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Preface

N

thtnmnmm’rwd to provide practical guidance

to Stats, local, and other officials on cri:tc:h to use in plamning
protective actions for radiological emergencies that could present

a hazard to the public. The guidance presented hare is not intended
as a substitute for, or an addemdum to, a& State radiological emergency
vesponss plan. It is intended only to provide information for use

in the development of such & plan. -

In conformance with a Federal Register Notice of interagency
responsibilities for nuclesr incident response planning dated
January 17, 1973, EPA is responsible for (1) establistment of pro-
tective action guidelines, (2) recomsendstions as to appropriate
protective actions, (3) assistance to State agencies in the develop-
sent of emergency response plans, and (4) establiistment of radiatiok

()

deve.zion and measurement systems. This document is intended to be
tesponsive to these assigned responsibilities.

The manual is organized to provide first, a general discussion
of Protactive Action Guides and their use in planning for the implemen-
tation of protective actions to protect the public. This is followed
by chaptars dealing with Protective Action Guides for specific exposurs
pathwvays and time periods. The application of Protective Action Guides ’
and protective actions is discussed separataly for various categories
of source terms. Support information that has not been previously
published is provided as sppendices.

-t st = A i
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The lcose leaf format was choeen for flextbility. Copies of
additicnal or revised sectiocus will be forwarded routinely to ssnual
zecipients designated as having responsibilities for developing or

updating State radiologicsl emsrgency respouse plans.
Users of this manual are encouraged to provide comments and

suggestions for improving the contant. Comments should be sent to
the EPA Office of Radiation Programs, Environmental Aoalysis Divisiom,
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et e ———— L
.

B

LS ST

S A

— g

et - &

CHAPTER 1
Perspectives for Protective Action

1.0 Introduction

In emergency prepareduness planning for a nuclear incident with
potential for axposing the general public to harmful radiatiom,
public health officials require criteria to determine the need for
protective actions and for choosing appropriate protective actioms.
EPA is responsible for providing these criteris and for assisting
the States in preparing emergency response plans to implement these
criteria.

After a nuclear incident occurs, an estimate is made of the
radiation doee which affected population groups may potentially receive.
This dose estimate is called the projected dose. A protective action
is an action taken to avgid or reduce this projected dose vhen the
benefits derived from such action are sufficient to offset any
undesirable festures of the protective action. The Protective Action
Guide (PAC) is the projected doss to individuals in the population
which wvarrants taking protective actiom.

A Protective Action Guide undsr no circumstavces implies an
scceptable dose. Since the PAG is based on 8 projected dose, it is
used only in an ex post £act_oo££m:om:hcmkfmn
event which is occurring or has already occurred.
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Exposures to populations from an incident may well be above

acceptable levels, in an absolute sense. However, since the event
has occurred, PAGs should be implemanted to ameliorats the impact
on alrsady exposed or yet-to-be exposed populations.

On this basis thers is no direct relationship between acceptable
levels of socistal risk and Protesctive Action Guides. PAGs balancs
risks and costs against the benefits obtained from protective actionm,
assuming that the projected threat will transpire. The responses
nade in a given situation should be based on PAGs and the spectrum

“of possible protective actions available at that tima.
1.1 The Need for P

Within the general framework of providing smaximum heslth protec-
tion for an endangered public, the public official charged with re-

sponse to s hasardous situation may be faced with a numbar of decisioms - >

which stst be made in & short time. A number of possible alternatives
for action may be available, but the information nesded to select the
optimum alternative may not be svailable. In thosas situations where

a public official must rapidly select the best of several alternatives,
it is helpful if the number of decision points can be reduced during
the accident respouse planning phase.

The efforts of planning activities can ususlly be based on the
peed for immediace response. Therefora, the objective is to minimise
the aumber of possible responses 80 that ragources are expended only
en viable alternatives in emergency situstions. During plamming it
is possible to assess value judgments and determine which steps in

1.2
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1.2

response are not required, vhich steps can be answered on the basis
of prior judgments, and which remain to be decided in an actual
emergency. From this exarcise, it is then possible to devise a
set or saveral sets of cperational plans which can be called out to
answer the spectrun of hazardous situstions which may develop.

In the case of an sccident at a nuclear Teactor, a hazardous
situation could develop which msy have public health implications
over a large ares with diverse populations and population densities.
Probably little time will be available to make decisions. The
availability of "action guides” based on advance planning will facili-
tate rational decisions in emergency situations. During the planning
stage, the responsible public official must consider the total range
of possible ralesse scenarios and consider in each what goals are
achievabls keeping in mind both fiscal and societal costs. Because
of this imowledge of local conditions, he will be aware of any con-
straints which may restrict his scope of rasponse, such as specific
industries, :l.n!o:itu_z.:!.g!.' .stf}t_u. .zattcm. etc. He will then be able

- P -
to select the optimum response for sach situationm.

Naturs of Protective Action Guides, Protective Action, and Rastorative
Action

Protective Action Guides are the numerical projected doses which
act as trigger points to initiste protective action.
PAGe must be provided for three broad pathways of radiation
exposurs:
(1) Exposure from airborne radicactive releases. This type of
exposure could occur within a short period following an

1.3
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incident as a result of inhalation of radicactive materials
or from external whols body exposure.

(2) Exposure through the food chain. This exposure will be
from ingestion of contaminated foodstuff and water. It
may commence shortly after the passage of airborne radio-
active materials and may continue for a long or short
time depending on the radionuclides involved.

(3) Exposure from radiocactive materials deposited on the ground.
Here we are desling with a change in background radiation
1m1¢. snd exposure pathways may include inhalatiom,
ingestion, and external whole body exposures.

Differant PACs must be developed for each pathway of exposure
since different criteria of risk, cost, and benefit are involved.
Each exposure pathway would involve differest sets of protective or
restorative actions as indicated in table 1l.1. Each action listed
applies to the general populatiou except for prophylaxis, respiratory
protection, and protective clothing. These actions would primarily
apply to emergency workers.

Exposure to the airborne plume is related to the duratiom of a
relesse into the atmosphere. While relsass durations as long as
30 days or more are theoretically possible, for emergency purposes.
release durations of a fev hours up to a few days are more resalistic.
Protective action to be taken for this pathway may include any or all

of the following:
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(1) evacuation,

(2) respiratory protectiom,

(3) shelter,

(4) prophylaxis (thyroid protection), and

(5) controlled access.

Restorative actions would then include:

(1) reentry first by surny and decontamination teams,

(2) removal of respiratory protection,

(3) exit from shelters, )

(4) lt.opp:l.ng propbylactic measures, and

(5) allowing free access by the population.

Exposure through the food chain may be either short term oOr
chronic depending on the characteristics and half-lives of the
radionuclides involved. Control of this pathway of exposure would
be by:

(1) cootrol of access to contaminated animal feeds,

(2) decontamination of certain foodstuffs,

(3) diversion and storage to allow decay of short half-life

radionuclides, and

(4) destruction of contaminated foods.

Exposure from materials deposited on the ground might also be
either short term or chronic depending on the radionuclides involved.
Protective actions would include:

1.6
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(1) evacustion, and

(2) controlled access.
Since ths problem for ground contamination involves an . .cresse
in background levels, denial of access might continue for extended
periods of time. Decontamination may then be the only action which
will allow free access to and utilization of contaminated areas within
a short time. Restorative actions would be reentry, decontamination,
and lifting of controls.

The PAGs are to provide standardized criteris for selecting
predetermined actions at the sacrifice of some flexibility in
balancing the risk of health effects versus the effects of protsctive
actions during an emergency. The loss of flexibility in response is
expected to be within the limits of accuracy of determining the
factors involved. The loss of flexibility is also offset by the
advantage of being able to respond to the immediacy of the risks in
the case of an emergency.

The range of PAG values allows consideration for local comatraints
during planning for implementation. ém- should be assigned for each
site to assura that local constraints are properly introduced.

1.3 Protective Action Decision Making

A nuclesr incident as definad hersein refars to a serias of events
leading to the release of radiocactive matsrials into the suviroomemt of
sufficient magnitude to warrant consideration of protective actions.
Protective actions are those actions taken following & nuclear incidemt

1.7




1.3.1

1.3.2

that are intended to minimize the radistion exposure of the general
public resulting from incidents.

The decision to initiate a protective action may be a complex
process with the benefits of taking the action being weighed against
the risks and constraints involved in taking the action. In additiocm,
the decision will likaly be made under difficult emsrgency conditioms,
probably with little detailed information available. Therafore,
considerable planning is necessary to reduce to msnagesble levels the
e gfpiacisigns lending sg-#ffggiive rasponses to protect the
public in the event of a nuclear incidemt.

Action Factors

Within the context of nuclear incidents, a wide variety of
possidle situstiouns may develop. Some perspective of the needs of the
responsible planning officer can be shown in a brief descriptiom of
the factors involved. Basically, the officer must balance problems
involving identification of the magnitude of the releass, possible
pathways to the population at risk, hovmh time is svailable to taks
action, what action to take, snd vhat the effacts might be.

Incident Determinations

The first problem to arise will be that of identifying the type of
incident and the magnitude of the relsass. Nuclear incidents may be
extremaly variable and may range from very ssall releases having no
measurable consequences offsite to large scale releases possidbly
involving large populations and aress. Responses must be appropriate
to the incident reported.

1.8




One of the variables will be. the source term, vhich refers to
the characteristics and release rate of the radiocactive material.

The amounts and types of radionuclides available for release should
be immedistely calculable by site personnel. What is actually being
released to the enviromment can be estimated but may not be confirmed
for some time after the incident.

The magnitude and duration of the release may be estinated by
site personnel from plant conditions or from knowledge of the type
of incident that has occurred. However, the estimate may be highly
uncertain and must be updated on the basis of onsite and offsite
monitoring observations and oparational status of enginesred safeguards.

If source term information is not availsble immediately, defsult
valuas should be available from planning efforts. These values could
be based on accident scenarios from WASH-1400 (1), design basis acci-
dents evaluated in the NRC safety evaluation report for individual
facilities, or other scenarios appropriate for a specific facility.

The second major varisble will be where the raleased materisl is
axpected to go. Meteorology and geography will affect this variable.
Current meteorological conditions can be observed directly at the site
and relevant locations. However, complate meteorclogical data will
neaver be available, and extension of observed data must be made to
predict the course of released material.

Current westher conditions may restrict the opticas for response,
e.g., svacuation in a blizgzard mey be reduced or impossible. Westher

1.9
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forecasts have all of the inherent uncertainty of the current condition
estimates since they are derived from theses.

Geography 1is important both in its influence on meteorology and
on denography and in its influence on value judgments to be mads.

The planning for a coastal gite or a river valley site may be different
dus to road patterns and methods for commumicating or applying protec-
tive actions.

Demography is & variable to be considered during the planning
stage. Demography is of most importance in halping to assess the
possible impact of an incident. Population numbers, age distridbucion,
distribution within an ares, etc., will have some influsnce on responses
availsble in any situatiom.

Providing for the ability to detect and mesasure 2 release are
important factors for planning. Although it may be possidbls to detect
releases and measura release utu4 at the site, information from environ~
nental smeasurements will be needed to confirm any estimates made om the
basis of onsite measursments. Detection aund measurement at locations
offsite are necessary to update and/or confira predictions about the
movenent of the release in the enviromment. Locations for installed
equipment must be planned, probably on the basis of average ares
asteorology. Instrumsntation needs are discussed in more detail in
Appendix A.

The source term, meteorology, and geography parameters are
utilized in making a prediction of the path and time profile for the

1.10
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release. This prediction, in combination with demography data, will
be used to select the best responses for the situation. The most
reasonable approach is to plan path and time profiles (isopleths)
for unit rslease situations and then to modify them as resl data
are obtained.
1.3.3 Exposure Pathways

The next decision after the detarmination of an accident situa-
tion will probably concern identification of important patimmys of
radionuclides to the population. Exposurs pathways of immediate
importance and the time availgble to interrupt them can be decided

to a large extent on the basis of plamning judgments.
mcinglgmot important pathway during the emergency phase
is probably by air. The air pathway will be via inhalation of

()

either gases or particulates and whole body exposurs to the plume.
Released gases will be either radicactive noble gases, organic
iodides, inorganic iodides, or volatile inorganic materials. Par-
ticles will probably form by the condensation of vaporised materisl.
Water is a pathway for exposure by ingestion or immersion. Re-

leased material may enter the water directly or in the form of fallout
or rainout followed by surface runoff. The immersion patbwsy of
exposure is unlikely to have gignificance axcept in very specialised
circumstances. Ingestion of water is probably only a minor patbway

1.3




of exposure in the short run. However, tha gastrointestinal systea
must be considered for louger term ingestion of contaminated drinking
water.

Ingestion of food is an important exposurs pathway. However,
with cthe possible exception of drinking water, milk, and contaminated
leafy vegetables, entry of rslessed materials into food and passage
along this pethway is delayed. Identification of sensitive points
for control should be made during planning.

Charactsrization of release materials involved in air, water,
and food pathways will not be done for some time after sn accident.
The initial decisions will have to be made on the basis of astimates
daveloped in plamning and modified as real information becomes
svailabls.

Direct extaroal whole body radiation exposure may be a haszard.
Raleased matarial deposited in soil or water or suspended in air and
saterial still st the site serve as sources of direct radiation, mostly
by gsmma and beta radiations. Although exposure rate may be measured
dirsctly at specific locations, the distribution must be estimated and
the estimates updated on the basis of monitoring data. Fairly complete
monitoring will be needed during implementation of restorative actioms.

Soil contamination, in addition to providing part of the direct
whole body exposurs, also provides a contribution to the air pathwey.
Relessed material deposited on 801l can be resuspended, thus possibly

1.12
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entering the air, water, and food patiways. Evaluation of these
bazards will be particularly important in deciding sppropriaste
actions during the restoration phase, ¢.g§., level of decontamination
needed.

1.3.4 Populations at Risk

The next consideration of importance to the respousible official
is what population is to be protected. Prior judgment and planning
based on the geography and demography of the ares sroumd the site
and on critical pathways are essential to identifying populations
at greatast risk.

The average population is made up of persons with varying
sansitivities to radiation exposurs, and responses msy be keyed to
the most sensitive, Oor responses may be restricted, depanding on
characteristics d'th local populatioa.

(1) For purposes of Tesponse plamning, the gemneral populatice
wvill be evaluated on the basis of risk to individuals withia
the population, usually om the basis of svoidisg cliaical
effects. However, the population as a whols will also be
considered in plamning some responses om the basis of
statistical risk of somsetic and/or gemetic effects.

(2) Sensitive populations may be cousidered om a special basis.
Children, including the fetus and wnborn children, are
generally sore sensitive than healthy adults. Por this
reason, such membars of the population msy be salected




either as the most sensitive receptors or as a special

. group for protection.

o . (3) Selected populations will also be presezt. These .
populations may be selected on voluntary or involuntary

bases. Workers at a nuclear facility ars classified

as radiation workers and fall under differemt criteris for
protection than the general population. Those persons who
are engaged in public service activities during or after
the accident are voluntarily placing themselves under — i -
different critaria for protection than the general popula-
tion. TFinally, some persons are involuntarily included
‘ | under different criteria because the risk of taking action
is different than for the gensral population. This
‘ involuntarily selected population may include bedridden
sod critically 1ill patients, patients in intensive care
units, prisoners, etc.
1.3.5 Radiation Effects
A final parameter which must be considered is radiation effects.
These may fall into two categoriss, early or delayed, but are not
mtually exclusive.
(1) ZXarly (acute) effects, occurring within 90 days, msy include
fatalitiss, sywptoms of radiation sickness, or clinically
datectable changes. LKfforts to protect selected populatioms
will extend to preveantion of fatalities, minimiszstim of

1.4
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i syaptoms of radiation siciness in radiation workers and
public service personnel, and prevention of clinically

datectable changes of uncertain significance in the rest

of the population. The basis for decisions regarding early
effects is not hard to justify because of the i{mminence
of such affects. Howaver, they must be made rapidly under
conditions of competing nesds to protect the public.

(2) Delayed statistical effects (i{.s., blological effects which
can only be observed on a statistical basis) will occur
at random in a population after exposurs to released
materials. These effects may be fatalities or disabilities
of somatic or genatic origin. The incidence of these
effects is estimated on the basis of statistical evaluation
of epidemiological studies in groups of people who had been
exposed to radistion. Decisions concerning statistical

()

effects on populations will be more difficult because

of the lack of immediacy of the effects. But in the long
nun, these effects might cause the greatest impact on the
general population.

The response times, actions to consider, and possible health
effects for esch pathway are shown in table 1.2 for a typical population.
Effects on animals, vegstation, or real estate are also possible
but may be controlled or alleviated to the extent that decontamination

is employed 67 that destruction of the affected items is employed.
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Table 1.2 Action and Health Effects
Versus Exposure Pathways
Rxposure Response Action Public
Pathway Time Available Health .
wZ2fects .
Adr - Particulats Min - BHr ? D
Gas Min - Br b ?,Z,D
Watar - Particulate
Rainout HEr - Da b 4 D
Fallout Min - A b 4 D
Immersion Day PER p,r,B
Pood - NMilk Da - Mo PER D
Drinking Water Hr - Mo PER D
Baverages Da -~ Mo PER D
Foodstufls Da -~ Mo PER D
Soil - hasuspension Da R -]
Direct Min - Da P&R £,0,7
Direct - Pacility Min PeR r,E,D
Alr Mn - Er P P.2.D D
Water . 4 PER D,r,8
kctions: P - Protective R - Restorative
Effects: T - Rapid Fatality E - Early D - Delayed




1.4 Response Plan Action Times
‘ A typical sequence of events for developing emergency plans and

responding to nuclear incidents is shown in figure 1.1. This figure
{llustrates the genaral order of events but not relsative lengths of

e . —

time for each event. These will vary according to individual circum-
stances.
l.4.1 Preparation of Plans
Considerable preparation will be required to ensure the adeguacy
of emargency response plans. This preparatory time iacludes the
following elements:

(1) The decision must be made £O pPrepare emsrgency response plans
according to the legislative mandates or needs within a
given States.

(2) Then basic plans should be developed using appropriate
guidance from this manual and the AEC "Guide and Checklist" (2).

()

These plans should include emergency response actions for
coping with nuclesr incidents and directioms on the use of
EPA Protective Action Guides for these situstions.
(3) These plans should be approved by responsible persoms or
agencies.
(4) Scemarios must be developed from the basic plans to cover
msjor contingencies vhich can be identified. .
Methods of implementation must be prepared and tested so that
. nonviable responses and contingency plans may be identified and dis-
x carded. This discarding of nonviable responses may be based im part

- 1.17
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on evaluation of local constraints. For example, evacuation of
prisoners or critically ill persons might not be considered viable
while alternative protective actions may be at least partially
effective.

Development of the basic emergency response plan may run a course
of several months or longer. However, plananing should be & contisuing
activity after the basic plans are developed. Advances in mateorology,
'dcvolop.cn: of new protective actions, changing demography, etc.,
should be used in reevalustion of the original scenarios. And of
course, recurrent testing of implementation methods should be curried

out.

1.4.2 Implementation of Plans

A sequance of steps to implement a respomse plan following a
nuclear incident is also shown in figure 1.1. The time after an in-
cident may be divided into three phases which are called emergency,
protection, and restoration. These phases are not necessarily distinct
consecutive time periods, but they do serve to indicate the genaral
nature of activities in a typical rasponse sequence.

The emergency phase includes all those activities leading to
dnitiation of protective actions. This phase involves assessment of
the situations and is characterized by urgency in determining the need
for protective action and getting the action initiated. In general,
this mey be considered to be the first few hours following notificatiom
of an incident and deals primarily with protection of the population




from exposure to the airborne plumas.

The most important step in emergency rasponse is the prompt
notification that an incident has occurred that could result in an -
offsite exposure such that there is a need for initiating protective -
action. It is the facility operator's responsibility to notify State -
or local authorities that such an incident has occurred. It is
important that agreements be reached during the plaunning phase on
who is to be notified, data to be provided, offsite measurements that
will be made, and actions to be initiated at the site so that there
will be a minimum time loss in starting implementation of protective
action in the offsite area. Proper planning must include incentives

to prevent delays in notification. Nuclear facility operators have

the initial responsibility for accident assessment. This includes -
proupt action necessary to evaluate public health and safety both J

onsite and offsite (2). Ildeally, this notification should occur as
soon as conditions in the facility are such that an impending accidental
release potential exists. While such notification could lead to false
alarms on rare occasions, they could alsc permit more timely protective
actions than postponing the« notificacion until a release has occurrcd.l
The sequence of events during the emsrgency phase includes the

notification of responsible authorities, evaluation and recommendations
for action, and warning of the public. In this early phase of response,
the time available for effective action will probably be quite limited.

lps part of their plams, the State should establish with the faciliry

operator a strict protocol for notification of the State such that early
responding of possible impending relesses would not involve disinceantives :
to the facility operator. e’
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Izmediately upon becoming aware that an incident has occurred
that say result in exposure of the offsite population, a preliminary
evaluation should be made by the facility operator to detsrmine
the nature and potential magnitude of the incident. This evaluation,
if possible, should determine potential exposure pathways, population
at risk, and projected doses. At this time, projected doses may be
estimated from monitoring data at the point of radionuclide release
or from releases anticipated for particular types of nuclear incidents.
The incident evaluation information should thern be presented to the
proper authorities. I1f authorities were notified sarlier and have
mobilized rescurces, protective actions can be started immediately in
predesignated areas or in the areas indicatad by projected dose based
on facility operator information. In the absence of detailed informa-
tion from the facility operator as indicated above, the emergency plans
should provide for action in the immediate downwind area of the facility
based on notification that a substantial release has occurred or that
plant conditions are such that a substantial ralease potential exists.

The next stap is to gather additional information on radiation
levels in the environment, mateorology, and environmental conditioms.
Further actions or modifications to actions already taken should be
based on thess data and Protective Action Guides considering coustraints
discussed in section 1.6 of this chapter.

The State should comtinua to seek information on radionmuclide
releases and environmental monitoring data. In fact, an evaluation of

1.2
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such information, as well as exposure pathways, population at risk,
dose projections, and PAGs should be a contimuing activity in

both ths emergency and protection phases in order to modify pro-
tective actions as needed.

The protection phase begins with the initiation of protective
action and continues until that action is terminated. Figure 1.1
indicates that ideally the protective action such as evacuation would
be implemented before any population exposurs. However, the action
uay oot be initiated in time to avoid all of the projected dose,
and soma dose may be received during implementation of the action.

The restoration phase includes those actions taken to restore
conditions to "normal"”. Restorative actions include the halting of
protective actions, the lifting of restrictions, and possible decon-
tamination procedures.

Types of Action

The action taken may be, as previously indicated, either protac-
tive or restorative. It may also be voluntary or involuntary, or no
action at all may be taken.

(1) Ko action would usually be taken by State authorities if
the risk of undesirable radiation effects is anticip;:cd to
be much less than the risk of taking actiom. »-

(2) Voluntary action may be suggested for the populstion at
risk, or it wmay be taken by them anyway on the basis of
public information provided during an accident situation.

Voluntary action may be valid in the gray area whers the

1.22
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risk of exposurs to released material and the risk of taking
' action are not too different. It may also be taken at
i ' lower levels of exposure by individuals to alleviate their
. faars. The negative aspects of possible confusion and
passible panic where incomplete knowledge exists must be
i considered during decisions to implement protective actions.
(3) Involuntary (mandatory) action by State authoritias should
be implemented when the risk of undesirable effects axceeds
the risk of taking action to such an extent that public
well-being can be adversely affected. This is when action
must be taken in the public interest.
The types of action which can be taken include:
(1) Protective actions, such as evacuation, taking shelter in
L. homes or civil defense shelters, controlling food and water
distribution, prophylaxis (e.g., thyroid protection), or
individual protective actions (e.g., gas masks, protective
¢lothing, etc.); and
-T2 ~ =W oy astorative action where everything is returned to "normal”.
This action includes lifting restrictions or halting
activities initiated as protective actioms. It also
includes decontamination where necessary.
] ’ The actions to be taken siruld be evaluated and set in priority or
sequance with tdentificatiou of ranges for appropriate action and of
dacision points during plamning. Based on prior judgment of vhich

e
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! sctions may be effective in any given situstion, scensrios can de ™
prepared vwhich will indicate which sctioms or mix of actions are ’

appropriate for varicus situatious.
1.6 Goals of Protective Acticn
The ideal goal of protactive action in an emsrgency is complete
protection of the endangeraed population. However, various constraints

sy prevent attaining this ideal, 0 a more realistic goal is wminimi-
sation of harmful effects.
In the casea of an emergency involving & radiological bazard,
‘ efforts are directsd towards minimizing:
' (1) early somatic effects such as death within days or develop~
1 meut of extensive sywptoms of radiation sickness;

! ‘ (2) delsyed somatic effects, such as increased probability
of death due to radistion related cancer; aad )
(3) genetic effects such as increased prenmatal mortality or
increased probability of “sreditary defects in future
genarations.
The minimization of effects implies that the radiation exposure under
consideration is an svoidable exposure. However, for purposes of
determining vhether to take a protective action on the basis of

projected dose from an airborne plume, the projected dose should not
include unsvoidable dose that has besn received prior to the time the

dose projection 1is dons. If a situation should occur where the unavoidable
}‘ dose would be very large as compared to the svoidable dose, differemt
protective actions might be warranted.
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6.1 Balamcing Fectors to Achieve Protection Goals

The ideal goal is maximum protection of the public with the
lesst cost and disruption. Within the need to protect the public
several comstraints, including physical, social, and fiscal, will
be operating.

The plamner should balance the cost of not taking actiom (risk
of radiation exposure) against the cost of taking actiom from both
f£iscal and societal aspects. In particular, the fiscal costs of
preparing for action, as well as the costs of all actions to be taken,
should be balanced against the need for response to protect the publiec.
Also, the sociatal costs such as panic and disruption of life style
should be balanced against the risk to society of not taking action.

This balancing of costs and risks will place constraints on the
options svailable for action. This balancing also implies that in
planning, certain cut-off points can be identified, e.g., & marginal
increase in protection probably msy not justify the required expendi-
tures or extensive disruption of families or daily activities.

These costs and constraints should be evaluated in planning by the
W:Lbh public officials in determining the responses to be made
in a given situation.

Even if the balance of costs indicates that a response or set
of actions is reasonable, other constraints may preclude their use.
These additional comstraints on sction are primarily physical in
pature (e.g., in the case of a puff releass, exposurs time msy be
too short to allov effective protective action).

R R e




1.6.2 Constrsints ou Goal Attainment \, C
The coustraints which opersts to prevent attaining the ideal ’
goal include thoss of envirommental, demographic, temporal, resource

availability, and exposura durationm. o )

Eaovironmental constraints will include meteorclogic and
geographic considerations. Protective action options may be restric- A
° ted by severs westhar conditions, windstorms, blizzards, tornadoes,
large sccumulations of snow, ete, Options are also restricted by
numbers, types and directions of roads, and cbstruction of easy
- egress from a site by rivers, mountains, or other geologic formatioms. g
Options are further constrained by the density and distribution
of population, the total size of the population involved, the age

and health status of segments of the population, &nd other demographic
considerations. '

Temporal constraints will be present during all phases of
protective action and soms situations during restorative action. Time
available for action may be a real comstraint for evacuation of
close-in populations, parcicularly in the case of short term (puff)

i | relesses. After an incident, exposures of the population closs to the
site may occur before control of tha situation is established. Even
after a decision for action has been made, notification of the populacion
and implementation of the action may require enough time such that sub-
stantial exposuras occur. The constraint of time in restorative action
will probably be mors related to reduction of costs rather than to
direct protaction of the population. Rapid decontamination to allow
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access to utilities, food stores, crops, etc., will reduce the total
cost dus to the accident.

Resources will be one of the largest constraints on viable
options for action. The best planning will fail if the resources
to implement actions are not available. Rssources needed are
£iscal, msnpower, and property, although fiscal will probably be
the limiting factor. Given sufficient fiscal investment, then
menpover, esquipment, and training, all will be available in adequate
quantitisas. However, since only limited amounts of fiscal support
may be available, the lack of equipsent and manpower with sufficient
training and practice in implementation of protective actions will
limit the mumber of viable options for protecting ihe public.

In general, as the population to be protacted incresses, less
protection is available for the same total cost (equal levals of
protection require greater fiscal investment in large populations
than in small populations). Likewise, as the level of preparedness
increases, the cost of obtaining and maintainirg this preparedness
increasas. The cost of protective action, however, will probably be
s step funcrion. Each decision to take an action or extend an actiom
will causa an incremental step incresse in the cost. All of these
constraints must be considered in planning operations so that the
optimum protection of the public can bea obtained with the least
expenditurs, both social and fiscal, commsnsurate with the goal of

protactive action.
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1.6.3 Ivalustios of Coostraigts )
Local officials involved in developing emergency response plans
mist be thoroughly informed on what protective actions are available

for limiting the radistion exposurs of the gemeral public during a

muclear incident.. These actions are a vital part of the emsigency

response plan and should be specified during the planning phase v
rather than at the time of the incident. There are, however, local

constraints associated with each protective action which will influence
the decision to implement a given protective action. The local plauner
- ey * mst also be familiar with and apply these constraints to any emergency
| situstion. Ideally, it should be possible to balance these constraints
in some analytical fashion vhich would place esch conmstraint in its
propar pcap;ctin on & common scale. Since many of the constraints
cannot be qn;;atifi.d. local planners must use rational, subjective . )
judgment in evaluating them. |
Tables 1.3 and 1.4 list protective actions that are available
for various types of rsactor incidents as a function of approximate
time periods following the incident, and the following discussion

attempts to evaluats constraints such as costs, tine, societal con-
siderations, etc., that relate to each protective action. This infor-
mation should be valuable to the local planner in making the value -
judgments that are necessary to plan actions during an emergency.
1.6.3.1 Comstraints om tion
While evacuation msy seem to be the protective action of choice
following a nuclesr incident at a fixed nuclear facility, constraints
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Table 1.3 Protective and Restorative Actions for Nuclear
Incidents Resulting in Airbornes Releases

frotoc::l.on Phase
- Rastora
Nuclear Incidemt Approximate Time of Initation M(‘c’i“
O=4 hr. 4=8 hr. > 8 hr.
Puff Relesse'® -Gaseous| 1,2,3,4,5 | 3,4,5 | 3,4,5.6,] 9,10,11
or Gaseous and 7,8
Particulate
Contimuous Reisase ®- | 1,2.3,4,5 |1,2,3,4,5 | 1,2,3,4, ] 9.10,12
Gaseous or Gaseous 5,6,7,8
and Particulate

(V] " W N =

0w o 9 O

10

Shelter
Access control

Respiratory protection for
emargincy worksrs

Thyroid protection for emergency
workars

Pasture comtrol

Milk comtrol

Tood and water comtrol
Lift protection coatrols
Reentry

Decontamination

1.29

(@) Puff relesse -~ lass than
2 bours

“)Conumulm:-
2 hours OT WOTS

(c)lutou:m pbase may begin

at any time as appropriate
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' impact, thus maximizing the effectiveness of the evacuation.

associated with a specific site could render tha evacuation ineffective
or undesirable. Other optiunal protective actiornis such as taking
shelter should be considered. The planner must take into considerationm
all local constraints to determine whether or not evacuation is a
viable protective action for the given situation. Examples of the
effects of constraints could be provided on a general basis. However,
it remains the rtesponsibility of the planner to determine the most
reasonable protective actions for each site.

A. Effactiveness of Evacuation

The effectiveness of evacuation in liniting radiation dose is
a function of the time required to evacuate. If a radicactive cloud
is present, the dose will iAncresse with the time of expbsure; if the
evacuation is completad before the cloud arrives, then evacuation
is obviously 100 percent effective. Anything that delays an evacuation
is therefors a constraint, and such constraints are likely to be very
such a function of local site conditions and plamning. Ths plammnar
should be aware of these constraints in order to minimigze thaeir

The evacuation time, T(EV), at s particular site is defined as
the time from ths start of the nuclear incident to the time when evacuses
have clesred the affected areas. It msy be &xpressed as:

T T+ Ty T4 T

where:

‘!.n e time delay after occurrence of the incident associated with

1.1
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notificacion of responsible officials, interpretation of data, and
the decision to evacuate as & protective action.

'ru = time required by officials to notify people to evacuate.

tH = time required for people to mobilize and get underway.

'r.r = travel time required to leave the affected areas.

'tn includes several separate time elements as defined above,
and all of them can be reduced by effective planning. .Nal:l.nnl values
for ‘l'n may range from 0.5 hours up to 1.5 hours and possibly longer
depending on the adequacy of planning and whether the docis:lm.: is to
be based on onsite informatiom or ;fisiu environmental measurements.

The least well defined time constraint is T, which is strongly
influenced by local population, geographic conditions, and plaaoning.
tll has been postulated to be inversely proportional to population
density; the closer people are together, the quicker it is to notify
them to evacuate. For fast developing incidents, news media warnings
must be augmented by telephone, pulic address, and door knocking, the
effectiveness of which is a function of local planning and resources.
There are nev innovations such as computar telephoning, planes with
loud speskars, etc., vhich the local planner may find worthwhile
to explors. The value of 'ru under the best conditions of local plamning
is estimated to range from 15 minutes to 1 hour or morxa.

:ll' the time required for people to prupare to leave, dcpends on

such paramsters as:
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3
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1s the family together?

Rural or urban commmity? Some farms or industries require
more shutdown time than others.

Special evacuations - special planning effort is required
to evacuste schools, hospitals, nursing homes, penal
inscitutions, and the like.

There will be some people who will refuse to evacuate.

The best time for 'IH for an urban family together might be 0.2 to

0.5 hours, wvhile to shut down a farm or factory might take hours.

{ The
E W
[ e
— 3
N )

(5

The

B

can keep

evacuation travel time, T., is related to:

e
Total number of people to be evacuated.

The capacity of a lane of traffic.

The number of lanus of highway available.

Distance of travel.

Roadway obstructions such as uncontrolled merging of traffic

or accidents.

total number of people to be evacusted depends on the popula-

tion density and sffected area. It is an advantage if good planning

the area and thus the number of people to as small & value

as possible, or possibly to evacuate one area at a time so that the

number of people on the move at one time is within the capacity of the

toads.
The

capacity of a lane of traffic depends on the number of vehicles

per hour and the capacity of each. Surveys during evacuations found

1.33
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4 persons/car on the average indicating that at 2,500 cars/hr at -

35 mph, the capacity of s lane is 10,000 persons/hr. Commuter traffic,

however, contains about 1.2 parsons/car, lowering the capacity to .-
about 3,000 persons/hr-lans. Use of buses exclusively, if this is -
o practical, increases the lane capacity by a factor of about 10 such - J
that 100,000 persons/hr-lane could be moved. However, if buses are
used, the incresse in time caused by getting the buses to the evacua- i
b tion area and by return trips must be considered. If the average
L _ speed of traffic: is lu-l_thl:&')qug‘h,‘_apac_ifu{m;}g _él.i.mnr.d in
proportion.

The number of lanes of traffic is ordinarily sufficient for evacu-

L4

P ation from the low population zone around fixed nuclear facilities.

Lanes may be increased by using lanes that ordinarily carry traffic ,
into the area. All these lanes cammot be used, however, since some, )
at the option of the planner, must be held open for emergency vehicles

coming into the area.

Traffic control will be effective in reducing the evacuation

travel time. If lanes ordinarily inbound are used for outbound traffic,
traffic officers will be required to direct vehicles to them; otherwise
thay will not ‘be used. Traffic barriers, signs, traffic light over- .
rides, disabled vehicle removals, etc., will be required to keep
traffic speeds high. Traffic control at bottlenecks will be of par-
ticular importance. Allowing single lanes to run altarnately rather
than having cars dovetail through an intersection will significantly
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incraase traffic flow. Access controls to keep unsuthorized vehicles

and persons out of the evacuated areas will be needed also.

Examination of specific sectors around four different light-

water power reactors indicates that '1'.r may range from 0.2 to as much

i ': ) as 1.5 hours under exceptional conditions where the rocad system is

inadequate compared to the population to be evacuated. An average
traffic speed of 35 mph was assumed if road capacity was great enmough
to preclude traffic jams.
Table 1.5 summarizes the various time segments that act as
constraints on evacuation. These values are rough estimates that
' should be improved upon by the local planner for each site. An
example of a one~hour evacuation might be the evacuation late in the
—_ evening of a rural area including a small town (250 persons). In
~ such a case the population is small, concentrated, and at that time
the families would be united. An example of an evacuation in the
longer time range might be evacuation during the daytime of a rural, low
population zone containing farms. Warning would be time consuming,
and the preparation for farm shutdown might be lengthy. The road
systen is adequate, but families may be separated during the day,
requiring longer evacuation travel distances. Emergency plans for
areas located near State boundaries would require interstate cooperation -

and planning. High population, high density areas such as those around
Indian Point present a different situstion, and evacuation timas are
more complex, probably lomger, and must be analysed on a case by casa
basis. In these areas, notification time may be short but access

1.35
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Table 1.5 Approximate Range of Time Ssznfl
; Making Up the Evacuation Time'®

~

Approximate
Time Segment Range .
Hours

0.5 - 1.5
0.2 - 1.0%®
0.2 - 2.0®

0.2 = 1.5(®
1-1 - 600

L S N

(‘)nw: population, high density areas such as D

those around Indian Point, present a differemt
situation, and evacuation.times are more complex,
probably longer, and must be analyzed on s case ;4
by case basis. ;

(b)lhd.-n time may occur vhen offsits radiation
measurenants and dose projections are required
bafore protective action is taken.

(C)lhzinn time msgy occur when population deasity is
low and evacuation area is large.

(&) Maximm tims may occur vhen families are separated,

a large number of farms or industries must be shut down,
and special evacuations are requiraed.

(')Mm time may occur when road system is inadequate
for the large population to be evacuated and thare are
bottlenecks. '
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limitad. Appendix B provides techniquas for evaluating the various
time periods involved in evacuation.

B. Risk of Desth or Injury

If evacuation were likely to greatly increase an individual's
risk of death or injury, this would act as a significant constraint
on the use of evacuation as a protective action for a puclear incident.
Fortunately, examination of numerous evacuations indicate that risk
of death or injury is not likely to be incressed vhen evacuation is made
by motor vehicle (3). Premature childbirth is routinely encountered
in emsrgencies and subsequent evacuations, and in at lesst one State
emsrgency plan, prior arrsngemsnts are made for this prodlea.

C. Evacustion Costs

Por evacuations caused by storms or floods, cost is not usually

a constraint because hazard to life and limb is obvious and because
the evacustion cost is judged to be small compared to the damsge
caused by the disaster. However, in the svent of a nuclear incident
where thers may bs the stromg inclination to evacuate even though the
radiation dose to be saved is vanishingly small, the economic cost of
the evacuation may act as a constraint. Therefors, the planner msy
wish to estimate this cost for various kinds of evacuation.

Evacuation costs may be broken into four categories:

(1) costs involving evacuess,

(2) costs involving evacuators,

(3) finsncial losses of farm areas, and

(4) f£4inancial losses of urban and industrial areas.

1.37




’

Limited information on estimated costs is givem in reference (3).
Yor a specific sits, the variocus costs probably can be ascertained
wvith more accuracy. Parameters that would affect the costs of an
evacuation around a specific site are listed in table 1.6, Considera-
tion of these paramstars and how they affect cost should allow the
planner to calculats the spproximate monstary cost of an evacuation
and thus estimate and evaluate this constraint.

1.6.3.2 Sesking Shelter

The local constraints on sesking shelter as a protective sction,
such as time to take action, cost of taking the action, and socistal
considerations, intuitively tend to support taking such action since
the cost in each case is relatively small. However,-if one compares
the effect of sesking shelter with some other action such as evacustion
on the basis of dose savings, it may be coucluded that evacuation will
save & far graater dose than seeking shelter. Generally, shelter
provided by dwellings with windows and doors closed and ventilation
turned off would provide good protection from inhalation of gases and
vapors for a short period (i.e., one hour or less) but would be genarally
ineffective after about two hours dus to natural ventilation of the
shelter.

Not every constraint can be evalusted using established techmniques;
therefore, & certain smount of lnbjcczivo Judgment must be made on the
part of the local plauner. The important thing is that the local
planner be awars of the comstraints associsted with each action and
that these constraints be balanced on vhatever basis possible in order




Table 1.6 Paramesters Affecting the Cost of Evacuation

Size of sres affected
Location

. Distribution
Institutions

Type
Populstion in

i
;
4
1
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to arrive at a decision. \) ]
1.6.3.3 Access Control

Access control can be a very effective protective actiom to
avoid exposure of personnel who might otherwise enter high exposure -
areas umnecessarily. Whether or not it can be applied effectively
at all sites will depend upon several considerations which are site -
; specific. For example, the time required to establish the necessary
roadblocks may be longer than the exposure time. The =0st of main-
taining the cupability for roadblocks and control of access points
may be pronibitive. Purthermors, parsonnel that would be used in
maintaining roadblocks might be more effectively used for other
ensrgency functioms. All of these factors must be considered in
deciding vhether to plan for full or partial access control during
the early phases of an incident. )
1.6.3.4 Respiratory Protection -
Radiation exposure from inhalation of gasecus or particulate

radionuclides may be reduced by the use of respirators. These devices
protect the wearar by removing radisdiodines (the primary gasecus nuclide

of concern) on activiated charcoal and by removing purticulate msterial
by filtration. Several types of respirators are commarcially swilable
for usa by adult male workers in coutaminated atmosphares. However,

respirators designed for women and children, {.e., the most radiation
sensitive part of the population, may not be readily available. The
first constraint on the use of respirators, tharafore, is whather
suitable devices are available. Secondly, for respirators to be
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effective for the general population, they should be kept on hand by

!
i
]
1
|
3
i
|
. sach person for immediate use upon notification and they must have been
individually fitted. This means they should be distributed to the

population at risk prior to a nuclear incident, and training should be

provided for their use. The logistics of distributing such devices
after an incident would greatly reduce their effectiveness by limiting
their time of use. The cost of providing respirators for the emtire
population at risk is also a constraint, especially for large popula-
tions. Additional constraints include upsetting the population by ‘
acknovwledging the danger with visible means and the failure of w
individuals to have their respirators personally available over long

periods (years). Even if funding is available to provide the necessary
SN respirators, it should be noted that use of such devices can only be

~ a short term action of 2 to 3 hours. Therafore, they might best be
! used in conjunction with other protective actions such as seeking
shelter or evacuation. It should also be kept ia mind that respirators
would not be of value where the exposure of concern was from direct
radistion and not from inhalation of iodinas or particulate material.
Respiratois may be most effactive for emergency workers or other

! . persons requirad to remain in evacustion zones.
1.6.3.5 Prophylaxis (Thyroid Protection)
The uptake of inhaled or ingested radioiodine by the thyroid
- sland may be reduced by the ingestion of stable iodine. The oral
! administration of about 100 milligrams of potassium iodide will result

1.4
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1.6.3.6

Milk Control

in sufficient accusulation of stable iodine in the thyroid to preveat
significant uptake of radioiodine. The main constraint in the use
of this means of thyroid protection is that potassium iodide is _
normally administered only by prescription and would have to be dis-
tributed in accordance with State health laws. Potassium iodide as
& prophylaxis is only effective if the exposurs of concern is from
radioiodine and only if the stable iodine is administered befors or
shortly after the start of intake of radioiodine. All emergency
workers for areas possibly involving radioiodine contamination should
receive this kind of thyroid protaction, especially if appropirate
respirators are not available. The cost constraint would not be
significant for potassium iodide itself, but the cost for administering
this material should be considered, including the cost of testing ) :
eaergency workars for sensitivity to iodine prior to issue or use.

The use of stable fodine a8 a protective action for emergency
workers has been recommended by EPA, but only in accordance with State
health laws and under the direction of State medical officials as indica-
ted above. However, the efficacy of adninistering stable iodine as a

protective action for the general population is still under consideration |
by government agencies and should not be construed to be the policy of
EPA at this tine.

In order to protect the population from exposurs to ingestion of
contaninated milk, the planner has two basic alternmative actions, which
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(2)

Cowe=feed or pasture control to prevent the ingestion of
radicactive materials by dairy cattle, or

Milk control either by diverting the milk to other uses
that allov the radiocactivity to decay before ingestion or
by destroying the milk and substituting uncontaminated milk

. from other areas.

The optimm action would be to prevent, through pasture and feed

control, contamination of the milk. This would be followad up by

ailk control only in contaminated areas where pasture and feed control

were not carried out or were not adequate. Local comstraints may reduce

ibc acceptability or effectiveness of thess two protective actions.

The alternatives to taking these actions include:

¢))

(2)

(3

Permitting the population to receive higher dosage.

(Thyroid cancer is gensrally not fatal.)

Suggest voluntary avoidance of the use of contaminated milk
by children and pregnant women. (Children are more sensitive
than adults because of greater intake of milk and greater
concentration within the thyroid.)

Adminigter stable iodine as discussed earlier under thyroid

protection (sectiom 1.6.3.5).

The local constraints on the control of dairy cow fead or pasturs

may include the following:

(1)

A shortage of uncontaminated feed.
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(2)

3

(&)

A shortage of perscaonel to carry out feed and pasture controls

in evacuated arasas.

The short time available to implement feed and pasture con-
trols over a large ares (possibly hundreds of square miles)
may create communication problems and uncertainties as to
the areas where pasture and feed control should be implemen-
ted. .

The cost of the stored feed and the cost of transporting it
to needed areas might be prohibitive.

Local constraints on the control of milk may include:

(1
(2)
(3

(4)
(5)

(6)
N

The shortage of nearby processing plants.

Inadequats storage capacity to wait for radioactive decay.
Objections to shipment of contaminated milk to other juris-
dictions for processing.

Pollution from disposal of large volumes of milk.

Shortage of mounitoring personnel and equipment for all milk
producers.

Shortage of milk for critical users.

Costs associated with transporting, storage, or disposal of
uilk.

The dose to the thyroid of a child from drinking milk contaminated
with radiociodine through the atmosphere-pasture-cow-milk exposure path-
way may be hundreds of times the thyroid dose that would be received
by the same child from breathing the air that caused the contamination
of the pasture. Therefore, the size of the ares over which milk might

1.“
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have to bs controlled could be such larger than the size of the area
that would be evacuated to prevent inhalation of the iodinas.

To avoid the problems and constraints assoicated with milk
storage, transport, or disposal, the planner should prepare for pasture
or feed control in all directions from the plant out to five times the
distance planned for evacuation and in predominantiy downwind directions
out to about 50 to 100 miles. Controls over greater distances could
be needed if the wind persisted in a single direction for an extended
period. I1f pasture and feed control actions have been implemented (even
if only partially implemented), noncontaminated milk supplies may be
available at least for critical users.

All milk producers in the affected area should be restricted from
using or distributing milk until monitored. If monitoring of all milk
supplies is a constraint, monitoring efforts could be concentrated on
milk supplies where pasture and feed control had been implemented and
on the fringes of the contaminated area.

The planner can reduce the effect of constraints related to uncon-
taminated feed suppliss and processing plants by identifying their
locations and procedure for access.

Resistance by milk producers to protective actions for milk msy
be reduced by the planner having answars to questions regarding reim-

bursements of costs incurred by the producer.
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1.6.3.7 Pood Control

Food exposed to airborne radicactive materials may becoms
contaminated by deposition of radioiodine and particulate material.
To svoid population exposure from ingestion of these materials, the
response planner should consider the following protective actions for
short term protection.

(1) Prohibition on use of potentially contaminated food such

as field and orchard crops and substitution from uncontamina-
ted supplies.

(2) Decontamination.

The primary constraint on the use of these controls will be the
availability of adequate substitute supplies at a reasonable cost.
1f other supplies are not available or the cost is high, then it may
be necessary to implement decontamination procedures. For protection
beyond a few daﬁ where availability and cost constraints would be
more critical. then decontamination may be even more cost effective.
The primary sesns of decontamination would be through washing and
peeling (vhere appropriate) of fresh fruits and vegetables. ‘nu con-
straints on such procedures would be the ability to momitor the decon-
taminated {tems to assure adequate decontamination. Monitoring of
food will likely be a much demanded service both by the individual
farmer-consumer and by the distributor. .

Other alternative countrols would be to impound food stocks and
store them to allow decay of radiation levels or destroy them to prevent

consumption. The main constraint on thess alternatives would be spoilage
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and the value of the food stocks in relation to the costs of storage
or destruction.
1.6.3.8 Water Control

Water may be contaminated either by direct release of radio-
nuclides to surface warers or by deposition from an atmospheric
release. Water reservoirs supplied by land surface run-off or
cisterns supplied by roof run-off would be most severely affected
by atmospheric deposition, whereas reservoirs supplied from streams
and lakes would be most affected by contaminated liquid effluents.
Spring and well water should not be affected by an accidental release
of radiocactive material to the atmosphere or to waterways. However,

springs or wells that appear muddy after a rain might be suspect and

should be monitored after a rain if they are in the area receiving
N heavy deposition. Some accident scenarios involve fuel melting its
way into the soil, and such a condition could contaminate umderground
wvater supplies.
The protective actions for water can be either to prevent contamina-
tion or decontamination of the water supply or to condemn the use of
the water for consumption.

In the case of reservoirs supplied from surface or roof run-off,

prevention of reservoir comtamination would not be possible umless
methods existed for diverting the run-off. Reservoirs receiving their
supply from a stream or hke normally are £illed through pumping and
filtration stations vhich are controlled by .opm:orl. These stations

could be shut off if the source of the water supply became contaminated.
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This may also be crue for food processors using a stream or lake
directly for their water supply. Many reservoirs supply water to
mmicipal systems through a filtration plant. Such a plant would
tend to decontaminate the water supply, and monitoring of water after
£iltration would provide data that should be taken into consideration
in the process of deciding whether or not to condemn the supply.

The constraints associated with restrictions on supplies to
reservoirs or condemmation of water systems are related to the
difficulties, hardships, and costs associated with the resulting
shortage of water supplies. If the planner determines that these
protective actions may be appropriate for particular water systems,
he should also identify the hardships that may result and plsan methods
for alternative supplies. These may include rationing of uncontaminated
supplies, substitution of other beverages, importing water from other
uncontaminated areas, and the designation of certain critical users
that could be allowed to use contaminated supplies. These might be

fire-water systems and process cooling systems.

Restorative Actions

A. Lifting Protection Controls
The lifting of controls for protective actions may be justified

on the basis of cost savings when the corresponding health risks have
been adequately reduced. For example, the costs to the public and
the State in maintaining access control, pasture comtrol, milk comtrol,

or food and water control will exceed the risk reduction value of
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these controls after some period, and s the controls should be
lifted. The costs for maintaining these controls will be relatively
constant with respect to time while their significance in reducing
risk will decrsase as the source of radionuclides is halted and

b e b e ——

; the released nuclides disperse or decay avay. Therefore, it msy be
desirable to lift controls even though some additional dose may be
accrued.

B. Reentry

After evacuation, persons will be allowed to reenter the zone

) when the potential radiation risk has been averted or reduced to

guide levels for members of the general population. However, it say
be necessary for certain essential personnel to return even before
the dose 1is reduced to these guide levels. In addition, reemtry
may be allowad earlier for less radiosensitive persons such as adult
males who may need to return to their homes or jobs. The criteria
for reentry will require a balancing of remaining radiation risk
such as from ground contamination and the cost of disrupted services,

s losgpiocome, etc, Temyggns iZgm the evacuation. Time is mwot a

constraint on reentry except as a factor in the cost of remaining out
of the evacuated ares.

C. Decontaminstion

The movement of radionuclides along several pathways involving
ailk, food, and water may result in prolonged contamination. Each of
these alements may require processing to remove radicactive contaminants
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prior to consumption. In each case, the radionuclide concentrations . ‘

would be reduced to levels "as low as practicable” commensurate with

treataent costs.
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CHAPTER 2

Protective Action Guides for Exposure
to Airborne Radioactive Materials
2.0 Introduction
Following an incident involving a release of radicactive
material to the atmosphere, there may be a need for rapid action
to protect the public from radiation exposure from inhalatiom
and/or from whole body external radiation. This chapter provides
Protective Action Guides (PAGs) for whole body external gamma
radiation and for inhalation of radioactive material in an air-
borne plume. A person vho is exposed to the plume of airborme
zadiocactive materials may also be exposed at a later date from
_- contaminated food, watsr, or other pathways. However, the PAGs
~ in this chapter refer only to the exposure received directly
from the airborne plume. The emergency response situation addressed
in this chapter is the period from initiation of an stmospheric
Telease until perhaps two to four days after the event occurs.
During this period, the principal effort would be directed toward
protection of the public from direct exposure to the plume or from
_inhnltuon of radiocactive material in the plumas.
' It 4s important to recognize that the PAGs are defined in
teras of projected dose. Projected dose is the dose that would be
recaived by the population if no protective action were taken. Por
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2.1

these PAGs, the projected dose does not include dose that may have
been received prior to the time of estimating the projected dosa.
For protective actions to be most effective, they must be instituted
before exposure to the plume begins. PAGs should be considersd
mandatory values for purposes of planning, but under accident con-
ditions, the valuas a.:c guidance subject to unanticipated conditions
and ct;nstuinu such that considerable judgment may be required for
their application.

Whole Body External Exposure

A radioactive plume will consist of gaseous and/or particulate
material. Either of these can result in whole body external expo-
sure. Measurements or calculations of environmental levels of
radioactivity are usually in terms of exposure. To translate froam
whole body gamma exposurs to whole body dose requires a correction
factor of approximately 0.67. However, due to the many uncertain-
ties in projecting dose from axposure to a plume, it is generally
conservatively assumed that gamma exposure and whole body ganma
dose are equivalent. '

Recommended PAGs for emergency response in the case of whole
body external exposurs to radionuclides in the atmosphers are
summarized in table 2.1. These guidelines rapresent numerical
values as to when, under the conditions most likely to occur,
intervention is indicated to avoid radiation exposure that would
otherwise result from the incident. When ranges are shown, tha

2.2




—y

i ' Table 2.1 Protective Action Guides for Whole Body
‘ Exposure to :Airborne Radioactive Materials

Projected Whole Body

§ Population at Risk Gamma Dose (Rem)
General population 1o 5@
! ' Emergency workers 25
Lifesaving activities 75

(2)When ranges are shown, the lowest valus should be used if
thers are no major local constraints in providing protaction at
that level, especially to sensitive populations. Local con~
straints may make lower values impractical to use, but in no
case should the higher value be exceeded in determining the need
for pretective action.

()
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lowest value should be used if there are no major local constraints
in providing protection at that level, especially to sensitive popu~
lations. Local constraints may make lower valuss impractical to uss,
but in no case should the higher value be exceeded in determining the
need for protective action. The rationsle and technical bases for the
mmarical guides and their ranges are described in greater detail in
Refersnce (4) and ars summarized in Appendix C. It is recommended
that snyone responsible for applying thess guides in 2 nuclesr emergsncy
become familiar with the ratiooale on which the guidance was based.

2.2 Inhahtioﬁ Doge

-, = Seriavgiuecus ‘portion of a radicactive plume may cousist of
noble gases and/or vapors such as radioiodines. The noble gasas
will pot cause as much dose from inhalation as from whole body
external exposure and therefore need not be concidered as a
ssparate contributor to inhalation exposure. The principal
inhalation dose will be from the iodines and particulate material
in the plume.

2.2.1 e_to in a Plume
Due to the ability of the thyroid to concentrate iodines,

the thyroid dose dus to inhaling radioiodines may be hundreds
of times greater than the corrasponding whole body extarnal
gamma dose that would be received. The PAGs for thyroid dose
due to inhalation from a passing plums are shown in table 2.2.
The technical support for their development is provided in
referance (4) and is summarized in Appendix C.

2.4
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Table 2.2 Protective Action Guides for Thryoid Dose
Dus to Inhalation from a Passing Plume

Projected Thyroid Dose

Population at Risk rem
-
General population 5-25(8)
Esergency workers 125
Lifesaving activities (b)

(0)ghen ranges are shown, the lowest value should be used if
there are no major local comstraints in providing protection at
that level, especially to sensitive populations. Local con-
straints may make lower values impractical to use. but in wo
case sgOULd TOS Nigne: Valius De EXCesded in u@TATEINING Lus nead
for protective actico.

(b)llo specific upper .limit is given for thyroid exposurs
sinca in tha extreme case complete thyroid loss might be an
accepwable penalty for o life saved. However, this should
pot be pecessary ii respizators and/or thyroid protsction for
Tascus persomnel are available as the result of adequate
planning. :
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2.2.2 Rxposure to Particulate Material in a Plyme
This section is being developed.

2.3 Interpretation of PAGe

The guides for the general population listed in tables
2.1 and 2.2 were arrived at in consideration of protection of
the public from early effects of radiation and maintaining the
delsyed blological effects at a low probability. Consideraticn
has been made of the highar sensitivity of children and pregnant
wonen and the need to protect all members of the public. Con-
sideration has also been made that personnel msy continue to
be exposed via some pathways after the plume passes, and that
additional PAGs may have to be applied to these exposure pathways.

Whers a range of values is presented, the lower guide is a
suggestad level at which the responsible officials should consider
initisting protective action particularly for the more sensitive
populations indicated above. The higher guide ia a sandatory
level at which the respective governmental agency should plan to
taks effective action to protect the genaral public unless the
action would have greater risk than the projected doss.

At projected doses below thas lower guide, responsible
officials may suggest voluntary actiocn available to the public
at risk. This should be dons with the philosophy that popula-
tion doses be kapt as low as possible as loug as the effects of

2.6
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action are not mors hasardous than the projected dose. The
concept of voluntary action and the types of action that may be
considered were discussed in Chapter 1.

The nesd for selected populations, such as emergency respouse
tesn menbers and persons involved in lifessving activitias, to be
Mushamnsthnmgomdwbuchulmutix
policies wharein these categories of individuals normally accept
greater risk. Public safety and nuclear plant personnel -1.1.1 be
essential to provide services for the public even though they may
receive a grester radiation exposure.

In the event greater exposures to selected populations are
tequirad to save lives, these should be taken. However, if the
zadiation injury in these lifesaving activities is excessive,
ths harm may exceed the good, so some restrictions must be mads.

Because of the variations in sensitivity of the population
to radiation effects and in local conditions (weatber, etc.), a
range of valuas is recommended for the general population. Where
selective protective actions (i.e. evacustion) for the general
population is possible, children and women of childbearing age
should ba protected at the lower levals of the rangs. A further
intsrpretation of the range is that plans should be made to consider
organized protective action at the lowar end of the range whersas it
is mandatory that plans be made to implement protective sction at the
upper end. However, if 0o constraints existed, the lower rangs should




-~

always be used. Since comstraints exist on a local basis under
different conditions, the range allows adjustment by local .
officials during the planning stage for special local problems
as discussed in Chspter 1.
The valuss given for emergency workers recognize the need ' -
for some civil functions to continue in the event of an evacu-
ation of the general population. The risks are considered to be
warranted when necessary on the basis of the individual axposure
and the benefits derived. In such csses, precautions should be
taken to minimize exposures to emergency workers.
PAGs for lifesaving missions are given for those persons
whose normal duties might involve such missions, i.e., police,
firemen, radiation worksrs, etc. These guides would normally D
be limited to healthy males. No specific upper limits are
given for thyroid exposurs since in the extreme case, complete
thyroid loes might be an acceptable penalty for a life saved.
However, this should not be necessary if appropriate procective :

measures for rescue personnel are available as the result of
adeguats planning. For example, respiratory protection and/or
stabls iodine for blocking thyroid uptake of radiociodine should

be svailable to the axtent possible for personnel involved in
lifessving missions and other emergency actions. The issuance

of stable iodine must be in accordance with stats madical procedures.
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CHAPTER 3
Protective Action Guides for Exposure from Foodstuffs or Water

3.1 Whols Body Extarnal Exposure
3.2 1Ingestion

l : 3.2.1 Mk

3.2.2 Food

3.2.3 Vater

(Guidance to be Devaloped)
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CHAPTER 4

Protective Action Guidas
for Exposure from Material Deposited on Property or Equipment

4.1 Reentry and Raleass P
4.2 Decontamination !
4.3 Land Use

(Guidance to be Developed)

4.1
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CHAPIER 5
Application of Protective Action Guides
for Exposurs to Airborne Radicactive Materials
from an Accident at a Nuclear Power Facility
5.0 Introduction

This chapter deals with methods for estimating population dose
from plume exposure based on release rates and meteorclogical
oconditions or based on offsite radiological measurements. It also
provides guidanoce for comparison of projected dose with PAGs for
decisions on protective actions. These dose projection methods are
recommended for use by State and local officilals for development of
operational plans for responding to incidents at nuclesr power
facilities.

Following & radiological incident involving an atmospheric
releass that may require protection of the public, State authorities
ill need information to make decisicns on what protective actiems
to implement and where they should be implemented. The information
needad includes (1) Protective Action Guides adjusted for local
situations and (2) projected doses in specific areas for comparison
to u:; Guides. Protective Action Guides were provided in
Chapter 2. Projected doses must be determined oo the basis of data
svallable following the incident. These data may come from
(1) plant conditions, (2) relemse rates and metecorologioal
oconditions, or (2} offsits redioclogioal measurements, or

combinations thereof.
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The methods presented in this Chapter for relating data at the
time of the incident to projected dose are recommended for use in
development of operatiomal response plans for atmcspheric releases
at muclear power facilities.

Planners are encouraged to improve on the methods where
possible and to alter them as necesasary to respond to special
circumstances. State planners should specifically consider the use
of any improved dose projection methods developed by the nuclear
facility operator.

5.1 Release Assumptions

The guidance in this Chapter is directly related to releases %o
the atmcaphere that have been postulated fa nuclear power
fagilities. WASE-1400 (1) indicates that should there be an
accident at a nuclear power station, there is an extremely wide
spestrum of different kinds of posaible releases to the ataosphere
and different time frames for releases dcpcnding on the severity and
the exact sequence of the failure modes.

1 nuclear power reactor may suffer a loss of coolant but
without a meltdown of the reactor core. For this class of accident,
thes releass to ths ataosphere should be mostly radicsctive noble
gases and iodines. Aoccidents of ;mmaiuly larger environmental
impact would ococur in association with a meltdown of the reactor
ocore and eventual loss of containment integrity. This class of

Revised 6/79
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accident could release quantities of radioactive particulate
material as well as the radicactive noble gases and iodines.
However, for planning purposes, it is recommended that radioiodines
be assuned to represent the principal coatributor to inhalation
dose, and for sicuations where whole body dose from the plume would
be the controlling exposure pathway, it should be assumed that noble
gnses would be the principal ocoatributors.

Guidance on time frames for releases cannot be very specific
because of the wide range of time frames that could be associated
with the potential spectrum of accidents that oould occur.
Therefare, it will be necessary for planners to midcr the
poasible diff'erent time periods detween the initiating event and
arrival of the plume and possidle time periods of releases in
relationship to tims needed to implement protective acticns. The
Reactor Safety Study indicates, for example, that major releases may
begin in the range of one=half hour to as much as 30 hours after an
initiating event and that the durstion of the relesses may range
from one-lalf hour to several days with the major portion of the
release ocourring within the first day. In addition, significant
plums travel times are associated with the most adverse
ssteorological oconditions that might result in large poteatial
exposures far from the sits. For example, under poor dispersion
conditions associsted with low windspeeds, two hours or more might
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be required for the plume to travel a distanos of five miles.
Higher windspeeds would result in shorter travel times but would
provide more dispersion, making high exposures at leng distances
much less likely. Additiomal information on time frames for
releases may be found in Reference (7).
5.1.1 Radiocactive Noble Gas and Radioiodine Releases

For an ataocspheric release at a nuclear power facility that
involved only noble gases and radicicdines, it would usually bde
conservative to assums that 100 percent of the equilibrium noble gas
inventory and 25 percent of the equilibrium radioiodine inventory'
would be aweilable for releass from containment. In the absence of
more accurats information from the facility operator regarding the
release ocomposition, it should be assumed that this composition is
relensed to the envircnment. The relative abundance of radioiodines )
and noble gases in an actual relesse {rom containment would be a
function of the effectiveness of enginsered safeguards (e.g.,
filters, 3pray systess, and scrubbing systems) in removing each

component.

Tthis assumption is in agreement with NRC guidance (2,5,6) o
sasumptions that may be used in evaluating the radiologi
consequences of a loss of coolmmt accident at a light water cooled
nuclear power facility.
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Table 3.1 of Appencdix D summarizes the total quantities of
radiologically significant gaseous radionuclides that would be in
inventory under equilibrium conditiocns for a 1000 Mie plant.
Caloulations of the projected population dose based on & relesss
mixture consisting of 100% of the noble ‘gases and 25% of the
radioiodines indioate that the thyroid dose from inhalatiom of
radioliocdine rangss up to 400 times greater than the whole dody gamma
dose from noble gases and radiociodines. However, if the engineered
safeguards function as designed, they should reduce the iodine
conosntration such that the whole body gamma rediation exposure froa
noble gases would be the controlling pathway.

5.1.2 Radioactive Particulate Material Releases

Exospt for the most severe and improbable accidents postulated
by WASE-1400, protective actions (prophylaxis iodine excepted)
chosen on the basis of aasuming the iodine exposure pathway is
eritioal (figure 5.2) should be sufficient to provide protection
from radiocactive particulate material. This particulats material
will deliver an additional dose to the lung and to the whole body
from material located in the lung. However, it is not anticipated
that lung exposure would represent the controlling exposure pathmay
for acocidents at nuclear power fasilities.

5.2 Sequence of Events .

Following sn incident at a nuclear power facility involving a
release to the atmosphere, the most urgent protective astions in
tarms of response time will be those needed to protect the
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population from inhalation of radicactive materials in the plume and
from direst whole body exposure to gamma radiation from the plume.

The time of exposure to the plume can be divided into two periocds;

(1) the period immediatsly following the incident when little or no
environmental data are available to confirm the seriousness of
population exposures, and {2) a period vhen envircomental levels
. and/or concentrations are known. During the first period, speed for
completing such actions as evacuation, seeking shelter, and acoess
control may be oritical to minimize exposure in areas vhere PAGs are
: ] postulated to be exceeded. Furthermore, envircnmental measurements
made during this period may have little meaning becauss of
uncertainty concerning plume locaticn when measurements were Bade or
uncertainty concerning changes in release rats due to changes in
pressure and radionuclide concentraticns within containment.
Therefare, it wuld gemerally be advissble t0 initiate early
predeterained protective actions on the basis of dose projections
4 provided by the facility operator. During the second period when
eavircomental levels are known, these actions can be adjusted as
* appropriate.
f For sccidents involving a releass to the atmcsphere at a
nuclear power facility, the following sequenoce of events is
suggested to minimize population exposure.

Revised 6/79
3.6




()

2)

(3

)

(5)

(6)

7

Notification by the facility operstors that an incident
has ocourred with potential to csuse offsite projected
doses that exosed the PAGa. This notifiocation should be
provided as socn as possidble following the incident and
prior to the release if poasidle.

Immediats evacuation or shelter of populations in
predesigmted areas without waiting for confirming release
rate peasuresents or envircnsental rediation messureaents.
Monitor gamms exposure rutes (and iodine ooncentrations if
possible) in the envirocoment. The facility operator
should menitor release rates and plant oconditioms.
Calaulate plume centerline exposurs rats at various
distances downwind from the release point, or use prepared
isopleths to estimats exposure rates in downwind areas.
Use exposure rates, sirborne concentrations, snd estimated
exposure duratian to convert to projected doss.

Compare projected dose to PAGs and adjust areas for
protective actions as indiosted. |

Continue to make ad justeents as mors data become available.

$.2.1 Accident Notification
The first indication that a nuclear accident bas ocourred

should ocoms to State authorities from the facility opermator. The

notification from a nuclear power facility to the State and local
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response organizations should include an estimate of the projected
dose to the population at the sits boundary and at more distant
locations along with estimated time framss. The State emergency
response planners should sake arrangements with the facility
operator to assure this information will be made available on a 1]
timely baai; (within 1/2 hour or less following the incident and
prior to the start of the release) and that it will be provided in
units that can be compared to PAGs (i1.e., projected dose in rem to
the whole body or thyroid).
5.2.2 Immediate Actions

The Planning Basis (7) recommends that States designate an
Emergency Plaming Zone (EPZ) for protective astions for plume
exposure out to about 10 miles from a nuclear power facility.

Within this distance it may also be practical to plan an ares for
immediate respomse prior to the availability of information for
making dose projections. This could be a circular area described dy
a designated radial distance from the facility. Actions would be
taken within approximatsly a 90 degree sector downwind out to the
designated distance based on notification from the facility operator
that plant conditions exist which present a potential for offsite
doses in excess of the PAGs. The remaining area out to the EPZ
would be placed cn alert pending more information. When additiomal
information or forecasts on wind direction and meteorclogy became
available, decisions could be made oo additiomal areas for
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protective actions. With good meteorologioml and wind direction
Lnfomtim; it might be possible to reduce the width of the sector
for protective actions. However, if wind direction is variable or
if the start of the relesase is delayed, or if the releass duration
is long, the width of the sector may increase or possibly extend to
a complete circle. The importance of good information and forecasts
on wind direction oannot be overemphasized.

The designated distanos for immediate actions would be used
only in situations whers the facility operator oould not estimate
offaits projected doses. If the facility operator provides
projections of population dose, then these should be used by the
State to determine the downwind distance for immediate sotion in
lieu of the predesignated distasnocs. 7Ths outer edge of the low
populaticn zons is a suggested radial distanoce for immediate actioms
in the absencs of reasons for other distances.

5.3 Establishment of Exposure Rate Patterna

During or following initial actions to proteot the close-in
population, envircmmental exposure rats Reasurements should be made
to provide a data base for projecting dose and for reevaluating the
peed for additiomal protective actions or termimatien of those
sctions already taken. Planning guidance for the collecticm of
these data is provided in Appendix A. (Nots: Appendix A is still
under development. Reference (8) will form the basis for Appsmndix A

and is recommended as an alternmate sourcs of informatiom.)

Revised 6/79
5.9

v




After obtaining exposure rates or concentrations at selected
locations in the envirocnment, these must be translated to additiomal
locations to identify the pattern of the exposed arsa. Exposure
rate patterns based an a few downwind measurements can be estimated
in a variety of ways. One simple way is to measure plume centerline
exposure ntoz at ground level at some known distance from the
release point and use these data to calculate exposure rates at
other designated distances downwind by assuming that the cloud
centerline exposure rats is inversely proportional to the distance
from the release point.

The following relationship can be used for this calculatiom:

e

Whare: 01 s eXposure rate measured at distance 1!1

Dz s exposure rate at distance nz

x s rate of diffusion as a function of distance.
This relationship can be used to develop a crude pattern of
estimated exposure ratas by assuming that x = 1.5 and that the

2The centerline exposure rate can be determined by traversing
ths plume at a point sufficiently far downwind (usually greater than
one mile froa the zits) while taking continuous exposure rate
neasuresents. 7The highest reading should bde at the centerline of
the plums.
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exposure rats calculated for the plume centerline would alao exist
at points equidistant from ths source in the general downwind
di.ncticn.s To use this method, cne must be sure that the
exposure rate measurement is taken at or near the plume centerline.
A second and easier method for estimating exposure rate
patterns is to use a saries of prepared exposure rate isopleths
(maps with lines connecting points of equal exposure rates) plotted
cn transparencies. These isopleth plots are frequently available
from the licensee, thus elimimating the need for the State to
develop them. Since both the meteorological stability class and the
windspeed existing at the time of the release affect the shape of
the exposure rate isopleth curves, several sets of curves would be
needed to represent the variety of stability conditions and
windspeeds likely to exist at that sits. The appropriate
transparency ocan be selected on the basis of windspeed and
metecrologionl conditions at the time of the incident. The
tranaparency can then be placed over 2 map of the area that bas the
same scale as the isopleth curves such that the curves are properly

oriented with regard to wind direction. The isopleth curves are

3The value of 1.5 for x is for average meteorologiocal
conditions. If the meteorologioal stability condition is knowm, it
would be mare accurate to use x = 2 for stability classes A and B;
x s 1.5 for classes C and D; and x = 1 for classes E and F.

Nevised 6/79
5.1




used to estimats exposure rate by plotting the exposure rates known
at specific locations on the curves. Exposure rates at other
locations are simple multiples of the known exposure rates as
indicated by the multipliers associated with each curve.

A third alternative for determining exposure rates patterns is
to obtain gamma exposure rats neasuressants at a large number of
locations and plot these data on a map of the area. This method
would provide the most accurate data but would require z large
mmber of radiation instruments and trained persons to make the
asasuresents as well as a method forr commmicating the data to the
control center an a continuing basis. This method is primarily
recommended for dov.lopin‘.inforlltim for determining the need to
revise previcus protective action recomsendations. Protestive
actions for plume exposure should be taken prior to plums arrival,
if possidle.

5.8 Dose Projection

The projected dose (or dose commitment in the case of inhaled
radicnuclides) should be calculated only for the early phase of an
energecy. Early phase includes the duretion of the plume exposure
for intalation PAGs and wp to 2 to § days following the accident for
whole dody exposure. Exposures that may have occurred before the
dose projection is mads are not normally to be used for evaluating
the need for protective actiocns. Radiation doses that might de
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received at later times following an accident also should not bde
included within the projected dose for this guidance. These latter
doses, which may de from reentry operations, food pathways, or long
ters groundshine are committed over a longer time periocd and will
require different kinds of protective actiomns. Therefore, they will
require separste guidancs recommendations to be addressed in
subsequent chapters.

The best method for early determination of the need for
protective acticns immediately following an incident and prior to
the start of the relesss is for the facility operator to estimate
potential cffsits dose based cn information in the control room
using relationships developed during the planning stage that relate
abnormal plant conditions and Beteorologiosl conditions to potential
offsite doses. After the relemse starts and the release rate is
seasurable ard when plant conditions or instrumentation can be used
to estimate the characteristics of the release and release rate as a
function of :1..-0, ;Rth:'_ r}l‘o:gp. nl‘mgcﬁyto_o:olonal
conditions and windspesd and direction, can be used with techniques
presented here to estimate projected dose. Projected dose can also
be determined on ths baxis of environmntal msasurenmts when these
are svailable. Procedires are provided herein to use sither release
rates or environmental measuremsnts to project dose. Supporting
doamentation for the procedures is provided in Appendix D.
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S.4.1 Duration of sure

Dose projection is a function of the time integrated exposure
rate or of the time integrated concentration. Although exposure
rate would most likely vary with time, this relationship cannot be
predicted. For purposes of these calculations, exposurs rats is
assumed to be constant over the exposure period. Thereforse,
projected dose becomes a product of exposure rate, duration of
exposure, and a dose conversion factor.

The time period of exposure may be difficult to predict.
Exposure would start at a particular site when the plume arrived and
would be ended by a change in wind direction or by an end to.the
release. It is very important that arrangsaents be made for the
Stats o local weather forecast center to provide information on
current meteorclogical and wind conditions and predicted wind
direction persistenocs during the incidents in addition to
information ncauv.od from the facility operator. If neither wind
change nor the time until the ed of the release can be predicted,
the period of exposure could be conservatively assumed to be equal
to the 99% probable maximum duraticn of wind direction persistence
for that site and for existing meteorological stability conditions.
Historical data on wind direction persistence as a function of
stmospheric stability class for a particular site are available in

the Fimal Safety Amalysis Report prepared by the facility operator.
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5§.4.2 Whole Body Dose Projection

Having established expssure rate patterns in the environnent
and having determined (or estimated) the time period of exposure,
the next task is.to estimate the projected whole body and thyroid
dose to members of the population so that the projected dose can be
compared with appropriate PAGs.

An airbame release from a light water reactor would be
sxpected to comsist primarily of radiocactive noble gases and
iodines. If engineersd safeguards operats as designed, they may
reduce iodine concentrations to levels such that the whole bdbody
sama radiation dose from noble gases will be the controlling
pathway. Otherwise, the controlling patbway will be inhalation of
radiolodines resulting in committed thyroid dose ranging up to
hundreds of times the whols body gamma dose depending on the
effectiveness of the engineered safeguards.

To avoid the necessity for calculating projected dose at the
tine of the incident, it is recommended that dose projection
noBograEs be cimloped. FPigures 5.1 and 52 (pages 5.17 and 5.19)
are exazples of such nomograms. Appendix D provides details
regarding their development. Other ahortaut dose projection methods
may have besn developed by the facility oparators that are fully as

accurats as these methods and should be used if appropriate.
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The projected whole body gazma dose can be estimated by simply
multiplying the gamma exposure rate at a particular location by the
time period of exposure. (The dose conversion factor is assumed to
be 1). Figure 5.1 provides this multiplication. This figure also
provides a relationship between exposure rate in mR/hr and the noble
Eas concentration based on the mixture of radicactive noble gases
that would be expected to exist at about 4.5 hours after shutdown.
If the noble gases have decayed for a longer time, these curves
would significantly overestimate the projected dose as determined
from concentrations and exposure time. If the gamma exposure rate
from a semi-infinite cloud of airborne noble gases is to be
determined from known mixtures other than those assumed, the
following relatiouship may be used:

5 B
Rx9x 10 f CnEn

where: R : exposure rate (mR/hr)
C, = conceniration in air (C1/n3) for radicnuclide "n”
Bn s average gamma energy per disintegration (MeV) for
radionuclide "n". Ses table 3.1 of Appendix D for
values of E for specific radionuclides.

9 x 105 s a dimensionless constant.
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Copy available to DTIC does not
permit fully l.gible rcproduction

This equation is the familiar expression for gamma exposure rate ‘\,
from a semi-infinite cloud, R = .25°E, with the units for R changed

from R/sec to mR/hr.

5.4.3 Thyroid Dose Projection

Thyroid dose commitment from inhalation is primarily a function -
of the concentrations of radiocactive iodines in the air integrated )
over the duration of exposure. This section provides techniques for
projecting the thyroid dose using a variety of types of data that
may be availlable. The bases for these tschniques are provided in
Appendix D.

= @R U1 cata] “conceferatisathe iodines in the air and

duration of exposure, may be cbtained from a variety of sources.
The concentration may be measured either as gross iodines or as
specific isotopes. The concentration may also be calculated based
on release rates and characteristics and meteorclogical conditions D
or based on measured gamma exposure rates. The duraticn of exposure
may be predicted as discussed in section 5.4.1.

Pigure 5.2 provides a family of curves for projected thyroid
dose as a function of airborne concentration (right ordinate) and
duraticn of exposurs (absoissa).

To eatimate projected thyroid dose for a particular site, plot
the poilnt on figure 5.2 corresponding to the radioiodine
concentrations in c:./n3 and the expected timeé period of exposure
for persons at that location. Using a logarithmic interpolation,
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estimate the projected thyroid dose from the dose values on the
curves below and above the point. For example, if the iodine
concentration is 107> Ci/m> and is expected to last two hours,

then the projected adult thyroid dose would be approximately 5 rem,
and the child thyroid dose would be approximately 12 rem. Note that
the child thyroid dose is two times the adult thyroid dose. The
child dose would apply to general populations while the adult dose
would apply to emergency teams or to other adults.

Dose conversian factors to convert from time integrated
airborne concentrations to projected dose would vary as a functiom
of the time after reactor shutdown tbat conceatrations wers
deterained. The dose conversion factors for iodine concentratiocas
used in figure 5.2 are based on a mix of radiciodines that would be -
expected to exist at about 4 hours after reactor shutdown. If the
concentration were determined at some other time, the dose
conversion factor (and thus the projected dose) would be in error.
This error would be less than 305 for measurements made in the range
of 1 to 12 hours as shown in figure 4.4 of Appendix D. This error
is considered too small to Justify the use of a correction factor,
but figure 4.4 from Appendix D could be used for this purpose, if
desired.

Air samples would provide the best source of concentration data
for use in figure 5.2. However, with present day equipament, field

ssasurements of environmental radiocicdine concentrations may be
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difficult and too time consuming for quick decisions om
implementation of protective actions. In the absence of measured
iodine concentrations in air, ons may calculate the concentrations
based oo release rates and meteorological conditions or based on
gamma exposure rats measurements in the eavirooment.
5.4.3.1 Concentrations Based on Releass Rates

If information is available on the total curies released or on
the release rate and duration of relesse, one can use these data
with meteorologioal information to calculate concentrations at
specific locations downwind. Similarly, this information can be
used to deterzine the downwind distanoe at which a particular

concentration would occur. These methods are discussed below.

Figure 5.3 provides the atmospheric dilutien factor, xU/Q, as
a function of downwind distance and for different atmospheric
stability classes. This factor is the conceatration (X) in Ci/m3
that would exist for sn average windspeed (U) of 1 m/sec nd for a
release rate (Q) of 1 curie/sec. To find the downwind concentration
(x) for a specific windspesd and release rate, divide the value of -
x0/Q by the windspeed in m/sec and multiply by the release rate in
Ci/sec.

To find the projected thyroid dose associated with a particular
concentration, find the point cormpcnd.}uc to the conoentration and
the estimated duratiom of exposure on the nomogram in figure 5.2.
Interpolate logarithaically between the dose lines as necessary.
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These values assume
an inversion 11d at
1000 maters altitude
and a ground level
release.
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Figure 5.3 Typical values for !ﬁIQ as a function of
atmospheric stability class and downwind distance
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If the release is expressed in total curies as opposed to

B ‘ Ci/sec, any release period can be assumed for purposes of using

: figure 5.2 to estimats the projected dose. Assuming a release
- . period of one bhour, the total release in curies can be converted to
relesae rate in Ci/sec by dividing by 3600 sec/hbr.
A more comaon problem may be to deterumine the downwind distance
! at which & particular dose would occur. The following steps would
be appropriate for solving this problenm.
1. Prom figure 5.2 (M 5.19) determine the iodine

concentration in Ci/m> that would cause the thyroid dose of

concern for the estimated duration of the exposure.

2. Multiply this concentration "x" by the windspeed *U" in
m/sec and divide by the release rate "Q" in Ci/sec. This provides a
dflution factor, x0/Q (2°2), which can be applied in figure 5.3
(page 5.22).

3. Using figure 5.3, follow the value for XU/Q across to the
existing stability class and follow this point down to find the |
corresponding distance. This is the downwind distance where the
dose of concern should ocour at the plume centerline.

Example Probdlea

1 4 Assume an accident involves a puff release of 20,000 curies of

iodines. The release occurs at two hours after reasctor shutdowa,

} the windspeed iz 8 aph s 4 m/aec, and the atmospheric stability
class is D. Determine the downwind distanos at which the projected
dose would be 5 rem to the ochild thyroid.
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Since mo duration of exposure was given, one can assume one
hour = 3600 seconds for purposes of calculations.

Prom figure 5.2 (page 5.19) note that ths conceatratiem, X,
correaponding to a 5 rea dose to the child thyroid from a one hour

-6

exposury would be about 8 x 10 c1/n3.

“he releaxe rate, Q, can be.assumed to be

20,000 curies ‘
3,600 seconds * O+5 Ci/sec -

Therefore:

=5 3
ég L 8.X 10" _Ci/m’ x tm/sec 5.8 . 1075 g2

From figure 5.3 (page 5.22) the distance corresponding to a dilutien
factor of 5.8 x 10~ 2”2 under stability class D is about 8 Ia
or 5 miles.
5.8.3.4 Concentrations Based on Gamma Exposure Rate Measurements

1t envircnmental councentrations of radiciodines are determined
fron air samples at selected locations, it would be useful to obtain
simul tanecus averags gamas izposun rate Deasurements at the same
locstions in accordance with recommendations of the Task Force on

Instrumentation (8). The ratio of gamms exposure rate to iodine
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concentration should be approximately constant for different

locations if the measurements are not spread out over more than

about 2 hours. The process of collecting and analyzing a few air
samples and estimating oconcentrations based on gamma exposure rate
seasurements at other locations could save considerable monitoring
time.

If no air sample measurements are avallable, it is possible to
obtain a crude estimate of radiolodine air concentrations from gamma
exposure rate neasurements. Because of the large potential for
errors, this would be the last choios of methods for estimating
airborne iodine concentratioms.

The left ordinate in figure 5.2 (page 5.19) provides a
relaticaship between the gamma exposure rate from airborne
radiocactive noble gases plus iodines and the radiociodine
concentration (right ordimate) that would contribute to this dose.
This relaticnship changes with ths ratio of iodines to noble gases
in the relesse, tbe atmospheric stability clasa, time after
shutdown, the gamsa exposure coming from material already deposited
on surfaces, and the gamma exposure from airborne partioculate
material. ’

Because of the assumptions that were made in the development of
figure 5.2, its use to estimate thyrvid inhalation dose solely on

the basis of gamma exposure rates without confirmatory concentration
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seasurenents or without correction factors would generally result in
projected thyroid doses higher than those that would actually

ogeur. e relationships in figure 5.2 between gamna exposurs rste
and iodins concentration are based on the following assumptions:

1. The ratio of concentrations of iodines to noble gases would
be about 0.3 which is the ratio that corresponds to a mixture
consisting of 25% of the iodines and 100% of the noble gases in a
nuclear power reactoar at full power equilibriun conditions. PFigure
5.4 provides correction factors that can be multiplied times the
gamma exposure rats before its use in figure 5.2 in situations where
actual values are provided for iocdine to noble gas activity ratio.

2. Ths atmospheric stability class would be "A". FPigure 5.5
provides correction factors as a function of dowawind distance and
atmospheric stability class for use in situations where these data
are known.

3. Measurements would be made within the range of 1 to 12
hours after resctor shutdown. Concentrations based on measurements
made during the first 4 hours after shutdown would be slightly lower
than estimated, thus causing a conservetive dose estimate.
Concentratins based on measurements made 6 or mors bours after the
reactor stutdown would produce low dose estimates. However, this
nonconservative error would be somewhat compensated by the

conservative error introduced by the assumption that thers would be
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00 contridbution to gamma exposure rats from radiociodines deposited
on the ground. Both of thess errors would increase in intensity
with time after the start of the release.

Caution should be exercised in this method of estimating
thyroid dose to avoid projecting thyroid inhalatiocn doses on the
basis of gamma exposure coaing entirely from deposited material
after the plume has pussed. PFor this situation the gamma exposure
rats would increase as the detsctor approached the ground.

Exapple Problem

No iodine concentraticn measurements have been made, but gamma
exposure rats measurements indicate saximm levels of 10 mR/hour at
Q miles downwind. The atability class is D, and the nuclear utility
reports the iodine to noble gas ratio in the release is 0.1. What
is the projectead child thyroid dose for a 2 hour exposure?

Solution

Referring to figure 5.2 (page 5.19) the projected dose without
correction factors for 10 mR/hr and 2 hours is about 8 rem to the
child thyroid. From figure 5.5 (page 5.28) the correction factor
for D stability and 2 miles = 1.6. From Pigure 5.8 (puge 5.27) the
correction factor for iodine to noble gas ratio of 0.1 = 0,45,

10 mR/hr x 1.6 2 .45 = 7.2 mR/hr. Referring to figure 5.2, the
corrected thyroid dose 1is projected to be slightly more than 5 rea

for a 2 hour expasure.

Revises 6/™9
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5.5 Protestive Aotion Deoisicns

The most effective protective acticms for the plume exposure
pathway u:c evacuation and shelter. Access control is also
effective and appropriate but generally would be taken in
conjunctica with cns of the othe two astions. When contamination
ct.thl sicin is suspeatsd, protective actions such as washing and
changes of alothing are justified without the aeed for planned
procadures because these acticns are easy to taks and involve little
@ no risk. Chapter 1 provides a general discussiam of protastive
actions, and Appendix B will provide planning guidance with regard
to evacuation and shelter. (Appendix B has not been published as of
this revision).

After dose projectiocns are sade and constraints are identified,
responsible officials must decids what protective actions should be
implemented and in wbat areas. They must also decide which of the
eaergency acticns that were takem prior to having release
information from the facility or environmemtal measuresents should
be expanded, maintained, o cancsled.

Table 5.1 provides bdroad guidance for these decisions on the
Basis of comparing projested doses to PAGs. This guidanos is
prizsrily for planning purposes. Acceptable valuss for emergency
doses to the pubdlic under actual conditions of a nuclear accident
cannot be predetermined. Protective action recommendations in sny
individual case must be dased on the actual conditions that exist
amd are projeated at the time of the acsident.

Revised 6/79
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Toble 5.1 Becommended proteative setlons to reduce whole body sad thyroid dose from exposure £o & S8se0us plume
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low a8 reasomably achievable.

suet take existing eenditions into eonsideration.
(5)as the time of the insident, offieinls say inplemsat low-ispeet protestive ssticms ia heeping with the

prineiple of mistaining redfation cxposures &8

(8)Tncae setions are rescamended for planaing purposes. Protective sstion desisions at the time of the ineident
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*« PAGs cannot be used to assure that a given level of exposure to ‘7:
individusls in the populaticn is preveated. In any particular
respense situation, a range of doses may be experienced, depending
mostly cn the distance from the polmt of release. Some of thess o
m-muumormpm1mumc1—r1ymem
initiation of any feasidble protective actions. This does not meamn,
however, that all doses above PAG levela can be prevented.
Furthermore, PAGs represent only trigger levels and are not intended
to represent acceptable dose levels. PAGs are to0ls to bDe used in
plaming and as decision aids in the aatual response situatiom for
purposes of dose savings.
Uoder esargmocy conditions all reasonable seasures should be
taken to minimize raciation exposures to the general public and to
eaergency vorkers. In the absence of significant oconstraints and in )
amsideration of the generally asccepted pubdblic health practioce of
lisiting radiation exposures to as lov as reasonably achievadle
levels, responsible authorities smay vant to implesment low impact
protective actions at projesctsd doses bdelow the PAGs.
The recommendations provide a range of PAG values because
iaplementation of the gunidance will alwmys require the use of good
Judgment and a consideration of local constraints. The lowest value

should be used if there sre no sajor local constraints in providing
proteaticn at that level, especially to sensitive populations.

Revised 6/79
s.32




H
i
i
!
{
]
'

_Local ocnstruints may make lower values impractical to use, but in
0o case should the higher valus de exoseded in determining the need N
for protestive astion. The question inevitadly arises, then, at
what projected dose below the minimum PAG values should protective
astions o longer be oongidered. This is & value judgnent on the
part of the emergency ocordipator but should de based on the
following considerations:

8. Are the risks associsted with taking protective sstiom at
low projected doses greater thm the risks associated with the low

, projested radisticn doses?
' b. Is there a reascnable probability that the protective
) aotion being conszidered csn de sucoessfully implesented without
| ~~ ureasonable eoat or hardship on the partisipsats?
\_~ . At very lov projested doses, efforts to protest the
4 ' populaticn may do more harm than good.
The intent is to allow for flexibility in the implementation of
the guidance because local oonditicns will vary and becsuse special
W erestio may be available. But sbove the upper PAG range, there
is significant risk to the exposed populations, and responsidle
agencies should consider it mandatory to plan to implement effective
1 . protective asticms, recognizing tiat wben an acaoident ectually
occours, uwforesen conditions or constraiats may prevail such that
professional judgment will be required with regard to priorities for
protesting the pudlio.

b i Revised 8/79
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Guidance for emergency workers is given as dose limits because
it is recognized that aritical oivil functicns must continus while
protective astions are taken for the gemeral population, and this
my require emergency woriers to receive radiation exposures during
aaergwmcies that othervise would not be permitted. Exposure of
emergency worikers to any dose level is not justified unless it is
mmemnuuﬁz.qmummumw
are being uade to limit their doses to levels as low as reasomably
achievable. Emergency workers should consist of healthy adults and
should not include women that could potentially be pregnant.

Ensrgency response planning should provide for specialized
protecticn for emergency workers during emergency astivitiss. This
would include respiratory protection, if aseded, to reducs internal
orgm and thyroid doses from inhalation and perhaps prophylastic
drugs that prevent thyroid exposures from inhaled radioiodine.
There should be appropriate instrumesmtation to verify exposures and
commmication tschniques to prevent oversxposures by warning
emergency workers when to withdraw from radiation fields.

The bealth risk associated with dose limits recommended for
lifesaving missions are extremely high, and such high doses should
be received caly cn a voluntary basis by individuals aware of the
risks involved. Lifesaving acticns should de performed by peracas
in good health whose normal duties have trained them for such
missions.

Revised 6/79
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BRI Appendix D

1.0 Introduction

If an incident wers to occcur at a reactor resulting in
nobilization of the fission product inventory, the radiocactive
iio:epu of iodine and the noble gases plus a smaller quantity of
particulates mnight be released to the environment in quantities
exceseding normal operating limits. Under these conditions, it would
be necessary for respousible public officials to quickly determine
vhether protesctive actions should be taken to protect the public.

The decision to implement protective actions would be dased, in
' 1

— part, on the projected radiation dose” that might be received by
;\.v' individuals in the populaticn. Dose projections may be determined
from one of three information bases or combinatiocas therwof: i

(1) resctor system status, (2) release rate of radicactive

usterials, and (3) envircumental ssasurements. Dose projection

based ou resctor system status will be primarily the respomsibility
of ouclear facility officisls and will not be discussed hers. The

Iprojected radiation dose is defined as the dose the exposed
persous would receive in the asbsencs of protective sstions and
includes committed dose that msy be received as a result of ingested
or inhaled radicsctive material.




estimation of projectad dose based on release rates and
enviroomental meascrements will to soms extent be the respounsibilicy
of State and local government officiasls. Procedures for making
thase estimates wers given in Chapter 5, and this Appendix provides
the technical bases for those procedures.

Two exposurs pathways are considered: (1) whole body gamsa
sxposure from radicactive noble gases and iodines in the plume, and
(2) ishalation of radioiodines in the plume. Additiomal whole body
external exposure would occur from deposited radicactive
particulates snd iodines. Over an extended period of days to weeks
or moaths this source could be significant or even dominsnt.
However, during the period of plume passage, sxposurs from dsposited
materials is oot expected to be significant compared to exposure
from the plume. .th. separate procedurss for estimating the
vhole body dose from deposited matsrials are not provided in this
Appendix.

The enviroumental measurement techniques considered are gamms
exposurs rate messurements and gross radiociodine concentration
ssssuremsats. Mathods are developed for estimating the projected
thyroid dose commitment from either of these measursments. Although
the estimation of thyroid dose commitment from gazmma exposurs rate
wessurements is recognized as a crude spproximation, it is a
currently implementable and rapid method. PFisld instrumentacion

D=2
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capsble of msasuring gross radioiodins conceatraticn i{n the presence
of noble gases is under development. This method should replace or
supplement the gamma exposure rate method for estimating projected
thyroid dose commitment as soon ss possible. Projected whole body
gamma dose from external exposure to the plums {s simply the
integral of dose rats over ths duration of exposurs.

1.1 Approsch

Calculated values for projected thyroid dose commitment end
projected whole body dose are a funmction of cthe isotopic compoeition
of the radionuclide bearing cloud. This cloud compositioca is, in
turn, determined by the respective release rates of specific
radionuclides from the rssctor contaimment end the age of the
fission producta. In sddition, the mjo?cd dose from imhalatiom
among bumsn receptors will vary as a fumction of the pertinemc
physiological and metabolic charseteristics ascribed to the
individual incurring the dose.

Given sufficient time, oune could project the thyroid dose
commitment by sessuring or calculatiag the sirborms concentratiom of
each isotope of radiciodine, integrate thess comcentratioms over the
period of expoiure, multiply by the appropriasce dose comversion
factor for esch isotope, and chem sum these values. However, during
the emargency period following an incident, such amslyseas weuld de
too time~consuming, <=d more simple methods must be used.

D=3
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The recommended simplified approach for dose projectioam is co
maks use of charts or nomograms Co translats calculated or measured
environmental parameters into estimated projected dose. BRstimacing
the whole body external dose is only s mattsr of incegrating the
gauma exposure rate over the estimated duration of exposure. The
corresponding sethod for projecting thyroid dose is similar with the
addition of factors to convert from time integrated concentracica to
dose and correctiomn factors co adjust for variasbles that may be
known.

This Appendix is a presentation of the processes and
assumptions used to develop nomograms for projecting both thyroid
inhalation dose commitment and whole body gamma dose. The nomograms
are based o releases defined for a design basis accident without
the benefits of engineered safegusrds to reduce concentratioms ia
contaimment. Correction factor charts are provided for adjuscing
the dose projectiocus for (1) different release charscteristics, (2)
time for radiocsctive decay, and (3) asctual meteorological conditions
at the time of the accident. Other methods involviang differenc
types of charts snd nomograms for projecting dose have been
developed by nuclear facility operators aad others. Such methods
may be fully as accurate snd scceptsble as those developed in this
Appendix.
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The charts and nomograms developed in this Appendix allow one
to quickly estimate projected whole body dose or projected thyreid
. ) dose commitaent from any of the following data when these data are
! - used with the estimated duraticn of exposure:

1. Calculated gross concentrations of iodine and/or noble

gases.
2. HMHeasured gamma exposure rates.
uyroid Dose Commitmwent

1. Caloulated gross oonocentration of iodines.
2. Measured gross concentration of iodines.
3. Measured gamma exposurs rate.
o Because the dose projection nomograms (1) are based on gross
e ooncentrations, (2) consider only a jpecific time for radicmctive
decay, and (1) do not consider differing dimensional charscteristios
of the plume, the resulting dose projections are subject to gross
.'g:!:z Naoy:ve. ‘thom” 2 based on gonerally conservative
sssumptiona, and thereforse, the dose projection errors are likely to
be oonservative. Correction fagtor ourves are provided for use in
situations where actusl data are available to substitute for these

assumptions 8o that dose projection estimstes can De Bore soourate.




2.0 Daies

All radiation units used are those defined by the ICRU (1).
Wc,.:.hi ICRU has yet ¢o defins the concept of dose commitment
and propose & symbol for it even though the ICRP utilizes the
concept.

Richardson (2) has traced the history 4f the dose commitment
concapt; the following definition is taken from his work. "Dose
Commitment is a future dose implied by a specific event in cthe pasc.”

Macthematically, this concept is defined by the following
integral equatiom:

t
Fe f1p(e)de (1.1)
:;r °

()

where § is che dose commitment in rad and D, is an initial or
refersacs dosa rats.

As shown here, dose commitment snd dose rate are averages.
These average value(a) result from application of the assumption
that radicactive material is depoeited umiformly cthroughout the
target organ.

¥ will be determined by the valuss selected for the limits of
integration. The lower valus, ¢t o’ is taken as zero which defines
a refarence time or starting point at which time & value for n° is
known. The ICRP has suggested upper limits of 50 years as the value
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to be used for oceujuti.eul. considerations and 70 years for members
of tha general public. EPA uses 100 years (3) whem computing
enviroamental dose commitments. In selecting an upper limit for use
in calculating the doss cosmitments correlated with iodine .

concentration, it is recognized that due to the short half liwves for
the radiciodines of concern, most of tha doss commitment to the
thyroid will be deliversd in less than cne month. Thersfors, the
difference in dose delivered in 30 or 100 years or infinity is
effectively O, and infinity is used for couveniencs. The
caleulational formula becomes:

- )
P of Doc-“de - T"- ' (1.2)
[ ]

Ay is the effective removal coefficient in reciprocal time uaits.
2.1 BRadiomuclide Comcantration in Air

The air concentration of fission products downwind from the
point of release is determined by their vats of release from the
Teactor containment, their mamner of dispersal ia the atacepbere,
sod the elspsed time sincs resctor shutdown. Tor s givem inveatory

of radicnuclides in the resctor cors at the time of shutdowa, the
containment relesse rats of a particular radionuclide depends on
three factors: (1) the fraction of the cors inventory of the
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nuclide which is relessed to the containmenc; (2) the rsce of ics
removal from the contaioment atmosphere by the eugineered safaty
systems and by such mechsnisms as precipitation, surface depositiom,
and radicactive decay; and (3) the containment leskage rate. These
three factors -an vary videly depending on the magnitude of the
accident and the fm;:timl status of the engineered safety

sylt-.-. ‘Howaver, if ons sssumes that a given fraction of the core
inventory of a specific radionuclide is available for release to the
containment immediately sfter resctor shutdown (4,5) end that the
engineered safety systems act to reducs the contzsimment inventory of
the radionuclide by some fixed factor wichin a short time after the
radionuclide relesse into contaimment, then the smalysis of the
radionuclide release from the coutainment can be simplified. Under
those assumptions, the removal of a radionuclide from the
containment atmosphers by the engineersd safety systems can be
regarded as an additional barrier, or filter, affecting the fractiom
of the core inventory of the radionuclide which is released to the
containment. If 'l.k is the fraction of the core inventory of the
kth radicauclide which is released to the containmment, ’zg is the
fraction of the relessed rsdiomuclide which is not removed by the
enginesred safaty systems, and "k is the sctivity of the kth

radiocsuclide ia curies, then the contaimment inventory of the kth

radionuclide at tims ¢, ck(:). is given by
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P

()

Ck(t) ol ST S Lk(t) curies. (2.1)

Combining the product of ru snd ru into a total release
fraction rk.

-

ck(t) - !kAk(t) curies. (2.2)

Assuming that 100 percent of the containment ianvencory is
available for release to the environment via containment leakage,
the radiocauclide release rate from the containment is detsrmined by
the produet.of the radionuclide core inventory, its total release
fraction, and the contsinment leakage rate. In these terms, the
release racte from the contsinment of the kth radicnuclide may be

wricten as:

Q(e") = a e - p - L), (2.3)

where:
Qk(:') = containment releass rate of the kth radicauclide
(ci/e)
t' » time of release after reactor shutdown (s)
‘t(:.) = core inventory of kth radionuclide at time ¢' (Ci)
¥, = total relesse fraction of the kth radicmuclide
L(t') » contaimment fractional leakage rate at time t' (s-l).
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After the fission products have been relessed to the
environment, their coucentratiom, as a function of dowawind
distance, is dependent on the acwmospheric conditions at the time of
release and on their respective deposition velocities. However, if
che deposition walocity of the radionuclides is neglected and the
containment leakage race is assumed to be constant, the air
concentration of the kth radionuclide is given by the following
equation:

> e - -, = Pt
X, (r,e) = Q (e) X/Q(r)
=afle) - LX), (2.4)

vhere:
xk(r.:) = concentration of kth radionuclide at point r
relative to the point of release and time t after
reactor shutdown (Ci/m3).

X/Q(z) = tima iovariant atmospheric diffusion fumction
relative to the point of release (8/!3), and A, is
evaluated at the ssme time as Xy to allow for
fission product decay and ingrowth during time of
flighe.
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The total radionuclide concentration of s cloud consisting of M
radionuclides {9 givem by the sum of concentrations of its

individual components. Thus, k

M
x(z,2) = T A (e) P, L X/Q(z)
k_l‘k "
. M
e L x/Q(z) k:IAk(:)rk . 2.5)
2.2 Dose Calculations

The dose projection methods developed in this Appendix are
limited to consideration of thyroid doses due to inhalation of

PO radioiodines and whole body uloud gammsa doses due to radioiodinas
~ and noble gases which might be released in a potential nuclear
reactor accident. Doses to other organs are not considered.
2.2.1 Whole Body Cloud Gamma Doses
The cloud gauma dose is a dose vhich is received as 'y T
consequence of external exposurs to gamma radiation emitted by the
sirborne radiosctive fission products. In some cases, the whole
body dose would be projected based oo measurements of exposure rate
in the environwent and an estimated duration of exposurs. In other
cases, projected vhole body dose may be based on.calculated

concentrations in the enviromment and estimated duration of

exposurs. Since gemma rays can travel great distances in air,
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ealeculations of whole body gamma doses from d.tborﬁo concentrations E =
must consider the radiocnuclide composition snd concentration spstial
distribuctions within the cloud. Rigorous calculations of cloud . ‘!‘
gomma doses require three dimensional integratiom of appropriate . |
dose attenustion kernels with respect to space, as well as with
rvespect to time. Howaver, if the cloud cam be considered to be
semi-infinite in extent (reference (§), section 7.4.1.1), then, for .
a point located on the ground, the gsmma dose rats in air from the :
kth radionuclide is given by

PN

ﬂ:‘(r.:) = 0,25 g &(t.t) , (2.6)

e D,

ﬁ;‘(r,c) = gagms dose rate from the kth radionuclide
distributed in a semi-infinite cloud (rad/s)

i: = gverage gamms energy per disiantegration of the
kth radionuclide (MeV/disintegration), and xk(r,:).
which has been defined previocusly, bas the units of
ci/m’.
Using 2q. (2.6), and sssuming that the whole body gamms dose
rats is equal to the gamma exposure rate in air, one could calculate
the whole body gamma dose that would be received by an individual

D=12
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;‘ - exposed to an infinite cloud of gasecus fission products by

;. integrating the dose rate with respect to time over the duration of

W o sxposure. Howsver, since it is expected that the cloud gamms

exposure rats would be measured at a given location within a short

time after plume arrival, the dose at that location can be

conservatively estimated by simply multiplying the measured gamma

: exposure rate by the expected duratiom of exposurs. This dose
projection method would tend to be comsearvative because the
radiclogical decay of the fission products after the msasurement
would be neglected. Other factors such as changes in plume
direction, changes in meteorological comditions, or changes in
relsase vats could cause either high or low doss projecticus.

r \ A mathod can also be developed for projecting whole body gamma
doses based on known or calculated fission product comcentrations.

| Since the gsmms dose rate from a semi-infinite cloud comsisting of ¥

gaseous fission products is equal to the sum of the doses from the

various radionuclides, the total whole body dose rate is defined by:

& u Ld
B™(r,e) = I B (z,e)

k=l .
M
- :10.25 IZ X (z,t) rad/s. : (2.7)
ke
) D=13
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Sinee X, (r,t) is given by Eq. (2.4), subscitucion of thee
expression inco Bq. (2.7) yields the followiang:

.F l .
D' (r,e) = 0,25 kf-x!“ A () 7, L x/Q(r)

"
= 0.25 L x/Q(z) kill: ACE) 7,  red/s. (2.8)

Furthermore, since the total radicaselide comcemtratios st
(r,t) is given by Bq. (2.5), the racio of the semi-infinice cloud
gamma dose rate to the tocal rsdicnuclide concemtraciom, (ReC”), is
given by

. n
0.25 L x/Q(z) ‘1': ASe) ¥,
k=

eC"(e) =
LXx/QCe) T A (e)®
h_l‘k A

¥
0.2 ¢ (e) ¥
i ‘_1'1 A(t) 1y
T A(e)? Ci/u
wr ks Te

rad/sec

(2.9)

Thus, given a imovledge of gasecus fissiomn product
concsatration at a given location soon after plume arrival, the
vhole bdody cloud gamms dose to am individusl at thac location may de
projected by multiplying the concemtration by the factor RGC™(t) and
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by the expected duratica of exposurs. This method say also be used
to project whole body cloud gamms doses from noble gases which night
be relessed in & resctor accident.
2.2.2 Thyroid Inhalatiocn Doses
The thyroid inhalation does is an internal dose commitment
which is received as a consequencs of inhaling radiociodines present
in the air act the point of exposure. (The term inhalation dose or
thyroid dose as used in this report means thyroid dose commitment.)
The inhalstion dose dus to the exposurs to air comtaining the
kth fodine isotopa is givem by the incegral of the concemtration
over the period of exposurs,

)

R *
) tl t‘

(

n:h(:.:..t.) - f ncr:“ x‘(r.:) de ’ (2.10)
3

whers:
nk("‘a"o) ® thyroid inhalation dose resulting from
exposurs to the kth iodine isocope (rad)

:‘ = time after resctor shutdown at vhich exposure
commencas (s)

€, " duration of exposurs, or the inhalation time (s)

na:“ = thyroid inhalation dose conversion factor for the
kth iodine isotope, xad 28, and X(z,t) has been

Ci/e
defined previously.
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1f cthe redioicdine coucentratiom in air is m of X i{odine
isocopes, then the inhalation dose is equal to the sum of the doses
received from inhaling the individual iodine isocopes. Thus, the
combined dose is .
™B(r,e .t ) = : c"(:'1: t)
Folyrty kel nl '“a’"e
‘ f . . g o't B .
‘ - T f na:‘ x(e,t) de red. (2.11)
k=1
Ca
Substituting the exprassiomn for Xk(r.:) from 2q. (2.4) imte D
Eq. (2.11), one obtains
8. +t
¢ ye T o™ - A (e) 7 L x/Q(e)de
Tatyaty kel k A ® s

L+t

] ) L]
A th
LU T f DXy A(c) P de  rad.  (2.12)
tl
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C The ratio, uc(:..t..te). of the combined thyroid
- inhalstion dose, D(r,t,.c.), to the total radiciodine
- .- coucentraciom, X(r,t ), at peint r, and time t,» vhere . '1

. Byt <t * ., can be obtained by dividiag Eq. (2.12) by ) .
- 2q. (2.5). It cam be writtem as

L+t
. ) [ e
LWk T / DCT A (2) 7, ¢t
e.

uc(:..c..:c) -

L xQ(e) T rale)
k=l k‘k (]

t.’t

| e
th
N kfl f DCr, " 74, (2) de
t

e

=

[ rad
- 3 w — (2.13)
S A, t
] k ¢

Since RIC(t .t .t ) is the ratio of thyroid inhalation ' O
dose to radiciodioe concentration, given a knowledge of the total '

tadioiodine comcentration st & given locatiom, at time t, after
reactor shutdown, ona can project the thyroid inmhalation dose
resulting from s exposure begimning at ¢, ssconds sfter reactor
shutdows, and lasting for a peziod of e seconds, by simply
muleiplying uc(:‘.e‘.ee) by the known radioiodine
concentration.
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Expressed mathematicslly,

n(r.:..c.) - uc(:‘.:..ec) . x(r.ec) rad. (2.14)

Since uc(:..c..: c)._i.s independant of position, this
procedure may be used snywhere within the radicsctive plume,
provided thst the totsl radiociodine concentratiom iz air is
determined at the location for which the thyroid inhalation doee is
projected, and that the temporal paramesters L e., and t, are
known.

Using a similar mechod, it is also possible to estimate
projected thyroid inhalation doses on the basis of environmental
msasursments of cloud gemma dose ratas. To do this it is necessary
to develop a ralatiounship between gamma dose rates and iodine
concentrations in the plume and then to use this to detarmine the
projected thyroid dose.

If cthe gaseous fission product conceatration at a given
position is composed of N radiciodines and M noble gases, then the
ratio of total iodine concentration to the semi~-infinite cloud gasmma
dose rate, RIG™(t), is given by

N
. 0) tl Ai(e)!i y 3
- - X(z,t - i= Ci/m
RIG (e) ST " o° . Tedlaee . (2.13)
’ 0.25 ¢ T ale) r,

k=1
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Since the ratio of thyroid inhalation dose to radiciodine
concestration {s given by the factor uc(e‘.t..:e). the
thyroid inhslation dose

n"’(r,:.,:.) s [l:cu:‘.:..:c) . uc‘(:e)l . i*‘(r.:c) rad.

Thus, if the time thst has elapsed since resctor shutdowm is
known, the radiociodines thyroid inhalatiom dose can be projected at a
given locatica for an expected ‘inhalaticn period by measuriag the
cloud gamme dose rate at that location and by multiplying it by the
expression in paremtheses in the shove equation.

While the factors RIC and RIC were expressed as functions of
radiocnuclide core inventories and release fractioms, in view of
Bq. (2.4), it should be recalled that they are actually functioms of
fission product rslesse rates from the containment. Sincs the
relesse rate of the kth radionuclids from the containment is given
by §,(t'), the fsctor RIG, in particular, can be expressed in

terms of release rates as

 J
T Qe
RIC™(c) = {i=] m (2.17)

0.25 ¢ 3, (t)
IR AL

D~-19
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' or, in terms of containment radioiodine and noble gas inventories, as

L I
£ ¢, (e)
o i=] i
RIG™(t) & S . (2.18) -
0.25 t ¥ ¢, ()

kel

| ' vhere qt and 0:k are evalusted at timea t to allow for
radiological decay during cime of flighe.

Defining the average gemmsa energy released per disintagration
of & radiociodina atom to bde

N

t T g0
SO C Bl
:: 'ﬁ »
L Qe
i=1

i and the average gamma cnergy released per disintegration of s nobdle

gas atom to be
!

: !’; d(e)
l;c") | jii---- .
| | T 4e)
| -
|




Bq. (2.18) ngy de wricten as

H Q,(t) - 4
L ) -
!.-'IQ‘l

!’,’(:) T q,(e) o!;cm ';5 Q.(e)
o 1 jo1 9

G (e) »

- L (2.19)

M

L éj(:)
| {ORS MOP - N
I Q(e)

Bq. (2.19) illustrates the obviocus fact that the ratio of
iodine concentration to gamme dose rate depeands on the relative
relesse rates of the iodines and noble gases from the resactor
containment or, assuming a radionuclide independent concainment
leakage rate, on their relative inventories ia the eoﬁui.m:.
Thus, ig order to be able to project thyroid inhalation doses on the
basis of cloud gamma dose rates, it is only necessary to kmow the
relative contaioment release rates of radioiodines snd noble gases
and not their absolute magnitudes. PFurchermore, since releass from
ths containment would reduce the radioiodine and noble gas
inventories by the same fractional emounts, their depletion by
leakage into the envircoment need not be considered in assessing

their relsative release rates.
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2.2.3 Fintte Cloud Correction
The above method for projscting thyroid inhalation doses by

seasuring cloud gamma dose rates was based on the assumption that
the cloud is semi-infinite in extent. However, for s particular
concentration, the actual gamma dose rate from a2 finite plume would
tend to be smaller than that from an infinite cloud. Thus,
projections of whole body gamma doses based on calculated
redionuclide concentrations in the plume would tend to overestimate
the doses. Conversely, projections of thyroid inhalation doses
based on measuresents of gamma dose rates would tend to
underestimate the inhalaticn doses because of reduced gamema dose
rates.

The ratio of gamma dose rate in a finite cloud to the gamma
dose rate in an infinite cloud having the same concentration as the
centerline of the finite cloud for 0.7 MeV gamma photons is showm in
figure 7.18 of reference (6). It depends only slightly on gamma
photon energy and may be assumed to be valid for the gamma energy
spectrm of radiciodines and noble gases. This ratio is plotted as
a function of ¢, the standard deviation of the cloud concentration
for the aloud centarline and for locations off the centesline. Por
s ground level release, the value of g can be replaced by ¢ average

which is (g - 0,)% Figures 3.10 and 3.1 of reference (§)

provide values for ay and o, a3 a function of downwind distance




for the Pasquill stability classes A through F. The resulting
values for o can be used in figure 7.14 of reference (§) to

.- . determine the ratio of the gamps dose rate in a finite cloud to the
gaxma dose rate in a semi-infinite cloud for the different stability
classes and at different downwind distances.

This functional dependence can be expressed mathematically as

bY
'5'7-.' (¢, =, KX) ’ (2.20)

wherse:

N pY . ;
: . <ys = ratio of gammg dose rate from & finite cloud to that
N D

from an infinite cloud
x = downwind distance of exposed location from point of
release
KX = atmospheric stability class (A, B, C, D, E, or F)
0 = gverage radionuclide concentration standard deviatiom.

By dividing the measured cloud gamms dose rate by the ratio

.Y 'T.
?—1-.-. or by multiplying it by its inversas, %—-. one can compensate
] D

for the raduced gamme dose rate from a finite cloud in projecting
radiciodine thyroid inhalation doses based or environmental

ssasuremsnts of gamma dose rates in air.
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3.0 Input Parameters
3.1 Radionuclide Source Terms

Table 3.1 gives the fisaicn product scurce inventory and
associated data which was used in this Appendix to develop whole
body and thyroid inhalation dose projection methods.

The radionuclide source terms are essentially the same as those
given in WASH-1400, Appendix VI (7), except for the inventories of
astastadle Xe~133m and Xe=135a, which are bdased on RSAC code
calculations (8). They are also in good agreement with source teras
calculated by Anno, et al. (3), and represent the equilibrium core
inventory of radioiodines and noble gases in a typical 1,000 Mie
(3,200 MWt) power reactor. These initial core inveatories were used
to calculate radionuclide activities as a function of time according
to decay relaticnships presented in figure 3.1. Since Cs=135 can de

regarded as stable (half-life = 2.3 x 106

years), eleven decay
chn.tnaz are of sufficient length to descride the temporal behavior

of radionuclides listed in table 3.1.

2g1even chains were used to scoount for multiple decay
modes. The fraction of a nuclide in a decay chain is determined dy
the dranching fraction for decay wi.ain that chain.
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Table 3.1. Radiomuclids source datas

: Nuclide |Half-11fe" | Infcial Invencory® | Average Beta Energy® | Aversge Gamma Energy®
' (hr) (108 c1) per Disintegration | per Disintegration
l‘ (MaV) !7 (MaV)
©xr-ss  |9.4 x 10° 0.0056 0.251 0.0022
Kr-85u 4.48 0.24 0.226 0.18
Kr-87 1.27 0.47 ' 1.33 0.79
Kr-88 2.8 0.68 0.249 2.2 -
Xe-133 | 127 1.7 0.102 0.03¢°
Ze-133m [ 53.S 0.04 0.0 0.020°
Ie-135 9.17 0.34 0.310 0.26
Xe-135m | 0.27 0.19 0.0 0.53
(\ =131 193 0.85 0.185 0.39
T 1w 2.29 1.2 0.528 2.2
1-133 20.8 1.7 0.417 0.60
I-134 0.877 1.9 0.691 2.6
- 1-135 6.59 1.5 0.394 . 1.5

S¥rom table VII, refersnce QD).
S3ased on references (7) ad (8).

SCorrected for internal conversion (table VI, reference (10)).
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kel 8 = 2% (scable)
=38 8 % A s (stable)
S 8 2a13% (szable)
32 8 132 (atable)
A3 (0.16) ___&° BREL
0,
8‘ - u
133 8 .

1136 8 134 (stable)
I (0.19) [}

135

X.
\ l
x‘133

-"cﬂ

D

3 (stable)

— 31133 (scable)

Based ou data {n refersnce (10).
IT = igomeric transitionm.
Branching ratios in parantheses.

Figure 3.1. BRadioiodine and noble gas decay chains.
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3.2 Ihyroid Dose Conversion Factors for Radioiodine Inhalation
To use the thyroid inhalation dose projection methods discussed

in section 2.2.2 of this Appendix, it is necessary to determine the
appropriats dose conversion factors for the individual radioiodine
isotopes which might be present in air at the point of exposure.

The thyroid inhalaticn dose comversicn factar, DCF, , has been
defined to be equal to the inhalation dose to the thyroid resulting
from the exposure to a unit integrated activity in air of the kth
radiociodine isotope. It may be written as

n tlkik fw(-knt)dt
0

ncrih = 5.92 x 10°

BR fox B (3.1)
[ Xn

s 5.92 x 10°

ncr:h s thyroid inhalation dose conversion factor for the
Kth lodine isotope (rad-m>/Cli-s)

BR = breathing rate (13/1)
r.k s fraction of inhaled activity of the kth
radiociodine isotope which deposits in the thyroid

2 = sass of the thyroid (g)




- I e e

~
Ih ® effective energy absorbed in the thyroid per
disintegracion of the kth radiciodine atom
(Mav/dis) . '
5.92 x 102 = 1.6 x 1073 rad—g/Mev x 3.7 x 10'? dis/e-ci
(rad-g~dis/MeV-s-Ci) -
xn = gffective decay constant of the kth radioiodine
in the thyroid (s~1)
xn = o—-q;:%s- * -2::—:—3-
where:
S ” ouclesr half-life of the kth radioiodine (s) :
Gk * biological half-life in the thyroid of the kth i
radiociodine (g). ;
3.2.1 Dependence of Thyroid Mass and Breathing Rate ou Age J

Since the thyroid mass, as well as sstabolic sctivity, depends
on a person's age, the doge conversion factor csn be expected to be
& function of age, and, to properly evaluats it, the age dapendence
of the paramaters BR, f_, ¥, u, and Ag mast be determioed.

Table 3.2 presents valuss of total body mass, thyroid mass, and
breathing rate as a function of ags. All valuas are based on data
in refarence (11). The values of breathing rats are characteristic
of the "light activity” phase, vhich is greater than the daily
sverage breathing rate, egpecially in the case of a newborn. The
breathing rates of the 5 year old and 15 year old were detarmined by
graphical interpolation on the basis of body mass.
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Table 3.2. Body mass, thyroid mass, and breathing rate
as & function of age

Age Body Mass Thyroid Mass Breathing Rate
-. Years kg g -3 Is
Newborn 3.5 1l 2.5 =05
1 10 1.8 6.9 X~05
5 19 3.6 1.3 2-04‘®
10 13 7.4 2.2 2-04
15 60 12.1 3.2 g-04®
/‘\_
‘-
N Adule 70 16 ~ 3.3 £=04

(‘)Intu-pouud on the basis of body mass.
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3.2.2 Uptaks of Inhaled Radioiodine into the Thyroid
| Thyroidal iodine uptake is dependent to a large exteat on the
! tocal iodine in the diet. The Federation of American Societies for
l - Experimantal Biology prepared s report on "lodine in Poods" for the
Pood and Drug Administration (12). Ia this report, iodine was noted
‘ as coming from diet with a range of 382 to 454 ug I/day; and from
the atmosphere, 5 to 100 ug I/day. The total estimated intaks is
more than twics the recommended daily allowance of 35 to 130 ug
‘ : I/day.
| The reflection of variation in dietary incske of iodine in the
fractional uptake of iodine is well known (13,14,15). The effects
of the changing dietary iodine values have been reflected in the
24~hour thyroid uptake valuas recently reported for iodine=-131
(12,16~-22). The new valuss reported include 21.5% : 62 (18),
12.12 £ 6.12 (19), 192 8% (20), 15.6% * 4.5% (21), 15.4% = 6.82
(;_2), 20.0% £ 6.52 (_22), and 17.42 = (v) 7.22 (y_b_). The average of
these values is 17.32 uptaks.

Karhausen, et al. (23), reviewed the reports in the literature
and compared the 24~hour I-131 uptake values reported in children
from birth to 20 years of age with their own data. The results
support the thesis that from birth to about 1 year of age there is a

reduccion in the thyroid uptake value. At birth, thyroid uptake is
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from 1.3 to 2 times higher than the adult value, but by 1 year of
age it has dropped down to about the adult value (in Karhsusen, et
al. (23), from 40 to 70X uptake at birth down to ~ 30X uptake at !
year of age and older). The particularly high values (60-70%) have
been observed in the first few days after birth (24). 1Il'ia, et al.
(23), found in their review of the literature that after 2 years of
age the thyroid uptaks valus was relatively constant. Wellman,

et al. (26), reported similar findings.

On the basis of this literature survey, the fraction of
ingested radioiodine activity vhich deposits in the thyroid, t'.
is assumed to be 30 percent for individuals less than 1 year old and
17 percent for individuals above the age of 1 year. Since this
valus is based on data for I-131, it should be comservative for the
shortsr lived iodine isotopes. If the fraction of inhaled
radioiodine which reaches the thyroid, £ o’ is assumed to be 75
percent of £ (27), chen £, is equal to 23 percent for
individuals under 1 year of age u?d 13 percent for individuals 1

. : — e

: W, ~ P -
yaar old smd oldur.

3.2.3 Effective Decay Energies of I-131, I-132, I-133, I-134, and
!—!!E xn: E: ong

Nuclei of iodine isotopes I-131 through I-135 all decay by the
emission of beta (8) particles. In general, when a nucleus emits &
beta psrticle, it is left in an excited state and sheds its excess
energy by either emitting a gamma (Y) ray or by intermally

converting am orbital electrom (28).
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Conservatively assuming that the total beta and electron energy .
1s locally sbsorbed in the thyroid, the effective decay energy of )
each radionuclide is the sum of the average beta energy, the energy
of the converted and Auger electrons, and the fraction of emitted -
X=ray and gamma~-ray energy which is absorbed locally in the thyroid. -

Thus, the effective decay energy

!sis-o!.tto (3.2)

E ’
1

vhere:
is s the average beta energy
Eg = the emergy of the converted and Auger electrons
xviseb“corthitaxcn-ny. and
¢4 = the fraction !Yj. which is locally absorbded in the
thyroid. .

For radionuclides which have coaplicated decay schemes,
rigorous calculation of E can become quite tedious. Hemce, an
approximate method of caloulating the effective decay energies of
I-131 through I-135 was developed which, at a substantial savings in
effort, ylelds values of ¥ which are believed to be sufficiently
accurats for accideat dose calculations.
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Table 3.1, in sectiocn 3.1, presents the radicactive half-lives
and aversge beta and gemms energies emitted per disiategratiom by
suclei of I-131 through I-135. The value of E, in table 3.1 {s the
total cransitiocn mtu’ and includes any internal conversion
ensrgy as well as the zverage gamma energy emitted per
disintegration.

In radionuclides under consideration, the process of interual
conversion is relatively unimportant. England, et al. (10) (tables
VI end VII), indicate that in I~131 and I-1353 the intermal
conversion enargy (energy of ejected electrons and associated
z-rays) accounts for only 0.0104 and 0.0236 of the total transitios
energy of the two radionuclides, respectivaly. Conservatively
assuming that all of the internal convarsion ensrgy is imparted to
sjected electrons, the energy of these electrons would account for
only sbout 2 percent of ths sverage I-131 beta energy and
approximately 9 percent of the average I-135 bets energy. Dillmam,
ot al. (28), indicate that the sum of the ut.rgiu of the convertad
and Auger cl.etz.m sccounts for as much as.3 percent of the average
1=-131 beta energy and for about 1 percent of the average I-133 beta
energy. Considering the relative countributions of the five iodine
isotopes in a reactor grm isotopic mixture to the thyroid

3gnergy liberated in transition from s excited state to the
ground stats.
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inbalation dose (figure VI 13-4, reference (])) and the degree of
accuracy required for projecting doses in accident situations,
internal coaversion can clearly be neglected in calculating the
effective decay energies of I-131 through I-135 in the human thyroid.
As indicated in Eq. (3.2), the absorded fraction, ¢, is a
functicn of gamma photon energy. . However, as a first
approximation, ¢ may be taken to be a constant, equal to its value
at the average photon energy, EY’.. Then, the effective decay

energy is -
I-i, . 357 , . (3.3)
where ¢ s ¢(E_ ), and E_sC E .
Y Ty

Values of 'i'Y for I-131 through I-135 are presented below and,

i
except for I-134, were all taken from table I, reference (8). The
value of iY for I-138 was estimated from decay data in table 1,

1
reference (29).
Iodine Isotope 1131  I~132  I-133  I-138  I.13%
T, (Me¥/photon) 0.8 0.79 0.56 0.9 1.5
1
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Values of ¢ as a function of individual age and iodine isotope,
which vere determined by this method, are presented in table 3.3.
Table 3.4 presents the calculated effective disincegration energies
of the five iodine isotopes in the thyroid as a function of age.

The accuracy of this method of calculating effective decay
energies vas tssted by comparing the values of ¥ for I-131 and
1-133, for & five year old, to values of ¥ calculated rigorously
according to Bq. (3.2). The conversion process was fully
considered, decay data in refersnce (28) was used, and values of ¢
as 8 function of thyroid mass snd photon energy were obtained by
graphical interpolation of data in table 22.1, refereace (30).

To within two significant figures, the values of ¥ were found

—_— to be 0.20 MeV and 0.42 for I-131 and I-133, respectively. The

differencas are mainly due to slight discrepancies in decay energies

\_—’v

in references (10) and (28), and to round off errors.

3.2.4 Rffective n.cﬁ Constants of lodine Iso:ogn 1-131 through
I‘I’! L0 L] 10 as a ction O gb ject

Table 3.5 shows the ags dependencs of the effective decay
coastants (X"n) of the five {odine isotopes under comsideration
in the humen thyroid. These values wers calculated using the
muclear decay half-lives in table 3.1 and estimates of bdiological
balf-lives in reference (31).
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!' Table 3.3. Absorbed fractions (¢) in tha thyroid
as a function of ags and iodins isotope
Thyroid
Age Mass Absorbed Fractionm (a) gor
Yaars g I-131 I-132 I-133 I=134 I-135 .
Newborn 1l 0.0048 0.0048 0.0050 0.0047 0.0043
]
b 1 1.8 -0060 -0060 .0062 .0059 .00S4
Laglit o bl R R -
] 3.6 .018 017 .018 .017 .01%
10 7.4 .023 .023 .02S .023 .021
15 12.1 .028 .027 .028 .026 .023 D
Adult 16 .031 .029 031 .029 .026

(8)this information was derived from information in table 22.1,
referance (30). The absorbed fraction for a 1 gram thyroid was obtained
by multiplying the value of ¢ for a 2 gram thyroid by the ratio of cube
roots of the masses. Values of ¢ for specific photon energies and
thyroid masses wers obtained by either choosing the closest values
prassnted in ths rsferencs Or by interpolatica.
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! Table 3.4. Effective decsy energies for I-131 through I-135
! present ia the thyrvid as a function of age
Effective Decay Energy £ (MeV) for
Age
Years 1-131 I-132 I=-133 I-134 I-138
Newborn 0.19 0.54 0.42 0.70 0.40
1l .19 .54 Y ¥) .70 .40
S .19 .36 .63 .74 .42
10 .19 .58 43 .75 .42
a
N 15 .20 .59 63 .76 .43
Adult .20 .59 b .77 43
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Tabla 3.5 [Effective decay constants of I-131 through I-135
in the human thyroid as a function of age

Effective Decay Coustant (s )

!:::: I-131 I-132 1-133 I-134 I-135
Hcvb;:tn 1.4E-06 8.5B~05 9.7E-06 2.2E-04 3.0E-03
1 1.38-06 8.5E-05 9.5E-06 2.28-04 3.0B-0S
5 1.3E-06 8.5E-05 9.58-06 2.2E-04 3.0E-05
10 1.12-06 8.4R-05 9.4E-06 2.2E-04 2.92-05
13 1.1E-06 8.48-05 9.4E-06 2.2E-04 2.98-03
Adult 1.1E-06 8.4B-05 9.3E-06 2.2E-04 2.92-035
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3.2.3 Dependence of ‘rhy_roid Dose_Conversion Factor om Age

The age dapendent thyroid dose conversion factors for iodine
isocopas I-131 through 1-135 have been calcu.ated according to
Bqg. (3.1) end are presented in table 3.6. The age group which would
receive the greatest thyroid inhalation dose from an exposurs to a
given radioiodine activity concentration in air appears to be
comprised of newborn babies whose dose conversion factor is from 1.6
to 2 times greater than the dose conversion factor for adults.

Table 3.6 also indicates that the varistion of the dose conversion
factor with age is rather small, especially below to the age of 10
yesrs.

As in ths csee of vhole body gamma dose calculatioms, it is
assumed that the thyroid dose equivalent in rems is equal to the
sbgorbed dose in rads.

4.0 Results

Table 4.1 presents the combined core and contsinment inventory,
‘k(t)' of noble gases and halogens as a function of time after
shutdown. The containment leakage rate is assumed to be saro, and
thus, tha dacrease of ths radiociodine amd noble gas inventories with
tims is due onmly to radiosctive decay.

Based on data ip table 4.1, table 4.2 presencs the ratio of
iodins to noble ges inventory in the containment as s function of
time sfter shutdown and the iodine release fraction. Assming a
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Tabla 3.6. Thyroid dose conversion factor
as & function of age and iodine isotope

Inhalation Dose Per Unit Activity Exposute,

rads
_ Age Ci-sec
Years
I-121 I=-132 I-133 I-134 I-1338
Newborn 430 22 150 n 63
1 430 19 130 9.7 39
5 400 18 130 9.4 39
10 400 16 110 1.7 3
15 k1. 1] 14 93 7.0 30
Adule 290 11 76 5.6 3
Maxisum Age Group 450 - 22 150 u 45
Newborn
Ratio of Maximm 1.6 2.0 2.0 2.0 2.0

Ags Group to Adult
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i Table 4.1, BNoble gas and f{odine inventory in the resctor cors
§ and coutainmant as & function of time®
Tima After Total Iodine Total Noble Gas
Shutdown Invencory Inoventory
(hx) (108 cy) (108 ¢1)
°.° 7’2 3!7
1.0 $.6 3.4
2.0 4.7 3.2
3.0 4.1 3.0
N
‘o 4.0 3.8 2.9
6.0 3.2 2.8

%3esed on the shutdown equilibrium cors inventory of a typical
1,000 We (3,200 Mit) power rsactor and zaro containwent laakage rata.
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radicouclide independent containment leskage rate and X/Q, this
would alsc be the ratio of iodine to noble gas release rates and
concentrations in d.r.u The release fraction of nodle gases is
taken to be equal to one. Because of their similar chemical
properties, all iodine isotopes are assumed to have equal release
fractions.

The values in table 4.2 indicate that the ratio of total
iodines to noble gases varies from approximately 2 at shutdown to 1
at 12 bours. At an iodine relesse fraction equal to 0.25,
corresponding to a design basis accident (4,5), this ratio varies
1‘;-01 approxisately 0.5 to 0.25 over the 12-hour period after
shutdownm.

8.1 Whole Body Dose

Table 4.3 preasents the ratio of the semi-infinite cloud gamma
dose rate to the noble gas concentration (BGC;) as a function of
tine after shutdown cslculated in accordance with the methods
presented in section 2.2.1 of this Appendix. Since they are highly
volatile, noble gases resulting from decay of the core equilibrium

831though a particular iodine fraction may be released to
containment, depositicon of the iodines on surfaces and the operation
of any engineered safeguards to reduce the airbdorne concentrations
in containment would reduce the fraction of radiciodines released to
the envircnment. These factors will influence the correction
factors regarding the iodine to noble gas aotivity ratio as
discussed later.
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Table 4.3. Ratio of nabls gas gamma dose rate to noble gas concentratiom,
RGC3, a8 s function of time after shutdown

20c3

i Tima after Shutdowm rem/hr

(hr) ci/s
| 0 5.32402
f 1.5 5.02+02
|
| 2.5 4.32402
x -
: | 3.5 3.72402
4.5 3.18+02
6.5 2.38+02
12.5 1.28+02
D—dd
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inventory of radiociodines are assumed to contribute to the noble gas
source tera, and the gamma dose rate also includes a coaponent from
Ab-88, which is a daughter product of Kr-88. Also, the time units

um:unmmurmmuumm.

FURUUPRRRES.

Figure 4.1 (figure 5.1 of Chapter 5) presents a graph of the
projected whole body gamma dose a3 a function of gamsa dose rate in

air and the projected duration of exposure. The projected whole
body dose i3 simply the result of sultiplying the gamma dose rate in
air by the projected exposure duration. The projected exposure
duration i3 in hours, and the gamma dose rate is in area/hr

(10"3 rea/hr). The ordinate on the right, noble gas concentration

in air, was added by assuming a gamma dose rates to noble gas
2 rea/hr

concentration ratio of 3.1 x 10 —-3— This particular value was
Ci/m
N calculated to correspond to radionuclide mixtures that would exist
N~ at 8.5 hours after reactor shutdown, as indicated in table .3, PFor

shutdown times greater than 4.5 bours, this choice of nec; for

noble gases will tend to overestimate the gamma dose rate relative
to noble gas concentration. Ip i stances of long decay periods
where only the long lived nodle gases remain, equation 2.7 and the
SAEEA decsy energies listed in table 3.1 may be used to calculate
dose rate more acourately than those in figure §.1.
8.2 Inyroid Doge

The ratic of the thyroid inhalation dose to the total
radioiodine concentratica in air, (RIC), caloulated by methods
presented in section 2.2.2 of this Appendix, is given in table 4.4
as s function of time after shutdown at which exposure degins, t‘,

D=k3
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ad the ishalation exposure duration, ¢t . The time t_ is the

sum of the time after shutdown at which releass occurs and the plume
travel time. The projected exposurs duration would be determined by
the fumctional status of th; esuginsered safecy systems or the wind
direction persistence st the time of the accident. It is assumed
that monitoring personnel would be able to reach the projected
exposures point such that enviroomental messurements cculd be taken
within approximately 0.5 hours after plume srrival. A change in the
time of messsurssent, L of 0.5 hours was found to change RIC by

at most 10 percent at t_ equal to 1 hour and by 2 percemt at t_
equal to 12 hours.

Table 4.3 presents the vslues of radioiodine concentratiom in
air which would deliver & 5 rem thyroid inhalacion dose to s aswborn
baby (critical age group) as a function of inhalation time and six
different times after shutdown vhen the exposurs is assumed to be
started. These valuas ware obtained by dividing 5 rem by the ratie
of projected thyroid dose to radiciodine concentratiom, RIC, and are
plotted in figure 4.2.

As would be expected, the concentration of radioiodines
required to deliver a 5 rem thyroid dose decreases with increase in
time after shutdown since the short-lived isotopes decay, and only
the long-lived isotopes I~131 and 1-133 (with large doss couversiom

factors) remain in the radioiodine mixturs.
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axposure begins, t,- i
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Given a knowledge of the time after reactor shutdown st which
exposure begins and the projected inhalation ?criod, figure 4.2 may
be used to determine the radioiodine concentration which would
deliver a 5 rem dose to the thyroid by liﬁply locating the ordinate
of the appropriate t. line at the projected inhalation time Ce
For ary different thyroid dose the iodine concentration can be
scaled linearly. PFor example, if the plume arrival time at & given
location were about 4 hours and the projected exposurs time were
also & hours, the radiociodine concentration which would deliver a §
rem thyroid inhalation dose to a child would be equal to
approximately 2 x 10-6 t‘.':’./rn3 of air.

Figure 4.2 can also be used to project thyroid doses based on
radioiodine concentrations estimated from containment release rate
and meteorological conditions at the time of the accident. Howevar,
figure 4.2 should not be used to project inhalation doses from

single iodine isotopes because in its derivation a five component

~ = andPusutggof radioiodines has been assumed. For that purpose, the

dose conversion factors listed in table 3.6 may be used (multiplied
by 3.6 x 107 o convert units of time from seconds to hours).
Similarly, figure 4.2 would not be suitable for projecting thyroid
dose if the release occurred from a reactor that had been shut dowm
for a period such that the shorter—-lived isotopes of iodine had
decayed. 1In such a case, the dose conversion factor for iodine-131

from table 3.6 would be more appropriate.
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The ratio of iodine concentration to the semi-infinice cloud
gamma dose rate from iodines and noble gases, RIC™, which was
discussed in section 2.2.2, is presented in table 4.6 as a function
of time after reactor shutdowmn and iodine release fraction. The
increase of RIG® with time is due to the decay of the short-lived
but energetic (in gamma energy) Kr-88, I-132, and I-134.

The values in table 4.6 indicate that the ratioc of iodine
concentration to semi-infinite cloud gamma dose rate from both noble
gases and iodines varies from approximately 6 x 1‘)'6 at shutdown
to 1.3 x 10.3 at 12.3 hours. For an iodine release fractiom equal
to 0.25, this ratio varies from approximately 4 x 10" to
9 x-lo“ over a 12.5 hour period after shutdown.

Figure 4.3 presents s graph of projected thyroid dose as a
function of the projected time period of exposure and either the
radioiodine concentration or the gamma dose rate in air. The
relationship between thyroid dose and radioiodine comcentration wvas
established by selecting the 5 rem line from figure 4.2 which
corresponds to a & hour period after reactor shutdown at which
exposurs is assumed to begin. This line was chosen because over an
inhalation period of 12 hours, all the other lines are within a 2 33
percant range of the 4 hour line. For different thyroid doses, the

iodine concentration has been scaied linearly. For concentration
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usasurements made less than & hours after reactor shutdown, figure
4.3 vill slightly oversstimate the thyroid dose; and for
ssasurements made more :.hnn 4 hours after reactor shutdown, the dose
will be underestimated. PFigure 4.4 .providu an {indication of the
error involved. The ordinate of this figure provides a correction
factor.

Bacause of shifts in wind direction, it is unlikely that
thyroid inhalation doses would be projected for time pariods beyond
the range considered in table 4.3. However, for those instancas
vhen that range might be exceeded, the lines have been extended from
0.1 to 30 hours ia figure 4.3.

The adult thyroid inhalation doses which have been indicated in
figure 4.3 have been obtained by dividing the newbora infant doses
by a factor of two, in accordance with discuasion in sectiom 3.2.5
of this Appendix. The use of the same factor for I-131 as for the
other iodine isotopes (ses table 3.6) introduces an error in the
adult dose of at most 25 percent, which is well within the
uncertainty range of the overall dose projection methed.

As discussed previously, the iodine release fraction would
dapend on the functional status of the engineered safety systeas,
snd significanc fractions of the core inventory of rsdioiodines
wvould be expected to be released to the environment oaly in the most

severs types of accidents. However, if, for the purposs of
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analysis, & 0.25 jodine release fraction is uu-ds. then table
4.6 indicates that over a time period of 12.5 hours after reactor
shutdown the ratio of iodine concentration to cloud gamma dose rate
is equal to 6 x 10-‘ ¢ 350 percent (-?‘a/';-:-) This ratio hag been
used to establish the fumctionsl dependence of thyroid inhalation
dose on the gamms axposure rate in air, in mrem/hr, as indicated in
figure 4.3.

Since the rqla:imhip betveen gammsa exposure rate in air and
thyroid inhalatico dose in figure 4.3 is based on the semi-infinite
cloud assumption, the use of gamma exposure rats from a fianite cloud
to estimate thyroid dose by means of figure 4.3 will tend to

/- underestimate the thyroid dose. To compensate for this effect, the

- measured cloud gmmma exposure rate should be sultiplied by the

finits plume corrsction factor plotted in figure 4.5 befors being

applied in figure 4.3 to estimate projected thyroid dose. This .
factor, which has been plotted as a function of distance from

reactor and atmospharic stability class, 'ia cwg -_3‘ g:,:':g of _ Nl -t
gauma exposurs rate frow an infinite cloud to that from s finite

cloud, as discussed in section 2.2.3 of this Appendix. The finite

cloud correction factor may also be used to reduce the whole body

gamma dose from a given noble gas concentration which has been

SThese assumptions are in agreement with AEC guidamce (4,5)
on sssumptions that mey be used in evaluating the radiological
ccn:oqmeu of sn accident at a light water cooled nuclesr power
facilicy.
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estimated by means of figure 4.1. To do this, the estimated whole
body dose should be divided by the finite cloud ~orrection fastor.
Obviously, whole body dose projections based on measurements of
gamns exposure rate in air should not be modified.

In the development of figure 4.3, the iodine release fraction
was assumed to be 0.25, and the noble gas release fraction was
assused to be 1.0. This corresponds to an iodine to noble gas ratio
of about 0.3.

For acoidents in which the iodine release fraction or the
iodine to noble gas ratio is known to be different from that which
has been assumed in preparation of figure 3.3, a second
nultiplicative correction factor oould be used to correct the
thyroid inhalation doses projected on the basis of measureaents of
gamm dose rate in air and figure 4.3. This correction factor has
been plotted in figure 4.6 as a function of the ratio of iodine to
noble gas uuuuus. and has been obtained by dividing the ratio
of iodine concentration to gamma dose rate at iodine release
fraction equal to 0.25 by the ratio of iodine concentration to gamma
dose rate at other iodine release fracticns. The iodine release
Mutuwminbyatmtamc?cmunlz.!m
time pericd after reactor shutdown, and its value at 4.5 hours has
bdeen selected for figure 4.6.

Srable 4.2 indicates that over a 12.5 hour period after
reactor shutdown, the iodine to nodle gas activity ratio = 1.3 x
iodine release fraction.
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5.0 Accuracy of Dose Proicction Methods

! The calculational methods that have been presented are intended
C for use in estimating projected population dose from exposure to the
. plume. These dose projections would be needed very quickly

following collection of the data on which che calculations would be
i based. Therefore, numerous assumptions have been made to reduce the

' naed for collection of different types of data, and with each
assumption, the potential exists for introductiom of error. Several
correction factor curves have been provided to reduce the error for

cases whare dats might be available to determine these factors.

In addition to errors associated with calculational

assumptions, there is a potential for major errors in the data used

)

as a basis for the calculations. Both types of errors asre

considered.

5.1 Calculational Errors Associated with Release Rate Assumptions
It has been sssumed that the release will be continuous and at

% a constant rtate. No calculational error would result from this

assumption if the relesse actually occurred in this manner.

However, there are an infinite number of release rate

charscteristics that could oceur. This iantroduces a potential error

in the input data which will be discussed later.




8.2 Calculational Errors Associated with As tions on Release T
mncﬂuoa

Methods have been provided for projecting dose to both the - )
thyroid and to the whole dody based on two different types of data. -
One type of data would be gross airborne concentrations, and the
other would be gamma exposure rate measurements. Data on
concentration could be from either eavironmental messurements or
from calculations based on release rates, distance, metsorological
conditions, and windspoﬁ; - ~

5.2.1 Errors in Whole Body Dose
If whole body dose projections are based on gamms exposure rats

SR ot T

measurements, the only assumption affecting calculational error

would be that of setting exposure rate equal to dose rate, which is

conservative, by a factor of about 1.33. D
If the exposure rats is based on noble gas concentrations, a

possible caloulational error factor of :.6 over a time period of 1

to 12.5 hours after shutdown may be encountered decause of changes

in the composition of the plume resulting from depletion of the

shorter-lived isotopes from radicactive decay.
The whole body gamms exposure rate associated with an airbdorne

concentration of noble gsses and iodines as shown in figure 4.3 wvas 1

provided to permit the use of gamua exposure rate aeasurements to °

estimate projected thyroid dose from inhalation of radiociodines. It

was not intended for estimating gamea exposure rate froa gross
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concentration measurements or calculations. However, by appropriate
use of correction factors provided in figures 4.4, 4.5, and 4.6, one
could estimste erposure rate from gross concentration data. The
error associated with the calculations would be primarily associated
vith the sccuracy of the data used to obtain correction factors and
oot with assumptions regarding mixtures of iodines and noble gases
in the relesse.

An sdditional congsideration for whole body dose would be the
contribution from particulste materials. Based on informatiom in
raference (32), airborne particulate materials would comtribute
about 20 percent of the extarnal dose from the plume with the
remaining being contributed by iodines and noble gases. This could
cause the vhole body dose projections based on concentrations of
iodines and noble gases in air to be about 20 percent low.

5.2.2 Zrrors in Thyroid Dose

Two methods of projecting thyroid inhalation dose are
provided. One method uses gross iodine concentration as a basis,
and the other uses gamma exposure race data as a basis.

The relative abundancs of the di!!crt_u isotopes of iadine
changes as & function of time after shutdowmn which changes the dose
conversion factor. If the correctiom factor curves are used to
corract this ervor, thare should not be significant error associated

with changing characteristics dus to decay of short=lived isotopes

‘W‘...__._..._




prior to start of exposure. However, a gap release as opposed to a
core melt relesse could cause the iodine mix to have a relative 4

concentration of iodine=131 highar than assumed due to the decay of .

short~lived isotopes during the process of lesaching from the fuel
pellets to the gaps. This could cause thyroid dose projections from
gap releases to be underestimated by a maximum of about 30 percent.

The use of gamms exposure rate messuremsnts to project thyroid

dose requires assumptions regarding the characteristics of the
! ) release, and if the characteristics are different than assumed, the
_tuulci.ng dose estimates could include large errors. This would not

be the prefarred data base for estimating thyroid dose but could be

used if iodioe concentration dats were anot available. To reduce tke
error involved, correction factor charts for isotopic composition
have been included as figures 4./ wnd 4.6, 1f data ars available to
permit decermination of these correction factors, the only
significant ervors should be a possible 30 percent underestimate
associated with & gap relesse as discussed above and & posiible 20
parcent overestimace from particulate material contribution to gamma
exposure rata.
5.3 Errors Associated with Input Data

Data will ve collected under pressure of emergency conditionms,
and the associatsd errors may severely affect the accuracy of dose

projection. Errors csused by inaccurate data relacing to (1)




eavironmental levels as s function of time, (2) the duration of
exposure, or (3) the radiological characteristics of the release

could seriocualy affect che dose projection results. Additiomal

- errors can be associated with information on windspeed and

direction, atmospheric stability, precipitation, and with
interpretation of instrumentation readings.
3.3.1 Duration of Exposure

To project dose based on concentrations or expcsure rates, it
is always necessary to know the duration of exposure. It has been
assumed for purposes of these calculations that this parameter will
be knowu, when in fact the duration might range from a valus of zero
due to errors in wind direction data or to a value equal to the
duration of relesse if wind directiom is persistent in the predicted
direction. The resulting error in the projected dose could be
esither positive or negative and would be proportional to the error
ia the estimated duration except as affected by the changes in
coucentration as a funetion of time. It is not possidle to put
bounds ot this sourcs of error.
5.3.2 Errors in Relesse Rate Data

The release rate could have aany different characteristics due
to pressure transients caused by changes in the core conditioms,
operation of engineered safeguards, or changes in containment
integrity. Thess conditions could introduce one or mors orders of

magnitude errors in the projected dose depending on whether the data




forming the basis for dose projection were obtained from a high or
low point in the transient. This error could be reduced by frequent

updating of data.

5.3.3 Errors in Data on Release Characteristics
1f gamma dose rates are used to estimate projected thyroid ;
inhalation doses, .orrection factor curves are provided which

utilize the relative amounts of iodines and noble gases in the

relesse. If the data are not available to permit use of these
correction factors. errors could be introduced in projected thyroid
doses ranging from a factor of 2 too low to a factor of 100 or more
too high.

3.3.4 Errors in Environmental Measurements and Information

fnvirommental information would include gamme -adiationm .::>
exposure rate, airborne concentrations of rzdicactive material,
atmospheric stabilicy class, windspeed, and predicted meteorological
conditions.

Measurements of exposure rates and coacencrations would be
representative of a particular location at & particular time, and
they may not represent either the average or maximum conditions at
chat locacion. Lavels at a particular locacion will change as a

function of time depending on wind direction stability, localized

dispersion conditions, and fluctuations in release rats. No limits
can be assigned to the errors sssociated with such measurements, but

they could easily vary over 1 or more orders of magnitude.
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5.4 Summary

A summary of the potential errors associated with dose
projection methods presented here is provided in table 5.1. The
potential error factors are values that could be divided into the
calculated dose to get the true dose. Due to the many unknowms
associated with input data and informatiom, it is not possible to
assign limits to the potential errors. However, it is apparemt that
the potential errors associated with inaccurate input data overvhelm
those associsted with calculational assumptions, and thersfore,

further refinement of assumptions does not appear to be necessary.

et e i o o e+ ot




Table S.1. Estimated errors associated with dose calculation methods

Calculational Assumptions Input Data
Assumption Potential Type of Data Potential
Erver Error
Factor Pactor
Whole dody dose rate 1.33 Duration of exposure unknown
equals exposure rate . estizates ,
Whole body dose rate £0.62 Release rate 0.1 t0 10
from noble gas more or less
concentration is not a
function of the mixture Releass characteristics .5 to 100
over a 1 to 12 hr period more or less
Whole body dose rate 1 to 0.8 Environmental 0.01 to 100
from mixture of noble measurements and more or less
gases and iodines is not information
influenced by
particulates in the
plune
Thyroid dose will not 1 to 0.7

be influenced by a
concentration enriched
in I-131

8The use of these projection methods for noble gases which had decayed
for weeks to months (as might be the case for accidental releases f{rom waste

gas decay tanks) could cause overestimates of the whole body dose by a factor
of 10 or more.
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