differs from the other measures in that
it ameliorates the effects of the exposure instead of nreventing it. A
chemical is used to block the effect of the exposure or to hasten the
elimination of a radioactive contaminant from the body. Most of these
chemicals are experimental or are used only in cases of ctevere over-
exposure,14’15 but one compound, potassium Jjodide, has been
approved for use by the general public. If taken before or simultaneous
with inhalation of radioiodine, it will prevent most of the radioactive
iodine from concentrating in some parts of the body, particularly in the
thyroid.

Although protective actions may be broken into different types,
they would seldom be used independently, Several types of actions may
be chosen, with different measures suggested for different segments of
the population at different times, or combinations of actions may be
recommended simultaneously.

Siting criteria that limit the density and distribution of the
population . ~ound the proposed reactor may have an impact on protective
actions. Because these siting criteria reduce the number of people at
risk from a power reactor accigent, there are fewer people for whom pro-
tective actions would probably be necessary, and a less complex emergency
plan might be adequate. Although perhaps not true in all cases,
increased population density is thought to have a negative effect on
emergency planning: "There is a 1linkage between the criterion of
distance-number of people and that of emergency plan feasibility.
Emergency planning becomes less feasible as the number of people
involved increases."16

2.7 THE INTERACTION OF SITING AND PROTECTIVE ACTIONS
2.2.1 Time Components of Protective Actions

The effective use of protective actions in an actual response would
involve a series of steps from the decisfon to implement to the
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completion of the action. For example, Urbanik et al.l7 haye
divided evacuation into five major steps: (1) decision, (2)
notification, (3) preparation, (4) response, and (5) confirmation. The
time required for each of the first four steps affects the time in which
an evacuation ca: be carried out. "Decision time" refers to the time
that elapses from the recognition of an emergency until the decision to
recommend evacuation is made by an appropriate authsrity. "Notification
time” is the time required to inform everyone in the affected area.
"Preparation time" is the time required for the people to get ready to
move. Finally, "response time" is the time necessary to travel out of
tne area. "Confirmation time,” the time to verify the evzcuation, would
occur after the movement and should not delay the response.17

This division of steps applies in some degree to all protective
actions. The length of the time components may vary with the action.
The time required for some cteps (e.g., response or confirmation) is
more dependent on siting considerations. Some, such as notification
time, may be similar for all the protective measures discussed. This
phase will be discussed separately. A crucial time segment, the time
for the utility to notify the local auvthorities of the emergency, may
influence the protective action recommended, but this delay should be
minimized through the utility emergency plans.

2.2,2 Sheltering

Description and Use. Sheltering may be the first protective action
recommended in a radiological emergency. Sheltering in place would
require minimal preparation or response time because the residents of
the threatened area would be going indoors or remaining indoors where
they are. Some degree of protection, depending on the quality of the
shelter, is achieved against external exposure to penetrating radiation
as the radioactive cloud passes and from radionuclides deposited on the
ground and other surfaces after the cloud has passed, and exposure due
to th~ inhalation of radionuclides.!8 Taking shelter will also
prevent skin burns from beta particles emitted by the contamination.
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The de.’sion to recommend sheltering may be a relatively easy one
to make because no great disruption in the daily routine would occur;
thus, the decision time could be quite brief. Nith even a relatively
small release, sheltering might be recommended in accordance with the
accepted health physics practice of keeping radiation doses as low as
rezsonably achievable to reduce any long-term effects.

The notification time for sheltering may be similar to that for
evacuating, and the response time for in-place sheltering should be very
short. Taking shelter immediately would be an exce lent preliminary
step, providing some protection against external and inhaled
radioactivity while placing oneself near radios and televisions in case
other protective measures are recommended later. Sheltering might be
followed by evacuation of an area before or after the passage of a
radioactive cloud.

The effectiveness of taking shelter depends on the quality of the
shelter and the timing of sheitering relative to the release. The
quality of shelter will depend on the structures near the plant site.
For example, basements and large commercial buildings will generally
provide more protection against radiation than  wood-frame
structuresl9 /see Appendix A). The number of larger commercial
buildings is probably higher in areac of higher population density.
When both the number of brick houses or houses with basements are small,
the degree of protection achieved by sheltering in private residences
during a serious radiological emergency may be less, but sheltering
would still reduce the expected exposure.

Quality of shelter could be enhanced by preferential sheltering,
i.e., sheltering in selected structures that provide better protection,
but the time to effect sheltering would increase due to the extra
nreparation and travel time needed for the move. The distances traveled
may not be as great as in an evacuation, and some peopie could walk to
shelter. But travel, even over short distances, may introduce some
problems to be discussed in regard to evacuation. Furthermore, if the
accident were severe enough to warrant preferential sheltering,
evacuation might be a more effective choice.
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The short implementation time is an important factor in effective
sheltering, as the dose reduction provided by the protective action
decreases almost linearly with increased outside exposure time,
Continued exposure to grou.d contamination after the passage of a cloud
may, in a relativeiy short time, result in a dose larger tnan that from
exposure to the radioactive cloud, 20

The best use of shelter, other than as a temporary measure before
other actions are recommended, is as an ziternative to evacuation in
situations where evacuation cannot be completed before the radioactive
material arrives and when the duration of the release is short. Closer
examination of the tradeoffs between sheltering and evacuation are
necessary when the contamination arrives quickly and the release is
prolonged.

Consequence calculations using existing source terms show that
sheltering could be as effective as evacuation with relatively short
delay times in the area 5-10 miles from the reactor if basements were
abundant and exposure to the ground contamination were brief.2l
More recent work22 confirms the effectiveness of sheltering (in
areas with many basements) at this distance. Beyond 10 miles, both
sheltering (even in areas with few basements) and evacuation are about
equally effective in preventing early fatalities and injuries.22 Ap
informed choice of protective measures or a combination of protective
measures requires knowing something about the nature and quality of the
shelter available.

The Swiss rely on shelter (to be followed by later evacuation in
extreme cases) and a fast alarm system to protect the densely populated
areas around their nuclear power plants., A crucial factr- in this
decision is the knowledge that 80-90% of the people will have access to
excellent fallout shelters and the remainder can be accommddated in
basements or cellars,23

Siting Factors., The ability to take shelter is not influenced by
reactor siting criteria. The type of sinelter available is a
site-specific factor that can be considered in developing emergency
response plans, Knowledge of the quality of existing shelters may
influence the choice between sheltering and evacuation.




Sparsely populated areas have fewer people to protect, but they are
also likely to have fewer office and industrial buildings and fewer
public fallout shelters that could be used as preferential sheltering
sites. Regulations to limit power reactor sites to areas with abundant
basements, such as the Northeast, or to urbin areas with many large
structures in order to improve the cuality of available shelters would
be in cr.flict with the preference for areas of lo..-population density.

Generic requirements are probably not worthwhile here in view of
the preference for rapid evacuation if possible. Information on the
quality of sheiter available might be needed by those preparing
emergency plans or those making protective action recommendations when
evacuztion would be difficu't. Locating and planning to use good
shelters for some peiple might be an appropriate emergency planning
response to a site-specific evacuation constraint.

2.2.3 Evacuation

Description and Use. Evacuations, for a variety of r2asons, cccur
frequently in tn2 United States. A sample of newspaper reports from
1977 showed that evacuations of several hundred to a few thousand
persons occurred at least oncc every two wee-s. It is 3 procedure thac
many police, fire, and civil defense personnel have initiated in
non-nuclear emergencies.24 often as a precautionary measure.
Evacuation as 2 protective measure in a nuclear emergency las received
much attention. When implemented and completed before the arrival of
radioactive material from the reactor, .t can be completeiy successful
in preventing exposure from exterral radf@ifbn “and inhaled
radionuclides. A critical factor in the evacuation in a radiological
emergency is timing. Minimizing the delay before evacuation and facili-
tating the movement out of the area are the keys to effective
evacuation. When significant releases of radioactive material are
expected or occur and evacuation can be completed before the radioactive

materials reach the residents, evacuation is the protective action of
choice.
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Projections of accident consequences show that evacuation to a safe area
with delay times of 1 h or less would always be the most effective
measure for reducing the early health effects from a serious accident.
Calculations using the CRAC? computer code?5 indicate that
evacuation at 10 mph (with 1-h warning.and 1-h delay) is as effective in
preventing early deaths and injuries as excluding everyone from a
10-mile radius around the reactor.26  Near the reactor, evacuation
(even if the delay time is longer) may be the most effective measure,
although the delay would increase the expected consequences from the
accident. Evacuation may be preferable to sheltering in the area 5-10
miles from a reactor if the available shelter grality is poor,2l
but the idvantages of evacuation might be very small in most cases.

Siting Facters. Prompt evacuation may be the protective action
that has its success most dependent on siting con:ideraticns. There are
a number of site-specific factors that can affect the amount of time
required to evacuate an area in the event of a radioilogical emergency.
Five such factors of major importance are (1) populatior distribution,
(2) transportation and geographic barriers, (3) meteorologic conditions,
(4) the presence of non-mobile and institutional populations, and (5)
multiple political entitizs. For the most part, discussion of the
affects of site factors will center on the response (travel) component
o the evacuation process, but any potential impacts to the decision,
notification, or preparation components will also be discussed.

Presently there is no agreement on the overall relationship between
population distribution and the evacuation time, A 1974 stl_de8 of 64
non-nuclear evacuations carried out over the preceding 13 years found
evacuation speed to be independent of the total numper of evacuees and
further, found an inverse relationship between population density and
evacration time. The appropriateness of this study for projecting
nuclear related evacuation times has been questioned on the grounds that
the data do not disaggregate notification, preparation, and response
times. The median area evacuated in the cases studied was many times
smalier than the area that could be affected by a nuclear emergency,
indicating that the vresults may be more appropriate to smaller
evacuations,
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A recent NBE” analysis?’ of projected evacuation times for 52
separate nuclea} power facilities found no correlation between total
population and evacuation time; but it did find a fairly strong positive
correlation betwean evacuation time and population density for the
permanent. area population. High density sectors were estimated to
require a significantly greater travel time than would sectors that were
more sparsely populated. For the transient population, on the othei
hand, response time was significantly less for the high density sectors.
These time estimates are based on a variety of methodologies and
assumptions, anad there are no empirical data on evacuations prompted by
nuclear power plant accidents to provide verification, so that any
conclusions drawn at this point must be considered tentative. This
indication that travel times during evacuation are shorter in less
densely populated areas would speak for the wisdom of limiting

. population in the vicinity of a nuclear plant. The question of how many

people can evacuate is examined in this section.

Because an evacuation can be very stressful and socially and
economically disruptive, the decision to suggest evacuating may be more
difficult to make than a decision on sheltering. Hesitancy to recommend
evacuation, discgreement among the local authorities, or the insistence
on waiting for measurable offsite radiation may delay evacuation until
it cannot be completed before contamination arrives. A multiplicity of
local governments may complicate this step, but this is the most serious
impact of siting on the decision phase. These problems can be addressed
through agreements among local governments and predetermined guidelines
on when evacuation should be advised -- aspects of effective emergency
planning.

The time needed to prepare for evacuation may depend on the types
of activities in the surrounding area, If families are widely separated
and try to unite before leaving, thae preparation time will increase.
Farms or industries that require lengthy shutdown procedures could also
delay the start of the evacuation for some people.l8  Explanation
of the threat and the importance of moving promptly may minimize or
eliminate the time devoted to shutdown, Special 1institutional
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populations (hospitals, nursing homes, schools, prisons, etc.) may
require additiopal preparation time. Some of the delay in preparing to
leave can be reduced by emergency planning and by providing supplemental
evacuation instructions, such as suggestions about what to take or where
the needed items might be found elsewhere. Plans to unite families
after evacuation or to provide an early alert to certain industries to
prepare for possible shutdown may reduce this delay. However, in most
cases, the required preparation times for evacuation should not be a
serious constrairt to power reactor siting. When ccnstraints to
evacuation are considered, the attention is usually concentrated on the
actual response phase. The capacity and location of local! roadways
interict with the population to determine the time required for
evacuation: “Response time is a function of the volume of traffic and
the capacity of the roadway.“l7 oOn any given road segment, speed
decreases when the ratio of traffic volume to road capacity increases
beyond a certain point., If traffic volume exceeds roadway capacity, the
speed will approach zero, resulting in stop-and-go traffic and a
practical capacity that is less than the maximum possible.

However, in high population density areas, evacuation speed is even
more directly tied to the condition of the existing road network; the
capacity and current traffic volumes on area roads and the location of
these roads in relation to major population concentrations are extremely
important in determining how quickly an area could be evacuated. Areas
of normally high population density may have enough increased capacity
in the transportation network to accommodate the increase in the number
of evacuees. Where such capacity does not exist, a phased evacuation
may bhe necessary. Areas 1like parks or beaches may well have
insufficient road capacity on occasion, but this can only be determined
on a site-specific basis. Emergency pianning might include corrective
actions such as new or additional roads or bridges fin such cases or
emergency plans could call for early evacuation of these areas. With
prompt warning and clear instructions, exposure to the release might be
avoided by walking crosswind,28
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The local road capacity may not present the only impediment to
evacuation. The roads out of the ev. ‘ation area should be clear exit
routes. A congested area, such as a city, just outside the evacuation
area may constrict traffic flow and clog that evacuation route. The
means to remove any impediments along planned evacuation routes must
also be available, or sugjested alternative routes may be provided.
Public acceptance may be greater if the suggested evacuation routes do
not require -first traveling toward the nuclear plant site in order to
leave the area.

Geographic constraints to evacuation also require a site-by-site
analysis. Any natural feature that inhibits the rapid and direct
movement of residents away from the power plant and out of the
evacuation areas is considered a geographical constraint. This might
include an island site with a limited nunber of bridges or an adjacent
mounta:n range with only a few passes. Another example of a possible
geographic constraint would be a nuclear plant located on a peninsula,
leaving only one direction in which to evacuate and forcing some
evacuees to move toward the plant before passing out of the evacuation
zone.

Geographic constraints cannot be removed by planning, but careful
planning may identify alternative protective measures. Siting decisions
could eliminate sites that pose severe geographic obstacles to movement
or emergency plans could include corrective actions or alternate
procedures such as very early warning or restrictions on the number of
people in an area where they could be trapped. Regulations limiting
only population density and distribution cannot guarantee the absence of
geographic'Barrfers or the success of efforts to evacuate.

In addition, adverse meteorologic conditions may result in a
delayed response by reducing road capacity. Although the 1974
evacuation study8 found no correlation between effective evacuation
speed and prevailing meteorologic conditions, the Reactor Safety
Studyl9 acknowledged that this result “may be partly due to the
character of the available data” and that "recording errors could mask
some correlations."l9  Snow, fog, and rain do, in fact, constrict
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traffic flow by reducing speeds or closing lanes. A recent NRC analysis
of prejected evacuation times at 52 nuclear plants found that in most
cases adverse weather conditions were expected to result in increased
response times.27 Alternate emergency provisions during adverse
meteorologic conditions may be addressed in the emergency plans, such
as again requiring very early warning or insuring that snow removal
equipment will be available in areas of frequent heavy snowfall.

The presence of large institutional and nonmobile populations may
mean that more time is required to complete the evacuation. These
facilities are a special source of concern because they are likely to
demand a much higher level of outside support to achieve evacuation than
will the general public. Although some of the delay will be in th2
preparation stage, an inadequate supply of ambulances or buses could
force these vehicles to make multiple trips back to the risk area to
pick up those who are too i1l to travel by private car, institutional
populations, or those who lack access to automobiles. There may be a
time-of-day variation in the population of some institutions (i.e.,
schools) for which special planning may be necessary. Evacuation of
some facilities such as medical centers or prisons may require special
accommodations outside the enmergency planning zone to receive their
occupants.

In the NRC survey of projected evacuation times, response times
were expected to be greater for institutional populations than for: the
permanent population.27 Evacuation time may not necessarily be
greater in these cases,?4 but special arrengements will be needed
for those who need help in moving from the threatened area.
Institutions can be safely evacuated; in the 1979 Mississauga, Ontario,
evacuation, three large hospitals and six nursing homes (about 2000
patients) were evacuated without incident within 19 hours, This
included 10 intensive care patients and 62 who had to be moved
twice.29

At one extreme, the location of power plants could be restricted so
as to minimize the impact of an accident on these special populations.
But, because of the abundance of institutional populations, it is not
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unlikely that some special facility would be located near a prospective
plant site. Emergency planning can help insure that many of these
people could evacuate in a timely manner. Further analysis may indicate
that sheltering, and not evacuation, would be a superior protective
action for some nonmobile and institutional populations.l?7  only
the existence of facilities that have many residents whose lives would
be threatened by being moved and which are unsuitable for sheltering
might be an important factor in plant siting.

Although political considerations may have the greatest impact on
the decision to evacuate, expeditious response also depends on
cooperation among different political entities. An evacuation area may
extend to more than one jurisdiction, or the success of the evacuation
could rely on the assistance of host jurisdictions in keeping the
evacuation routes opens  Siting reguiations cannot prevent conflicts
between political entities, but good emergency planning and exercises
can help insure that all the responsible agencies will be able to
perform adequately when the need arises.

Sensitivity to Population Density. In view of the many factors
affecting the ability to evacuate an area in a timely fashion and the
disagreement on the relationship between evacuation time and population
density, it is impossible to reach any definite conclusions on a maximum
population that could evacuate an area expeditiously in an emergency.

Historical data® show a number of evacuations of up to a few thousand
people completed in 2-5 h and a few of tens of thousands effected in
similar to slightly 1longer times (see Appendix A). Very large
evacuations are infrequent, but 150,000 people 1in Baton Rouge,
Louisiana, were evacuated in 2 h in 1965 when threatened with a possible
chlorine release after a transportation accident.®  More recently,
600,000 people expeditiously evacuated Solinka, Greece, in the middle of
the night following an earthquake,26

Although the Emergency Planning Zone (EPZ) may extend 10 miles,
prompt evacuation would be most appropriate within 5 niles of a plant.
Between 5 and 10 miles, evacuation and shelter are about equally
effective in reducing prompt effects of a serious release during an
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accident in calculations?l based on current source terms. Since
1974, population densities greater than 500 people per square mile have
traditionally called for more intensive review of proposed reactor
sites.> This average population density in the annulus 0.5-5 miles
from the reactor would mean nearly 39,000 people subject t3 possible
immediate 2vacuation. If (assuming a uniform population distribution)
only one 97° sector of the 2-5 mile ring needed to be evacuated, in
addition to the entire 0.5-2 mile ring, the number of potential evacuees
would be reduced to just over 14,000 people, a size with which there has
been more experience. Siting criteria with more restrictive population
densities would reduce the number of people who might need to evacuate.

The median and mean population density projected for 2000 AD
within 5 miles of existing reactor sites are about 72 and 152 people per
square mile, respectively. About 92% of existing sites would be below
the 500 people per square mile figure.30  The site with the
greatest projected popu ation density within 5 miles, Limerick, would
have about 99,000 people within that radius, fewer than evacuated
promptly at Baton Rouge or Solinka,

Large movements of people in non-emergency situations are not
unusual. Tens of thousands of people routinely "evacuate” a sports
arena in a relatively short time after the end of the competition. Many
thousands of commuters move in and out of the cities during the
comparatively brief morning and evening rush hours. There are certainly
some differences in these experiences and an emergency evacuation;
commuter traffic and that following major gatherings of people is
familiar, expected, and considered in planning. But nevertheless,
experience with the expeditious movement of large numbers of people
suggests emergency evacuation is similarly feasible; the non-emergency
experience should not be dismissed lightly.

High average traffic speeds are not necessary in order for large
numbers of people to move. Figure 2.1 illustrates the vehicle flow per
lane as a function of vehicle speed using three spacing criteria. The
middle curve represents the National Safety Council guide of one car
length separation per 10 mph of speed, while the lower curve is based on
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the rccent more conservative recommendation of a 2-s gap between cars.
The upper curve assumes only one car length spacing per 20 mph, not
recommended, but not an uncommon occurrence during rush hours in many
areas. A recent article estimated that average rush hour speeds in some
parts of Manhattan were as low as 7.4 miles per hour. 31 Assuming
six lanes (not necessarily on the same road) were available and each car
averaged 2.5 passengers, 15,500 people could move each hour at this
speed using the conservative vehicle spacing. A modest average speed of
30 mph could increase this number to about 22,800 people per hour.
Decreases in vehicle spacing or increases in average occupancy or number
of lanes available would also increase the number of people who could
move,

Limiting population within 5 miles of a plant would not necessarily
solve the evacuation problems in that area. The people who might have
to leave must be able to move freely into the surrounding area. Higher
population densities in these areas can impede an evacuation of the
areas near a plant. Population restrictions outside the EPZ could also
be necassary. Ninetv per cent of current and proposed plant sites would
maintain an average projected 2000 AD population density below 500
people per square mile within 20 miles of the plant, and 85% could meet
that criterion when the distance is extended to 30 miles,30
Because 500 people per sguare mile is used only as a guide for site
approval, or startup criterion, by 2000 AD higher populations might be
expected. Projected population densities within 20 miles of all plant
sites would be less than 1000 people per square mile. If the area
within 30 miles of the site were considered, 95% would have projected
population densities below 1000 people per square mile.30

Population restriction, however, cannot guarantee that a region can
be evacuated, as the previous discussion of site-specific factors
affecting evacuation emphasized. Experience would suggest, in general,
with the lack of serious impediments, that evacuations of less than
20,900 people or sc could be completed in a few hours or less. About

83% of the existing sites would have projected 2000 AD populations
of less than 20,000 within 5 miles of the plant,30
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It is more difficult to try to place an upper limit on the number
of people who could evacuate in a few hours. The data on larce
evacuations are not as plentiful. Many of the big evacuations *-- been
prompted by hurricanes, and there is a much larger range of evacuation
times. Because of the failure to disaggregate notification,
preparation, and response times in the Hans and Sell evacuation
StudY.a one cannot decide if the range of times reflects the length of
the period between the warning and the time the hurricane was expected
to arrive. Large numbers of people have evacuated quickly in the past
(for instance, 230,000 evacuated in a phased evacuation following the
Mississauga train derailment29), but there are not enough
appropriate data to make highly defensible generalizations about the
feasibility of prompt evacuations involving very large numbers of
people.

2.2.3 Other Protective Measures

The other protective measures previously mentioned (ventilation
control, expedient respiratory protection, and pharmaceutical
prophylaxis with potassium iodide) are much less dependent on siting
factors for their success. Although these measures can reduce the total
dose due to inhalation and mitigate the effects of inhaled or ingested
radioiodines, they can only be used as supplements to sheltering or
evacuation. A detailed description of these measures is found in
Appendix A.

2.2.4 Notification

The discussion cof notification time has been deferred until now.
The time required to notify everyone of an emergency and give
instructions for the recommended protective actions is independent of
the type of action suggested. Site facters can affect the notification
time, however. Limiting the populatiun density around the reactor could
have a negative effect on notification time if the residents are widely
distributed or there are many transients. Geographic features such as
hills may limit the effectiveness of portable radios or complicate the
deployment of siren systems.
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Adverse meteorologic conditions could also increase the notifi-
cation time., A fixed siren system might be disabled by severe weather.
Because many notification efforts depend on local radio and television
broadcasts, electrical power outages, such as those caused by
ice, heavy snowfall, or electrical storms, could cause problems. If
emer jency power were maintained for transmissions, portable and car
radios would still operate. Otherwise, slower, more personnel-intensive
methods would bhave to be adopted to disseminate the necessary
information.

Notification has already been addressed through the regulatory
process on a site-independent basis. If the current planning goal of
notification within about 15 min32 s met, the potential notifica-
tion delay expected in remote areas can be substantially reduced,
increasing the probability of successful implementation of the chosen
protective action.

Emergency planning has an important role in the minimization of the
time between the occurrence of the accident and the instructing of the
public in the appropriate protective actions. Clear channels of
communication and authority and prearranged agreements on such things as
action levels among all the affected jurisdictions are critical to
minimizing the decision and notification times. Alternative
notification procedures for use if the rapid notification system does
not function can be developed as part of the emergency plan. Emergency
planning can provide a means for handling any site-specific constraints
on prompt notification.
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3. DISCUSSION AND CONCLUSIONS
3.1 SITING BASED ON POPULATION DISTRIBUTION

The perception that the possible éonsequences of an accident at a
nuclear power plant can be reduced by limiting'the population near the
plant is not new. Under the current siting criteria, exclusion areas
and low population zones have been established on the basis of projected
doses from hypothetical accidents at the plant. New siting criteria may
prescribe a fixed exclusion area near the plant and limits on population
density ‘and distribution within a specified .-distance from the
prospective facility site. Population density and distribution limits
can reduce the number of people at risk from a reactor accident and
ensure that the plant is not located near large population centers.

Efforts to i-educe risk by reducing the number of people near the
plant nave some limitations. Although the societal risk could be
reduced by this measure, this would not reduce the individual risk to
the residents of areas near the reactor. There is also always thne
possibility that a rare, unfavorable meteorologic condition may undo a
substantial portion of the risk reduction achieved by demographic siting
restrictions,16 except in the case of extremely remote siting.

Protective actions taken by the public during an emergency can
reduce the risk of injury, death, and lony-term effects from a reactor
accident. It is important that siting regulations not interfere with
the ability of the residents to take the most effective protective
measures, but, on the other hand, siting regulations cannot guarantee
the success of protective actions,

3.2 CONCLUSIONS

The authors have examined protective acticns and emergency
planning to determine whether certain site-specific characteristics
should be avoided in the selection of nuclear power plait sites because
they will prevent the planning and implementation of protective measures
for a severe reactor accident., It seems that restrictions on population
around nuclear reactors, in general, will not adversely affect the
ability to effect an appropriate emergency response. Any potential
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disadvantages of 1low population concentrations (primarily rapid
notification) can be overcome by good emergency planning, although the
local governments in the less urbanized areas may require more
assistance in developing approved plans. On the contrary, the general
assumption is that increased population density has a negative effect on
protective actions. Siting planners have referred to “"the relative
difficulty of carrying out emergency action in thickly-populated
areas."16 Assumptions about the difficulty of implementing
protective measures may depend on *he particular protective action being
considered:

"Safety may, of course, be enhanced by remote siting, but

too much importance has been attributed to remoteness, perhaps

because among the emergency measures, the mitigation of

consequences of accidents by evacuating people has received
toc much emphasis.“33

Limiting the population density in the neighborhood of a nuclear
plant is inherently sensible because it lowers the number of people at
risk in the event of an accident. Further 1imits on the distribution of
these people may lower the consequences expected from worst-case acci-
dents, regardless of whether protective actions are taken. A smaller
population could also conceivably result in the need for a less complex
emergency plan requiring fewer resources to implement. If a fixed pro-
portion of any given population chooses not to or is unable to take the
preferred protective measures, the absolute number of individuals in
jeopardy will be less for a smaller population. On the other hand, the
success of protective measures for those who do participate cannot be
guaranteed by reducing the number of people residing in an area. The
effectiveness of evacuation and sheltering are strongly influenced by a
number of factors other than population, such as rcad capacities, meteo-
rologic conditions, and the availability of shelter.

The selection of prompt evacuation as the protective measure of
choice in the event of a serious reactor accident may, in some
instances, make the ability to evacuate an area an important factor in
site selection, although this determination is usually made after the
siting decision. Severe transportation and geographic constraints, as
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well as large institutional populations, may contribute to a decision on
the suitability of a given site.

The most sensible approach to insuring that appropriate protective
measures can be taken might be to require both that the utility identify
any impediments to protective actions and that state or local emergency
plans address ways in which these problems could be overcome. Identifi-
cation of possible problems in evacuation is already required in the
Preliminary Safety Analysis Report.32 Extending this identification
to other protective actions and addressing these problems in the
emergency plans would allow imaginative, flexible, site-specific
solutions to the identified situations. These solutions would be
evaluated when the response "'plans were reviewed. Approval of the
emergency plans would depend on proposed methods for removing the
identified impediments or the identification of satisfactory
alternatives. The ability to consider site-specific constraints, in
addition to restricting population density and di’stribution. should help
ensure that protective actions remain an effective component in reactor
safety,
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APPENDIX A
PROTECTIVE ACTIONS FOR USE IN RACIOLOGICAL EMERGENCIES

A.1 INTRODUCTION

Protective actions taken by the general public can decrease the
health and safety consequences of radioactive releases from reactor
accidents by reducing exposure to radiation. There are three principal
pathways for radiation exposure after a release during a reactor
accident. External radiation, both from radionuclides released from the
reactor in the plume and from radioactive contamination deposited on
environmental surfaces, can contribute to the whole body population
exposure. Radioactive material can be inhaled from the plume or from
deposited material that becomes resuspended in the air. Contamination
of tood and water sources can lead to ing:stion of radionuclides and
subsequent internal radiation exposure, Some protective actions are
effective against all these exposure mechanisms, while others are
specific to only one pathway.

As in the body of the report, this appendix will concentrate on
measures appropriate to the time period before and shortly after radio-
active material is released and focus on the inhalation and external
exposure pathways. Protection of animal food to prevent contamination,
for example, is a valid protective action, but the emphasis here is on
prompt actions that can provide immediate dose reduction for people.
Interdiction of land use (reflecting the economic consequences of the
accident) is not considered.

Actions such as evacuation, which were discussed more fully in the
discussion of siting considerations, wiil be given shorter treatment
here, Emphasis will be given to the supplementary protective actions
for which the effectiveness was less affected by plant location.

A.2 EVACUATION

A.2.1 Description and Use

Evacuation, the movement of the threatened population from the
danger area, has been seriously considered for a number of years as a
protective measure for dealing with nuclear accidents. The NRC's
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Crite;ia for Preparation and Evaluation of Radiological Emergency

Response Plans Preparedness in Support of Nuclear Power Plantsl 1lists
components of evacuation to be identified in emergency plans developed
by power plant operators and by appropriate state and Vz2za)
organizations. Large evacuations, for a variety of reasons, occur
frequertly in the United States.2 As a protective action in nuclear
emergencies, evacuation can protect against all the mechanisms of

radiation exposure because the threatened population moves out of the
danger area.

Evacuation, if initiated without too much delay, can be a very
effective pratective measure. In calculations (using the WASH-14003
source terms) comparing various protective actions done at Sandia
Laboratories4, a simulated evacuation involving a 3-h delay before
moving and a 10-mph travel speed was always the most effective
protective measure of those considered against a melt-through release
from a pressurized water reactor. It was also the most effective
measure examined in reducing the projected whole-body dose due to an
atmospheric release from a pressurized water reactor.

More recent calculations® using existing source terms also
demonstrate the effectiveness of prompt evacuation. As the delay time
before moving decreases and the evacuation speed increases, the number
of expected early fatalities or injuries decreases. Evacuation with a
1-h delay and 10-mph speed was found to be equivalent to having a
1C-mile exclusion radius around the reactor. In other words, prompt
evacuation would lower the expected number of early fatalities and
injuries to a number one might expect if no one lived within 10 miles
of the reactor.

Urbanik et a1.® divided the time required for evacuation into
five segments: decision, notification, preparation, response, and con-
firmation. The first four segments must be kept brief if the residents
are to leave before the arriva, cf the radioactive material released in
the accident. A brief confirmation time may allow resources to be
diverted promptly from the evacuation process, but because the residents
would have left before this stage, its length is of less concern,
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A.2.2 Constraints

Any factor that can increase the amount of time required to
evacuate an area in the event of a radiological emergency might be
considered a constraint to the use of evacuation. Five such factors are
(1) population distribution, (2) transportation and geographical
barriers, (3) meteorological conditions, (4) the presence of non-mobile
and institutional pooulations, and (5) political considerations. HMost
constraints will lengthen the response component of the evacuation
process, but they may also have negative impacts on the decision,
notification, or preparation components.

There is disagreement on the relationship between population
distribution and the time required to evacuate an area in an emergency.
A 1974 study7 of 64 non-nuclear evacuations found evacuation speed to
be independent of the total number of evacuees and found an inverse
relationship between population density and evacuation time. These data
are shown in Fig. A.1 and Table A.1l.

An NRC study8 analyzed evacuation time estimates made by nuclear
power plant operators for 52 separate facilities and found no
correlation between total population and evacuation time. It did find a
fairly strong positive correlation between evacuation time and
population density for the permanent area population, although there was
no siqnificant variation in notification times. Response time was
significantly less for the transient population in the high density
sectors.

There are weaknesses in both these studies. The 1974 study has
been criticized as not being applicable to large evacuations and to
emergency planning zones having rapid notification capability. The NRC
study, on the other hand, consists of time estimates based on a variety
of methodologies and assumptions. Because there is little empirical
data on evacuations prompted by nuclear power plant accidents to provide
verfication, their conclusions must be considered tentative.

The capacity and location of roadways relative to the population
can affect the amount of time required for evacuation. In order for
everyone to leave promptly, the local transportation network must be
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Table A,1

Data from Historical Evacuations

Number ot Distance Evacuatlon Area Population
Event Locatlon Date Cuusoa Type ot Peopte Evacuated Time Evacuated Denslty
Number Area Evacuated (mlles) th) (mile®) (peoplo/mlloz)
] Do~tas Co,, WA 9/6/12 F S 50 1,0 2.0 2,0 1000
12 Downlagton, PA 2/5/73 T S 700 1.0 2,0 0,25 3200
1?2 Wilkes Barre, PA 6/23/1712 F u 75000 1.0 5.0 5,0 15600
18 Chadbourne, NC t/713/68 T S 350 1.0 5.0 0,9 700
19 Port Aransas, TX 8/61 L] u 2800 50 2,0 1.3 3100
22 Chambers Co,., TX 9/3/MN H RF 10000 50 7.9 338 30
2% Isteton, CA 6/21/72 F S 1200 40 1 t 109
28 Xlng Co,., WA 3/59% F RF 509 19 '8 20 26
33 Metanka, OK 4/4/69 T RR 2000 25 8 3 667
34 Loulsvilile, KY 3/19/12 T U 4000 1 3 0.35% 11400
35 Urbana, OH 8/13/68 T S 4000 0,79 3.5 3.1 1300
36 Baton Rouge, LA 8/65 T u 150000 30 2.0 8 19000
38 Mor~gan City, LA 1719773 T V] 5000 2 4 1.8 1800
39 Tuxarkana, TXx 8/21/67 T S 5000 3 L] 9.0 330
42 Los Angeles, CA 279/ E S 80000 NDC ? V2 8700
47 Latourche Par,, 9/11/61 H RF 23000 50 9 100 310
43 Blloxt, WS 9711761 H u 15000 $ b) 7.7 2600
52 Los Angeles, CA 12714713 0 v 8500 ND€ 2 0,49 17300
3 ftorence Co,, SC 27137173 F RR 9¢ -] 8 6 15
{alp . oam brear (bIRF .~ Rural (tarming) tcINo date

E Earthquake RR « Rura) (resldentlal)

F Flood S « Suburbdban

N Hurrlicane U =« Urban

T Transportation accldent

Source: Adapted from J. M. Hans and T. C. Sell, Evacuation Risks: An Evaluation, EPA/6-74-002, Nat1ona1 Environmental

Research Center, U.S. Environmental Protectinn Agency, Las Vegas, NV, Tune 1974,

|8
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able to accommodate the total number of vehicles required or a phased
evacuation may be necessary. Impediments along planned evacution routes
must be removed, or suggested alternative routes must be available to
keep traffic flowing. Population exposure to radioactivity can be
minimized if the major evacuation routes are clear and if the suggested
routes avoid the path of any release from the reactor. Whether or not
an area has enough capacity in the transportation network to accommodate
the number of evacuees can only be determined on a site-specific basis.
Areas of high population density may have adequate roads, but evacuation
of many areas of high transient use could be hindered by inadequate
capacity.

Geographic constraints to evacuation may be imposed by the inter-
actions of natural features of an area, plant Jlocation, and the
distribution of the local population. One example of a geographic
constraint wouvid be a nuclear plant located on an island or peninsula
with a signifizant population and a limited number of access routes,
raising the ocssibility of severe traffic congestion at the few
available points of egress. In general, any natural feature that
inhibits the rapid and direct movement of residents away from the power
plant is considered a geographic constraint, the effects of which must
be carefully considered in ,lanning to assure a safe and timely
evacuation,

While the 1974 study7 found no correlation between effective
evacuation speed and prevailing meteorologic conditions, exception can
be taken to this finding., The Reactor Safety Study3 acknowledges that
the finding of no correlation between evacuation speed and a numver of

potential determinants, including weather conditions, "may be partly due
to the character of the available data" and that “recording errors could
mask some correlations."3 Any adverse weather condition that reduces
the capacity of the roadways would probably result in a delayed
evacuation response. The recent analysis of projected evacuation times
at 52 nuclear plants found that adverse weather conditions were usually
expected to increase response times.8

Evacuation can involve moving perpendicuiar to the radioactive
plume as well as moving ahead of the contamination. Lateral movement
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can be very effective; the ratio of doses expected when moving crosswind
as opposed to evacuating downwind under an established plume are w/(4v),
w/(20v), and w/(50v) for Pascal atmospheric stability classes B
(unstable), D (neutral), and F (stable), respectively. Here w is the
downwind travel speed and v is the crosswind speed.9 Typical plume
widths are shown in Fig. A.2.

Although emphasis has been placed on vehicular transport because it
enables many people to evacuate rapidly, vekicles are not always
necessary in an evacuation. High travel speeds are not needed to avoid
serious health consequences if early warning has been received. People
could, in most cases, walk to safety, bypassing traffic jams and other
transportation problems.5 With early notification, all radiation
exposure due to the accident could be avoided by walking crosswind.?

Adverse meteorologic conditions might also result in increased
notification times. Since many notification efforts rely on local radio
and television broadcasts as the principal means of explaining the
nature of a given radiological emergency and suggesting an appropriate
response to area residents, an electrical power outage, such as those
caused by ice, heavy snowfalls, or electrical storms, could cause some
problems, If emergency power is maintained for radio transmissions,
portable and car radios would still function. Otherwise, authorities
might have to resort to the adoption of alternative, and slower, methods
of disseminating the necessary information.

Non-mobile and institutional populations include residents of such
places as hospitals, nursing homes, jails, prisons, and schools. These
facilities may need more outside assistance in evacuating than will the
general public; some will also require special accommodations outside
the emergency planning zone to receive their occupants. Evacuation
times at 52 nuclear plants were projected to be greater for
institutior populations than for the permanent population.8

Political considerations could potentially affect the amount of
time required to evacuate an emergency planning zone. The evacuation
area may involve more than one political jurisdiction. Reluctance for
political reasons to call for an evacuation could lengthen the amount
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of time required fer the decision. Once the decision to evacuate has
been made, cunflicts between the different political entities may delay
the evacuation process unless predetermined action levels have been
agreed upon.

The effect that some of these factors may have on evacuation times
is shown in Table A.2. These estimates of times for each of the first
four segments of the evacuation process were publishedl0 by the
Environmental Protection Agency. These estimates are very general;
complex situations may require ‘onger times, but a case-by-case analysis
is necessary. In particular, the maximum notification and response
times listed in the table would be too short for some situations, i.e.,
loss of power or a heavy snowstorm.

The time element in evacuation is very important., Although a
delayed evacuation can be important for dose reduction, it would be
better if everyone were to leave before the radioactive material
arrived.

A.3 SHELTERING

A.3.1 Description and Use
Sheltering is another protective measure that can be taken to limit
the radiation exposure of surrounding populations in the event of a

nuclear accident. This measure has been widely considered as a
supplement or alternative to evacuation for protecting individuals
threatened by a radiological emergency. Sheltering might be follewed by
evacuation or substitute for evacuation in those cases where the numbers
or nature of the population at risk, the weather, or other constraints
make evacuation difficult® or where the available response time fis
extremely short.ll Sheltering 1is usually the first action
reconmended in current emergency planning because it gets people near
sources of information to await further instructions.

Sheltering consists of actions taken by the public to utilize the
radiation-shielding potential of existing buildings by entering and
remaining in such structures during and after the passage of a cloud of
released radioactive material.l2  Two major sheltering strategies
wil) be considered here: (1) sheltering in place, in which individuals
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Table A.2 Approximate Range of Time Segments
Making up the Evacuation Time(a)

Approximate Range

Time Segment Hours
Decision time 0.5 - 1.5(b)
Notification time 0.2 - 1.0fc)
Preparation time 0.2 - 2.0(d)
Response time .2 - 1.5(e)

(G)High population, high density areas such as those around
Indian Point, present a different situation, and evacuation
times are more complex, probably longer, and must be analyzed
on a case by case basis.

(b)Maximum time may occur when offsite radiation measurements
and dose projections are required before protective action
is taken. Minimum times may occur when evacuation has been pre-
determined to be the appropriate response.

(c)Maximum time may occur when population density is low and
evacuation area is 'arge or when no rapid notification capability
exists,

(d)Maximum time may occur when families are separated, a large
number of farms or industries must be shut down, and special
evacuations are reauired,

{e)Maximum time may occur when road system is inadejquate for
the large population to be evacuated and there are bottlenecks.

Source: Adapted from Manual of Protective Action Gufdes and
Protective Actions for Nuclear Incidents, EPA-520/1-75-001,
Environmental Protection Agency, Washington, September
1975 (revised June 1980).
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remain indoors at their present location or move indoors to the nearest
available structures, and (2) preferential sheltering, in which indivi-
duals move into nearby buildings offering more effective protection than
those in which they are presently located. Both these strategies could
be followed by evacuation or relocation, if necessary, in which
individuals leave the area after passage of the radioactive cloud to
limit radiation exposure from ground contamination.

Sheltering may provide protection for two radiation exposure
pathways. These pathways are (1) external exposure to penetrating
radiation as the radioactive cloud passes and from radionuclides
deposited on the grounc and other surfaces after the cloud has passed
and (2) internal exposure due to the inhalation of radionuclides.12
Protection against external radiation, or ®"shielding,” is provided to
varying degrees by different kinds of structures. Table A.3 illustrates
the protection against radiation from a cloud source typicaliy provided
by various types of structures, and Table A.4 provides the same
information on protection from surface-deposited radionuclides. The
amount of protection afforded is given in terms of the “shielding
factor," the ratio of tha dose inside the structure to the dose that
would be received outside the structure. These tables show that a large
office or industrial building provides the most effective protection,
offering several times the dose reduction of a wood-frame house.
Reduction in the inhaled dose depends on the infiltration of radioactive
gases or airborne contamination and can be enhanced through ventilation
control or individual measures (to be discussed later).

Sheltering in areas with many basements can be as effective as
évacuation with relatively short delay times in the area 5-10 miles frcm
the reactor . when existing source terms are wused for the
compariéon.4!13 Even in areas with few basements, sheltering and
evacuation are about equally effective in preventing early fatalities
and injuries in the area beyond 10 miles from the reactor.l3

The sheltering process can also be thought of as being composed of
decision, notification, preparation, and response elements. The follow-
ing diccussion of the major constraints to sheltering will center on the



Table A.3 Representative Shieldinj Factors from Gamma Cloud Source

Shieldin

Structure or Location Factor(a Representative Pange
Outside 1.0 --

Vehicles 1.0 -
Wood-frame house(P) ’ 0.9 --

(no basement)

Basement of wood house 0.6 0.1 to 0.7(c)
Masonry house (no basement) 0.6 0.4 to 0.7(c)
Basement of masonry house 0.4 0.1 to 0.5(c)
Large office or industrial 0.2 0.1 to 0.3(c.d)

bui lding

(a) The ratio of the interior dose to the exterior dose.

(b) A wood frame house with brick or stone veneer (is approximately
equivalent to a masonry house for shielding purposes).

(c) This range is mainly due to different wall materials and different
geometries.

(d) The reduction factor depends on where the personnel are located
within the building (e.g., the basemert or an inside room).

Source: Calculation of Reactor Accident Consequences, Appendix VI to
Reactor Safcty Study, WASH-1300 (NUREE 75/014), U.S. Nuc'lear

Requlatory -ommission, Washington, October 1975.




49

Table A.4 Representative Shielding Factors for Surface Deposition

Representative Representative
Structure or Location Shielding Factor (@) Range
| m above an Intinite smooth surface 1.00 -
! m above ordinary ground 0.1 0.47-0.85
I m adove center of 50 -1t roadways, haif 0.5% 0.4-0,6
contaminated
Cars on 50 -ft road:
Road tully conteminated 0.% 0.,4-0.7
Road 5§ deconteminated 0.5 0.4-0.6
Road fully decontaminated 0.25 0.2-0,%
Trains 0.0 0.3-0.%
One-~ and *wo-story wood-frame house 9,4t8) 0,2-0-5
(no basement)
One- and two-story block and brick Ahouse 0.2(d) 0,04-0,%0
(no basement)
House basement, one or two walls fully axposed: 0.1(b) 0.03-0,15
One story, less than 2 ft of basement, 0.05(b) 0,03-0.,07
walls exposed
Two stories, less than 2 ¢t of basement, 0,03(b) 0,02-0,05%
waills xposed
Three- or tour-story structure, %00 fto
10,000 12 per ftloor:
First and second tloors 0.05(%) 0.01-0,08
Bosemont 0,010} 0.001-0,07
Multistory structures, >10,000 0'2 per tloor:
Uppe, floors 0.,01¢(0) 0.,001-0,02
Basemont 0.,005(b) 0.001-0,015

(8) The retio of the Interior dose to the exterlior dose
(b) Avay from doors and wlindovws
Source: Calculation of Reactor Accident Consequences, Appendix VI to Reactor

Safety study, WASH-1400, (NUREG 75/014), U.S. Nuclear Regulatory Com-
mission, washington, October 1975,




response element, although any major impacts on the decision-making,
notification, ar preparation processes will be identified.

A.3.2 Constraints
The ability to initiate sheltering in a radiological emergency is

also affected by the factors discussed in regard to evacuation. Popula-
tion distribution, transportation and geographic barriers, meteorologic

conditions, the presence of non-mobile populations, and political
considerations can influence the success of the sheltering option. In
addition, there is one other major potential constraint -- the

availability and accessibility of shelter.

Although any shelter provides some radiation prctection, sheltering
is most effective when good quality shelter is used. A shortage of
easily-accessed structures with adequate shielding factors would
handicap this strategy in the event of a serious nuclear accident. As
shown 1{in Tables A.3 and A.4, masonry buildings, buildings with
basements, and large commercial or industrial facilities offer the best
protection against externa: radiation. The higher the proportion of the
population that resides or works in such structures, the more effective
will be the "sheltering in place" approach. Preparation and response
time should be minimal for those individuals utilizing on-site shelters.

“Preferential sheltering" can theoretically be used where those
segments of the population that are not already in structures offering
the best protection are located nearby and can move to the good shelters
quickly. In addition to utilizing normally-occupied structures, the
affected population could find effective shelter in existing fallout
shelters or any other place with good shielding. Many planners feel,
however, that 1{f any movement is advised, evacuation should be
recommended instead of moving to better shelter,

The availability of space in structures with the most effective
shielding properties varies significantly from region to region., The
percentage of brick housing units varies from a low of 17% on the West
Coast to a high of almost 60% in the Southeast (Table A.5). There s an
even greater variance 1in the availabiTity of homes with basements,
ranging from a low of 13% in the Southwest to a high of 87% in the
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Table A.5 ‘Percentage of Brick Housing Units by Hult%-State Region

Region Brick Housing Units
(% of Total)
Northwest 47
Great Lakes 36
Southwest 40
Midwest 35
Pacific Coast 27
Atlantic Coast 45
Southeast 59

Source: DN. C. Aldrich, D, M. Ericson, Jr., and J. D. Johnson, Public
Protection Strategies for Potential Nuclear Reactor Accidents:
Sheltering Concepts with Existing Public and Private Struc-
tures, SAND77-1725, Sandia Laboratories, Albuquerque, WM,
February 1978.




<N
r

Northeast (Table A.6). During working hours, the availability of
sheltering for many people will be determined by the characteristics of
the facilities in which they are employed. The distribution of public
fallout shelters is also very uneven, with the greatest concentration
being in large structures in urban areas.l4 The access of the
population at risk to quality shelter is extremely important in
determining whether timely use can be made of the available facilities.
Rapid and early public notification of the need to seek shelter and of
the location of available facilities will also be essential in order for
the residents to respond.

The effect of different population densities and distributions on
shelter availability is unclear. While the need for shelter is clearly
greater in areas of higher population concentration, the total number of
structures is also likely to increase as is the number of buildings that
are well suited for sheltering, such as industrial and office complexes.
Public fallout shelters are also likely to be more prevalent in urban
areas. Sparsely populated areas must shelter far fewer individuals, but
there is no assurance that suitable facilities would be available. In
those regions where the number of brick dwellings and houses with base-
ments are both relatively low, the effectiveness of sheltering in place
during a serious radiological emergency can be limited.

Inhabitants of institutional facilities such as hospitals, nursing
homes, and jails m.v be more likely to be sheltered in place, as opposed
to being moved to an alternate location. The constraints to in-place
sheltering are expected to be minor relative to those previously
described for the evacuation of non-mobile and institutional
populations. Furthermore, the institutional structures are likely to
provide more effective radiation protection than smaller frame
buildings.

Reluctance to recommend sheltering could result from fear of
political repercussions, However, because fewer people would have to
leave their homes during the sheltering process than during evacuation,
and hecause any who do leave to seek better chelter nearby would
generally travel shorter distances, it is easier to suggest that area
residents take shelter than to recommend evacuation.
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Table A.6 Percentage of Housing Units with Basements by Milti-State Region

Region Homes with Basements
(% of Total)
Northwest g7

Connecticut, Delasare, Maine, Maryland, Massachusetts,
New Hanpshire, New York, Pennsylvania, Rhode Island,
Vermont, and West Virginia

Great Lakes

INinois, Indiana, Michigan, Minnesota, Chio and
Wisconsin

Southwest 13

Arizona, Califormnia, Nevada, Mew Mexico, (klahoma,
Texas, Utah and Wyaming

Midwest n
Colorado, I11inois, Indiana, Iowa, Kansas, Montana,
Nebraska, North Dakota, South Dakota, and Idaho

Pacific Coast 3
California, Oregon and Washington

Atlantic Coast 51
Connecticut, Delaware, Florida, Georgia, Maine,

Maryland, Massachusetts, New Jersey, North Carolina,
Rhode Island, South Carolina and Virginia

Southeast 16

Alabama, Arkansas, Florida, Georgia, Kentucky,

Louisiana, Mississippi, North Carolina, South
Carolina and Tennessee

Source: D, C, Aldrich, D. M, Ericson, Jr., and J. D. Johnson, Public Pro-
tection Strategies for Potential Nuclear Reactor Accidents:

Shelter s with Existing Public and Private Structures,
SNW?-I;%S‘, %&a [aboratories, Albuquerque, W, February, 19/8.
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A.4 OTHER PROTECTIVE ACTIONS

A.4.1 Description
Although evacuation and sheltering are the protective responses to

a nuclear plant emergency that come to mind first, other actions to
reduce the health consequences of an accident are possible. The
measures to be discussed here are directed toward reducing the
inhalation of radioactive material or preventing the radiation damage
due to inhaled radionuclides. Interdiction of the inhalation pathway
would be especially effective in reducing the dose to the thyroid in the
event of a major release of radioiodine. These measures provide no
protection against exter~al exposure, although this weakness can be
corrected by combining them with other measures, such as evacuation or
sheltering, which do.

A.4.2 Expedient Respiratory Protection

Expedient respiratory protective measures can be adopted following
the release of radioactivity from the reactor. The material needed for
these measures is normally readily availabie, and implementation should
be able to take place promptly. Two approaches will be discussed:
(1) control of building ventilation, and (2) improvisation of air
filters by the individuals at risk, for use both for filtering room air
and as respiratory masks.

Remaining indoors during the passage of a radioactive cloud from a
reactor accident can reduce the amount of contamination inhaled. Figure
A.3 shows the concentration of radioactive material outside and indoors
with time as the cloud passes. The concentration of radioactive
materials 1indoors depends on meteorologic conditions (temperature
differentials, wind speed, and wind shifts), building factors
(Lcpographic  location, furnace operation, and "tightness” of
construction), and particle size. Doors and windows should be closed
and v2ntilation equip- ment turned off when a radioact.ve release
occurs. Az the ventilation rate decreases, the ratio of the inhaled
dose commitment rate inside the building to that outside the building
decreases,3 increasing the advantage of seeking shelter. Simulations
have shown a 35% reduction in the dose from inhaled radionuclides, even

in small frame structures.15
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Fig. A.3 Concentration of radioactive material inside and outside a
building with time following the release of radioactive
materials from a reactor.

Source: Adapted from Calculation of Reactor Accident Consequences,
AEE. VI to Reactor Safetﬁtudz. wamrnﬁmr. U R

uclear Regulatory Commission, Washington, Oct. 1975.
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In a closed structure in which the ventilation equipment has been
shut down, radionuclides released during the accident can infiltrate
through cracks around windows and doors, dowr chimneys, and through
external walls and roofs. Infiltration rates vary greatly, but in most
residences, interior rooms, rooms with limited exterior exposure, or
closets would have the fewest air changes.15  Staying in these
areas would minimize the inhaled dose commitment rate. These rooms
would be, in general, the same rooms chosen for shelter from external
exposure to the cloud. Energy-efficient homes, with storm windows,
caulking, or weatherstripping, would be more effective in reducing
infiltration of radioactive contaminants.

Basements have been suggested for effective shelter from external
radiation. Estimates by Aldrich and Ericson,l5 assuming a basement
ventilation rate of half that of the upstairs, suggest significant
reductions in the dose commitment rate to basement occupants from
inhaled radioactive materials as compared to the inhaled dose outside.

During a radiological emergency, the effectiveness of ventilation
control can be improved by further reducing the air infiltration with
expedient measures such as sealing the cracks around windows and doors
with moist newspapers or cloth. An additional ten-fold reduction in the
inhaled dose might be obtained in this way.l6  Educational efforts
could prepare people to implement these measures.

Another way to lower doses due to inhaled material would be to
provide some type of filtered air supply for the house. High
performance filters are commercially available, but these would not be
accessible to the general public in an emergency. One expedient way to
filter air involves a vacuum cleaner. Sealing off one room tightly and
using the exhaust from a household vacuum cieaner to press.rize the area
by drawing the air from anotner room lowers the inside contamination in
two ways. The vacuum cleaner bag (particularly when filled with a
normal collection of household dust) has been shown to be an effective
filter for simulated radioactive particles. Furthermore, the slight
pressurization of the sealed room helps inhibit infiltration of the
outside air.l7
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The inhaled dose depends both on the concentration of radioactive
material in the air and on the time it per'sisi:s.18 Radioactive
materials which have "leaked" into 2 closed house will remain there
longer if the house remains closed than if the structure is ventilated
with uncontaminated outside air at an appropriate time. Figure A.3
shows that there is a time at which the concentration of radioactivity
in the outdoor air falls below that inside. One solution might be for
everyone to go outside at this point, but this would leave the residents
unsheltered against external radiation from any contaminated material
deposited on the ground. A better alternative is to open doors and
windows and turn on ventilation systems to bring in the less-
contaminated outside air. (Opening only windows and doors on the
downwind side of the building may be advisable until the extent of any
resuspended surface contamination is known,)16 Calculations by
Sandia Laboratoriesl® show that the time lag between the passage of
the cloud and the “opening-up' of the building is very significant in
obtaining any benefits from this maneuver. For structures averaging one
air change per hour, the time lag must be less than one hour and the
release must be short (an hour or less) to get substantial benefit.
(The more-probable high-consequence accident sce.carios would involve
release durations of this magnitude.)” If the structure can be
sealed more tigh*1y before the cloud passes, post-cloud ventilaticn can
be very beneficial in reducing inhaled dose even with longer time lags
and much longer reiease durations. The recent emphasis on “tighteni'.g”
houses in the interest of energy conservation may make ventilation
control an even more 2ffective protective measure.

Individual respiratory protection can also reduce the amount of
radioactive materials inhaled. Guyton et al.19 showed that many
common household items are effective in filtering 1-5u particles and
could provide effective respiratory protection. These results are shown
in Table A.7. Although toilet paper is an effective filter material for
1-54 pa;gicles, it would tend to disintegrate from the moisture in the
breath.



Table A.7 Respiratory Protection Provided by Common Household and Personal Items

Against Aerosols of 1 to Su Particle Size

Geometric Mean

93% Contldence

Number of Reslistance Number of Ettliclency Limits for Mean
‘tom Thicknesses mm of Hp0 Observations Lower Upper

Handkerchlet,

man's cotton 16 36 32 94,2 92,8 93,9
Tollet paper 3 13 32 91,4 89,8 92,8
Handkercklef,

man's cotton 8 18 32 88,9 85.9 91,6
Handkerchlet,

man's cotton Crumbled - 32 88,1 89,1 90,95
Bath towsel,

turkish 2 n 32 85,1 83,3 86,8
Bath tow.',

turkish | -] 30 73,9 70.7 76,8
Bed sheet, muslilin 1 22 32 72,0 68,8 74,9
Bath towel,

turkish 1(wet) 3 3 70,2 68,0 72,3
Shirt, cotton 1(wet) >150b) 15 63,9 37.9 72,3
Shirt, cotton 2 7 30 69,3 60,0 69.6
Handkerchlet, 00

woman's cotton 4{wet) 84 32 63,0 97.3 67.9
Handkerchlet 60

man's cotton 1(wet) 98 30 62,6 57,0 67,3




Tabte A.7 (cuntinued)

Geometric Mean 95% Confidence
Number ot Resistance Number ot Etticlency Limits tor Meen, £
1tem Thicknisses mm of HZ0 Observations 4 Lower Upper
Dress material,
cotton 1(wet) 1808 31 56,3 49,6 62,0
Handkerchlet,
woman's cotton 4 2 32 55,5 52.2 56,7
Silp, rayon 1 6 32 50 .0 46,2 53.6
Dress materlial,
cotton 1 3 n 47,6 41,4 33,2
Snirt, cotton 1 3 32 34,6 29,0 39.9
Handkerchlet,
maa's cotton 1 2 32 27.9% 22,0 32,9

(d)rgsistance obtained

when checked immedlately atter hand wringing, Thils resistance began to
decrease after about one mlinute when the materlal started to dry,

Source: H., G. Guyton, H. M, Decker, and G, T. Anton, "Emergency Respiratory Protection Against
Radiological and Biological Aerosols," AMA Arch. Ind. Health 20, 91 (August, 1959).
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More mecsurements have now been made on the penetration of 0.4-4u
particles, as #eli as I and CH3I vapors, through common
materials.2l These data (Table A.8) indicate that expedient
respiratory protectivn would be beneficial for particles of 0.5 or
greater. The tests also showed that krypton gas could be delayed by :he
materials and that penetration of I could be reduced by wetted
fabrics.2l The filter efficiency of the tested media increases with
the particle size. There is evidence that in a large release from a
serious accident the particles would be larger than those from small
releases. Unless there i; a noncondensable gas release, radioactive
vapors may condense on larger dust particles in the air, making these
filters more effective in this situation.22

When any material is held over the nose and mouth, extra effort is
required to breath through the filter medium, This difficulty is
measurec as a pressure drop across the filter. Pressure drops of 20 mm
water at 10 /min flow through 12.5 cml do not require too much effort
to breathe and are generally acceptable. Most commercial respiratory
masks are designed for 10 mm (100 Pa) pressure. MWetting the filter may
increase its filter efficiency, but this may sometimes produce such a
substantial increase in the pressure drop that it would not be
advisable.23 Using a wet filter of large area, such as a bath
towel, would minimize the pressure drop problem.5

A low pressure drop is important for effectiveness as well as
comfort. The decrease in measured filter quality as the pressure drop
increases 1is thought to be due to leakage around the material.l9
Leakage around the edge of the material may limit the dose reductions to
about 25% of the unfiltered dose.22  Ways to improve the seal
around the filter medium are being investigated. The mask might be
taped to the face or held on by something like nylon pant,yhose.22

Both ventilation control and expedient filters are effective in
reducing the dose due to all inhaled radionuclides. They are completely
compatible with sheltering. The places in the residence which offer the
best shielding against external radiation are generally areas in which
the air exchange rate is less, Shelter plus expedient filtering can
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Table A.8 Estimated Penetration Through Expedient Respiratory
Protection Materials at 50 Pa (0.2 in H,0) Pressure
Orop and 1.5 am/s Face Velocity

Aerosol Particle lzb cn,n'
Material No. Layers Diameter (um)
0.4 1 3
DRY

3H respirator® 2 .03 .,004 <. 01

f 8710
Sheet 20 .66 .64 .020 1.0 0.d9
Shirt 15 .54 «39 .070
Lower—-quality

towel 20 33 41 015
Higher~quality

towel 6 .24 .13 <, 01 o.dﬁ
Handkerchief 14 «61 .54 «032

wET
Sheat 6 .91 .88 .22 .45 L&)
139 1.

Shirt 6 1.0 51 <,02
Higher~quality

towel 4 «20 <, 01 <, 01 o21 1.0

Handerchief 2 .98 .5 .37 .Idd

(a) Available commercialliy In single-layer thickness,

(b) Taken from tests at 1,0 cm/s, as-uming penetration is the product
of singie-layer penstrations,

(c) Not shown to be statistically different from 1,00,

(d) Wetted with 55 by welght baking sodas solution.

Source: D. W. Cooper, W. C. Hinds, and J. M. Price, Expedient Methods of
Respiratory Protection, NUREG/CR-2272 (SAND81-7143, AN), Harvard
School of Public Health, Boston, MA, November 1981,
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reduce the inhaled dose by factors of ten or greater.22 Shelter
plus minimal ventilation control can produce a 35% reduction in inhaled
dose. Emergency sealing and post-cloud ventilation can further increase
the dose savings.l® Ad hoc filters can also be employed to reduce
the inhaled dose during evacuation if the pooulation is still relocating
when the contamination arrives.

The benefits of these simple, low-risk techniques mist be communi-
cated clearly under crisis conditions and during periciic educational
campaigns. Because a large reactor accident would be such an in-
frequent occurrence, <ome people may not be prepared to implement these
procedures without instruction. During an actual emergency, éonstant
communication through TV or radic would be necessary to instruct people
when to close the structure and when to open the windows again, Basic
safety precautions, such as extinguishing open combustion sources
before sealing the house, would have to be emphasized to avoid risks of
suffocation or combustion gas poisoning if .sheltering were to be
prolonged. )

Infants23 and other peopie who cannot tolerate material held
tightly over their nose and mouth can iely on less effective measures
(such as a blanket pulled up over the infant's head) in addition to
shelter and controlling the building ventilation, Both individual
filters and lack of building ventilation may become intolerable if the
release is prolonged. These techniques are best suited 7or limited
periods of exposure.

Respiratory prctection is only effective in reducing the amount of
radioactive material inhaled. Some protection against external
radiation doses would be gained by associated actions, such as
sheltering or reducing the contamination of interior surfaces through
ventilation control. Expedient respiratory protection is probably bdest
used as a supplemental action to evacuation or sheltering. By improving
the protection of sheltering, the shelter-respiratory protection
combination becomes a stronger alternative to evacuation and an
excellant choice when evacuation is not warranted or is not feasible.
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A.4.3 Pharmaceutical Prophylaxis

Pharmaceutical prophylaxis or the use of radioprotective drugs is
different from the protective measures previously discussed. This
action involves the use of a chemical to block the effects of the
radiation exposure or to hasten the elimination of a radioactive
contaminant from the body, as opposed to the sther measures which were
designed to prevent the exposure.

The best-known radioprotective drug is potassium iodide, used to
prevent the accumulation of radioiodines in the thyroid. Protection
against radioactive iodine will be discussed separately. A brief look
at other drugs for possible protection against external exposure and
inhalation and ingestion of other isotopes will then follow.

A large reactor accident, particularly a core-melt accident,
could release large amounts of radioiodine to the atmosphere. This
iodine reaches the bloodstream in the form of iodide and becomes
concentrated primarily in the thyroid gland. Concentrations of
iodide in the thyroid are generally 20-50 times that in the blood
stream.24 Concentration of the iodide in other tissues such as
the salivary glands, parts of the gastrointestinal tract, the mammary
glands, and the placenta also occurs to a lesser degree. The
concentration of the radioisotopes of iodine in the thyroid causes
the thyroid to receive a much larger dose of radiation than other
portions of the body.

Iodine has elever radioisotopes with atomic masses of 129 and
131 through 14C. The radioisotopes with half-lives betwe . 52.5 mip
and 8.05 d (1311) can present protlems 1in the early days after a
reactor accident.?5 The relative contributions from these isotopes
to the total absorhed thyroid dose in the first few days after a
hypothetical core-melt accident wo:1d be as follows: 1311, 60%;
1331. 30%; 1321, 1341, and 1351, together, 10%.26

Most radioactive iodine would be inhaled in the early hours
after the release from the reactor containment. The other common
radioiodine pathway is ingestion of contaminated milk and other
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foodstuffs. This pathway could be virtually eliminated after a reactor
release by the immediate removal of dairy animals from contaminated
pastures and confiscation of contaminated foods.

Inhalation of iodine after a severe accident could produce thyroid
doses large enough to cause both acute and latent effects. The
principal short-term effects are thyroiditus and hypothyroidism,
although the former has such a high radiation induction threshold that
it would be unlikely in the general population. Late effects include
delayed hypothyroidism, benign thyroid nodules, and thyroid cancer. The
human fetus can absorb radioiodine beginning about the 10th-13th week of
gestation. The only well-documented effect of radioiodine on the fetus
is hypothyroidism.25

A number of pharmacological agents that block the accumulation of
radioiodine by the thyroid gland are av~ilable. They include clinical
antithyroid agents, such as propylthiouracil or methimazole, and ionic
blocking agents. The former category prevents synthesis of organic
c0mpounds of iodine, reducing uptake and retention as well as speeding
the loss of radioiodine, but these drugs may have serious side effects.
The prime mechanism for the ionic blocking agents is the saturation of
the body's 1iodide transport system.25 Iodide was chosen as the best
choice of these compounds based on effectiveness, safety, and ease of
FDA approval.24 Potassium iodide is distributed to the public in
Sweden2’ and some other countries.  Great Britain, on the other
hand, has concentrated on iodate (in the form of potassium iodate
tablets) for radioiodine prophylaxis.25

When a normal person has a large single intake of radiofodine, most
of the 10-40% of the radioactive material that will be retained by the
thyroid is accumulated in the first 12 h, The thyroid continues to
collect the radioiodine at a slower rate for the next 12 h, Stable
iodide (in the form of potassium iodide) administered before or shortly
after the exposure can block most of the radioiodine uptake25 (Fig.
A.4). A single dose of about 100 mg stable iodine (130 mg potassium
iodide), taken within 2 h of or simultaneously with an oral dose of

1311, has produced 90% or better reduction in peak radioiodine
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Source:

TIME (h)

Percent of thyroid blocking afforded by 100 mg of stable
fodine as a function of time of administration before
or after a 1y Ci slug intake of 131],

L. A. I1'in, G. V. Arkhangel'skaya, Yu. 0. Konstantinov, and
I. A, Likhtarev, Radioactive lodine in the Problem of
Radiation Safety (USSR, 1972), AEC-tr-7536, U. S. Atomic

tnergy Commission, Technical information Cénter, O0ak Ridge,
TN, 1974,
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accumulation in the thyroid.28 A reduction of 50% or more is
attainable only if the potassium iodide is taken within the first few
hours a.ter single exposure,25,29

Daily doses of 130 mg potassium iodide could be continue& for at
least 3 days until most of the radioiodine still in the bloodstream is
excreted,25 but one large early dose would be as effective for a
slug intake.28 Longer treatment would ‘e necessary if there is
continuing exposure to redioactive iodine. These doses can be continued
without probable toxic effects for 7-10 days.25 Although toxicity
would not be expected in the young when taking the adult dose,25 the
FDA recommends halving the dosage (65 mg potassium iodide) for infants
undér the age of one.26

Potassium 1iodide has been available in the United States in
solution., Single doses of this solution are stored in dark glass
ampules.25 The FDA has approved New Drug Applications for scored
130 mg tablets and a bottle of solution with a calibrated medicine
dropper.24

If large releases of radioiodine from a nuclear power plant have
occurred or are imminent, timely administration of potassium iodide can
be very effective in lowering the dose to the thyroid and reducing the
consequences of the accident. If taken before or within 2 h after expo-
sure, it is more than 90% effective in blocking radioiodine uptake by
the thyroid gland, but clear guidance on when potassium iodide should be
used has not been issued. NCRP-55 suggests considering its use if the
absorbed thyroid dose to the general public is expected to exceed 10
rad.25 The Environmental Protection Agency has suqgested some type
of protective action at a projected thyroid dose to the general public
of 5-25 rem but does not include potassium iodide prophylaxis on its
1ist, 10 Questions as to the projected thyroid dose and the timing
of the blocking drug led to the decision not to use the drug when
supplies of potassium iodide were obtained after the accident at Three
Mile Island.30

Although the question of side effects is frequently raised, the
incidence of serious side effects from short-term administration of
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daily 130 mg doses of potassium iodide would be expected to be very low.
Much larger daily doses on a long-term basis have been used for years in
the management of pulmonary disorders.24

NCRP-552% 1lists the known side effects of iodide admini-
istration. These include hyperthyroidism, hypothyroidism, and iodide
goiter, as well as skin eruptions, swollen parotid glands, and iodism.
" These complications are rare and, when seen, have occurred at much
larger doses of ijodide. People with pre-existing thyroid damage
may be more susceptible to the thyroid side effects.25 Even so, a
known allergy to iodide would probably be the only reason not to use
potassium iodide in a radiation emergency.24 As a precaution,
however, the public and area physicians should be made aware of
possible side effects of potassium iodide and what to do if they
occur,

The administrative problems associated with the use of potassium
iodide may be a greater constraint. In order to have the emergency use
of potassium iodide as an option, the drug must be stockpiled securely
near the reactor site. These stockpiles would have to be replaced
periodically. (The expiration date is now two years, but stability
studies are underway.)24 Detailed plans for emergency distribution
of the drug to the people at risk must be formulated. There are
political and.public health question: affecting the decision to give any
drug, regardless of its safety, to large segments of the
population.30  Getting correct and appropriate information to a
concerned public could be a public information problem if it is not
worked out in advance. If potassium iodide is made available to the
general public in a radiation emergency, monitoring programs should be
set up to test its effectiveness as a thyroid block and to check out
promptly any reports of side effects.

Thyroid blocking cannot be separated from other protective measures
and must be considered only a supplemental strategy. Evacuation,
sheltering, and expedient respiratory protection can provide at least
the same degree of thyroid protection as potassium iodide alone, in
addition to protection against exposure to radioactive materials other
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than radioiodine. Bacause of this limitation, one study has questioned
the cost effectiveness of implementing a potassium jodide program for
the general public.29

Potassium iodide may prove more cost effective as a protective
measure for site personnel and emergency workers.Z9  These groups
will be at greater risk due to the higher thyroid exposures expected on
and near the reactor site. Although respirators may also be feasible
for these groups, thyroid blocking may be initiated more easily for them
than for the general population. Stockpiling and emergency distribution
of the drug can be handled through their usual administrative chains.
The smaller population can be monitored for side effects along with the
routine radiological monitoring during the emergency.

Even with these difficulties, the option for thyroid blocking may be
an important part of 1 feasible emergency response. Non-mobile and
institutional populations that could not evacuate easily might benefit
greatly from its use. Because this measure can provide some benefit
after the exposure, it could be an important supplementary measure for
the: general public when evacuation takes place after the exposure to
radioiodine.

A number of other radioprotective drugs have been used to reduce
the nealth effects due to internal exposure to radionuclides, but these
procedures are generally implemented only when the exposure greatly
exceeds the permitted guidelines for radiation workers. Two general
processes employed are these: (1) reduction of absorption and internal
deposition, and (2) enhanced elimination., Stable strontium, phosphate,
and calcium, for example, can respectively, dilute, decrease intestinal
absorption, and speed excretion of radiostrontium. For a brief summary
of the use of these compounds, as therapy for selected elements, see
Ref. 31.

Most medical procedures are more easily directed toward ingested
contamination. Effective management of contaminated food and water
resources after a reactor accident should eliminate this pathway.

Inhaled contamination presents greater problems because the response
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depends on the person’s history and the form of the contamination;32
insoluble forms reach the bloodstream so slowly that administration of a
drug is not effective. Expectorants and inhalants have not proven
useful in treating people who have inhaled radioactive particles.31
Studies o: the use of prophylactic agents for radiocesium and
radiostrontium from reactor accidents were recommendea by the Clinch
Valley Study in 1972.23 No drugs suitable for distribution to the
general public for these two radioactive elements are yet available.

Some pharmaceutical development is occurring in drugs that provide
limited protection against external radiation. These drugs appear to
work by interfering with the chemical mechanisms responsible for
radiation damage. A class of sulfahydrol compounds, sSuch as
mercaptoethylamine, can raise the radiation tolerance two to three
times, but these drugs must be given in near toxic 1levels before
irradiation. An enzyme, superoxide dismu’.se, shows promise in this
regard. It appears to be less toxic at effective levels and retains
some effectiveness when given after the exposure.33

While development of radioprctective drugs other than potassium
iodide could benefit the victims of industrial radiation accidents and
patients undergoiag radiotherapy, they have no role at this time as a
protective action for the general public. The risks of pharmaceutical
treatment would override the risk of the radiation exposure expected for
the general public.

Because of its availability and low toxicity, potassium ifodide is
the only radioprotective drug approved for general distribution. It can
be e’fective in reducing the thyroid dose from exposure to radioiodines
that might be incurred by the public after a release during a nuclear
reactor accident. Decisions concerning its use will be made not only on
a risk from drug vs risk from radiation basis, but also on its
usefulness and cost-effectiveness in comparison with other protective
actions.
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