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' smunulbhas bees prepared to provide practical guidance

to State, local, and other officials on criteria to use, In planning

protective actions for rdogiaeegecies that could present

a hazard to the public. The guidance presented here is not Intended

as a substitute for, or an addemdum to, a State radiological gmargency

repneplan. It is intended only to provide informstion for use

iu the development of such a plan.

In conf ormance with a Pederal Register notice of interagency

responsibilities for nuclear incident response, planning dated

January 17, 1973, VI s responsible for (1) establismet of pro-

tective action guidelines, (2) rec-- ndtions as to appropriate

C protective actions, (3) assistance to State agencies in the develop-

set of emergency response plans, and (4) establishment of radiatioi

deuw~mo and measurement syst. This document Is intended to he

responsive to these assigned responsbiltis.

The manal Is organized to provide first, a general diUmsciaUo

of Protective Action Gulden and their use In planning for the SapleMen-

tation of protective actions to protect the public. This is followed

by chapters daling- with Protective Action, Quides for specific wqPure

pathways ad time periods. The application of Protective Action Guides

* sad protective actions Is discussed separately for various categories

* of source terms. Support Information that has not been previously

published Is provided as appendices.
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CHAPTUR 1

VPerspectives for Protective Action

1.0 wnroduction

In smrgency preparedness plnning for a nclear Incident with

potential for exposing the general public to harmful radiaton

public health officials require criteria to determine the seed for

protective actions and for choosing appropiate protective actions.

EPA is responsible for providing these criteria and for assisting

the States in preparing smrency response plans to impienent these

crtria.

After a nuclear Incident occurs, an stimate Is mdc of theC radiation dose which affected population groups my potentially receive.

This dose estimate is called the projected do**. A protective action

Is an action taken to avoid or reduce this projected dose when the

benefits derived from such action are sufficient to off set any

undesirable features of the protective action. The Protective Action

Guide (VAG) Is the projected does to Individuals In the population

which warrants taking protective ation.

A Protective Action Guide under no cetesaems implies an

acceptable dose. Simce the PAC In based on a projected does, It is

used only In an expost facto effort to minmisea the risk from an

swest which is occurring or bee alreody occurred.

J.



Exposures to populations from an Incident my well be above -

acceptable levels, In an absolute sae. Rowever, salcs the event

has occurred, ?Arms shouldA be Implated to ameiorate the Impact

on already exposed or yet-to-be exposed populations.

On this basis theue Is no direct relationship between acceptable

levels of societal risk and Protective Action Guides. PAGe balance

risks and costs against the benefits obtained from protective action,

assmin tat heprojected threat will transpire. The responses

me"a In a given situation should be baed on PAGe and the spectrum

of possible protective actions available at that time.

1.1 The Need for Planning

Within the general framework of providing manisom health protec-

tion for an endangered public, the public official charged with re-

sponse to a hazardous situation my be faced with a n~rof decisions II
which mus be made In a short time. A numer of possible alternatives

for action may be available, but the Information needed to select the

optimon alternative my not be available. In those situations where

a public official most rapidly select the best of several alternatives,

It Is helpful if the numer of decliio points can be reduced during

the accident response, pli ng phase.

The efforts of planning activities can usually be based on the

need for Imdiate response. Therefore, the objective is to minimize

the n~rOf Possible VGsponAs so that resources are expanded only

on viable alternatives In smergency situations. Dluring planning It

is possible to assess value Judgments an determine which steps In

1.2
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response are not required, which steps can be answered on the basis

of prior judgments, and which remain to be decided in en actual

mergency. Prom this exercise, it is then possible to devise a

set or several sets of operational plans which can be called out to

answer the spectrum of hazardous situations which my develop.

In the case of an accideat at a nuclear reactor, a hazardous

situation could develop which my have public health Implications

over a large are with diverse populations and population densities.

Probably little tIm wi be available to aske decisions. The

availability of "action guides" based on advance planning will facili-

tate rational decisions In emegency situations. During the planning

stage, the responsible public official must consider the total range

of possible release scenarios and consider in each what goals are

Cachievable keeping In mind both fiscal and societal costs. Because

of this knowledge of local conditions, he will be aware of any con-

stralnts which may restrict his scope of response, such as specific

Industries, Institutions, traffic patterns, etc. Re wil then be able

to select the optimm response for each situation.

1.2 Nture of Protective Action Guides. Protective Action. end Restorative
Action

Protective Action Guides are the n cal projected doses which

act as trigger points to initiate protective action.

PiA. must be provided for three broad pathways of radiation

exposure

(1) Uxposure from airborne radioactive releases. This type of

eoure could occur within a short period following an

- .1.3



Incident as a result of Inhalation of radioactive materials

or frm external vihol body exposure.

(2) xposure through the food chain. This exposure will be

from ingestion of contaminated foodstuff and water. It

may comence shortly after the passage of airborne radio-

active materials and may continue for a long or short

time depending on the Iadionclides involved.

(3) Exposure from radioactive materials deposited on the ground.

Rare we are deeling with a change in background radiation

levels, and exposure pathways may Include inhalation,

Ingestion, and external whole body exposures.

Differ nt PAGe must be developed for each pathway of exposure

since different criteria of risk, cost, and benefit are involved.

Each exposure patway would Involve different sets of protective or .1)
restorative actions a Indicated in table 1.1. Each action listed

app4 to the general population except for prophylais., respiratory

protection, and protective clothing. These actions would prmarily

apply to meargency workers.

Upoeure to the airborne plium is related to the duration of a

releas Into the atmosphere. lbIle release durations as long as

30 days or mare are theoretically possible, for imargency purposes.

release durations of a few houts up to a few days are =ote realistic.

Protective action to be takes for this pathway my Include my or all

of the followings:

1.4
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()evacuation,

(2) respiratory protection,

(3) shelter,

(4) prophylaxis (thyroid protection), and

(5) controlled access.

Rstorative actions would then Include:

(1) reentry first by survey and decontamination teams,

(2) raival of respiratory protection,

(3) exit from shelters,

(4) stopping prophylactic measures, and

(5) allowing free access by the population.

,Eposure through the food chain may be either short term or

chronic depending on the characteristics and half-lives of the

radionuclides involved. Control of this pathway of exposure would

be by:

(1) control of access to contaonated animml feeds,

(2) decontamination of certain foodstuffs,

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

radionucLides, and

(4) destruction of cont=nated foods.

Exposure from mterials deposited on the ground might also be

either short tem or chronic depending on the asdinucides involved.

Protective actions would Include:

1.6
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(1) evacuation, and

(2) controlled access.

Since the pobl: for ground contamination involves an . srease

in background levels, denil 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 conminated ares within

a short time. Restorative actions would be reentry, deconamination,

and lifting of controls.

The PAG 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 protective

actions during an mrgency. The lose of flexibility in response is

expected to be within the Limits of accuracy of datemining the

Cfactors involved. The loss of flexibility Is also offset by the

advantage of being able to respond to the imediacy of the risks In

the case of an mergency.

The rane of PAC values allows consideration for local coanstraInts

during planning for implmentation. PAC& should be assigned for each

site to assure that local constraints are properly introduced.

1.3 Protective AStion Decision Makft

A nuclear incident as defined herein refers to a series of events

leading to the release of radioactive materials into the euvironment of

sufficient magnitude to warrant consideration of protective actions.

Protective actions are those actions taken following a nuclear inJAmet

1.7



that are Intended to minimise the radiation exposure of the general

public resulting from Incidents.

The decision to initiate a protective action my be a complex

process with the benef its of taking the action being weighed against

the risks and consttaints involved. In taking the action. In addition,

the decision will Likely be made under difficult smrgency conditions,

probably with little detailed Informtion available. Therefore,

considerable plannig is necessary to reduce to inagesble levels the

~5~4Linsl~Iag~44v epne to protect the

public In the event of a nuclear Incids.

1.3.1 Action Factors

Within the context of nuclear Incidents, a vide variety of

possible situatione my develop. Some pezspeci- of the ses of ane

responsible planning officer can be shown In a brief description, of

the factors involved. Basically, the officer -et balance problem

involving Identification of the magnitude of the release, possible

pathways to the population at risk, how such ties is available to take

action, what action to take, and what the effects might be.

1.3.2 Incident Determinations

The first problem to arise will be that of Identifying the type of

incident and the magnitude of the release. Nuclear Incidents my be

extromely variable end my range from very mal releases bavingm

Masurable -onequnes@ offaito to large scale releass possibly

Involving large populations and areas. Responses et be appropriate

to the incident reported.

...



One of the variables will be the source term, which refers to

the characteristics and release rate of the radioactive material.

The aiounts and types of radionuclides available for release should

be Imediately calculable by site personnel. What is actually being

released to the environment can be estimated but may not be conf ired

for some time after the incident.

The magnitude and duration of the release may be estimated by

site personel from plant conditions or from knowledge of the type

of Incident that has occurred. Rowever, the estimate my be highly

uncertai and must be updated on the basis of onsite and offslte

monitoring observations and operational status of engineered safeguards.

If source term Information is not available Imediately, default

values should be available from planning efforts. These values could

be based on accident scenarios from VS-1400 (1), design basis &ccl-

dents evaluated In the IMC safety evaluation report for individual

facilities, or other scenarios appropriate for a specific facility.

The second major variable will be where the released material Is

expected to go. Meteorology and geography will affect this variable.

Current meteorological conditions can be observed directly at the mite

and relevant locations. lowever, complete meteorological data will

nvewr be available, and extenion of observed data must be made to

predict the course of released material.

Current weasther conditions my restrict the options for response,

e.g., evacuation In a blizard my be reduced or impossible. Vesther

1.9



forecasts have all of the inherent uncertainty of the current condition

estimates since they ame derived from these.

Geography Is Important both In its Influence on meteorology and

on damgraphy and in Its Influence on value judgmnts to be made.

The planning for a coastal site or a river valley site may be differn

due to road patterns and methods for cmicating; or applying protec-

tive actions.

DoMography In a variable to be considered during the planing

stage. Demography In of met Importance in helping to assess the

possible Impact of an Incident. Population nuners, age distribution,

distribution within an area, ae., will have some influence on responses

available In any situation.

Providing for the ability to detect sad measure a release are

Important factors for planin. Although it may be possible to detect j)
releases and measure release rates at the site, information frominimutrm-

mental measurements will be needed to confirm amy estimates made on the

basis of onsite mesrats.* Detection and measurnt at locations

offsite are necessary to update and/or confirm predictions about the

movement of the release In the enviroment. Locations for Installed

equipment most be planned, probably an the basin of average area

meteorology. Instrumentation needs are discussed In more detail In

Appendix A.

The source term, meteorology, and geography parameeters are

utilized In aking a prediction of the path and time profile for the



release. This prediction, in combination with demgraphy data, will

be used to select the beat responses for the situation. The most

reasonable approach Is to plat path ad tIme profiles (Isopleths)

for unit release situations ad then to modify them as real data

art obtained.

1.3.3 Ezvosure Pathways

The next decision after the determination of an accideet situa-

tion will probably concern identification of Important pathwys of

radionuclides to the population. txposure pathwys of Ismd~e

importance and the time available to interrupt them amn be decided

to a large extent on the basis of planing Judmets.

The single most Importnt pathwy during the emargesey phase

is probably by air. The air pathway will be via Inhalation of

either pass or particulates and whole body extposure to the plae.

Released gases will be either radioactive noble gases, organic

iodides, inorganic iodides, or volatile Inorganic materials. Par-

ticles wil~l probably form by the condensation of vaporized material.

Water Is a pathway for exposure by Ingestion or Immersion. Re-

leased material my enter the water diretly or in the forms of fallout

or rainout followed by surface rinff * The Immersion pathwy of

exposure is unlikely to have significance swept In very speciallsed

circustances. Ingestion of water Is probably only a uinor pathway

1.11



of posure In the short rm. Hover, the gastzointstial spstm

st e considered for longer term Ingestion of cou e drmnk tg

'Ingeti on of food Is in lzpot.t sposure patbway. Romove,

vwith the posible exception of drinking; water, mlk, and contamitnated

leafveebes, entry of releaed uate.-as Ino food and pasg

along this pathwmy Is delayed. Identification of sensitive points

for control should be uSde during planning.

Qharactuizsation of release materials involved in air, water,

and food pathways will not be done for some time after an accident.

The initial decisions will have to be made on the basis of estimates

developed Lu p.imeng and modified as real information becomes

Direct exerml whole body radlation posue my be a hazard.

Rltea~sed usterl, deposited In, soil or water or suspended in af and

material, still at the site serve as sources of direct radiatio, mostly

by gamma end beta radiations. Although euposure rate may be measured

directly at specific looations, the d1stributi mat be estimted and

the estmuates updated on the basis of monitoring data. Fairly complete

monitoring will be needed during Ampiementatis of restorative actions.

Soil contnation, In addition to providing part of the direct

tle body ex suroe , also provides a c-onition to the air pathmay.

Released material deposited on soil can be resuspended, thus possibly

1.12



* ( . entering the aix, water, and food patkeays. Evaluation of these

hazards will be particularly Inportant In deciding appropriate

actions duinig the restoration phase, a.$.,* level of decontamination

* needed.

1.3.4 Paoulations at Risk

The nazt consideration of importance to the responsible official

is what population Is to be protected. Prior Jdgmt and planning

based on the geography and demography of the area &round the site

and on critical pathways are essential to identifying populations

at greatest risk.

The average population Is mas up of persons with varying

sensitivities to radiation expsure, and responses my be keyed to

the most sensitive, or reepomes my be restricted, depending on

characteristics of the local population.

(1) ?or purposes of response Planiug. the gssal populatem

will be evaluated on the basis of risk to Individuals wthla

the population, usually an the basis of evoidIag cllmical

effects. Noiever, the population as a viola will also be

considered in plamm4 a me responses on the basis of

statistical risk of sinatic and/or Smt"c effects.

(2) Sensitive populations my be osidered on a special. boda.

Cbildre, incluing the fetus end emer chIldren, are

generally am sensitive then healthy adults. For this

reeson, such uesOf the poPUlatIon mIy be Dslect

1.13



either as the neost sensitive receptors or as a special

grou for protection.

(3) Selected populations will also be present. These

populations my be selected on voluntary or involentary

bae". Workers at a nclear facility wre classified

as radiation workers end fall under different criteria for

protection tham the general population. Those persons .who

are engaged in public service activities during or after

the accident are volutarily placing themselves vioder

diff erent criteria for protection than the general popula-

tion. Finally, some persons are Lvolutarily included

nder different criteria because the risk of takin action

Is different than for the general population. This

Involuntarily selected population may include bedriddenj)

and critically ll patients, patients in Intensive cr

units, prisoners, ae.

L.3.5 Radiation Effects

A final parineter which mst be considered is radiation effects.

These my fall Into two categories, early or dlayed, but are mt

mitneLLY amsive.

(1) Early (aute) effects, occurring withi" 90 days, my Include

fatalities, @,opt of radiation sickness, or clinically

detectable cages. Efforts to protect selected populatli

will extend to prevention of fatalities, miiialnof

1.14



symptoms of radiation sicimes In radiation workers and

public service personnel, and prevention of clinically

detectable 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 Ininence

of such effects. Hovever, they must be made rapidly under

conditions of competing needs to protect the public.

(2) Delayed statistical effects (i.e., biological effects which

can oay be observed on a statistical basis) will occur

at random in a population after ezposure to released

materials. These effects my be fatalities or disabilities

of somatic or Senetic origin. The incidence of these

effects is estimated on the basis of statistical evaluation

of epidmiological studies In groups of people wbo had been

ezposed to radiation. Decisions concerning statistical

effects on populations will be more difficult because

of the lack of Imediacy of the effects. But In the long

cus, these effects might cause the greatest Ipct on the

general population.

The response times, actions to consider, and possible health

effects for each pathwey are shoms In table 1.2 for a typical population.

iffects on animals, vegetation, or real estate are also possible

but may be controlled or allwvlated to the e t that dont~ aat Ln

is imployed o? that destructim of the effected ita Is eMloy4.
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Table 1.2 Action and Health Effects
Versus E-xposure Pathways

~~aueReepmas action Public
Pathway TIMe Available Hat

a~fcts

Air - Particulate Kin - Er PD
Ju Kn - Er P 7.E,D

Water - Particulate
PainOUt Er -Da V D
Fallout min-Er P D

momrsin Day PG3 9,7,2

toad- Milk Da -No PGE 0
bzinking water Er - no PGU 0
Beverages Da - so PIE D
Poodatuffs Da - No PGE 0

SOLl - Rapensmica, Da V
Direct Kin - Da PIE1,,

Direct -Facility min PeaF,,
air Kin - r PF.DD
water at PIEDRI

keticass P - Protective R - leatorative
Uefects, F - PAPi" Faalty, I - Early V - Delayed

1.16



1.4 Respons. Plan Action Tine

A typical sequence of events for developing eergency plans and

responding to nuclear Incidents Is uhomn In figure 1.1. This figure,
Illustrates the general order of eventst but not relative lengths of

time for each event. These will vary according to individual circus-

stances.

1.4.1 Preparation of Plans

Considerable preparation will be required to ensure the adequacy

of smergency response plans. This preparatory tim includes the

following elemnts:

(1) The decision must be aed. to prepare emrgency response plans

according to the legislative mdates or needs within a

given state.

(2) Then basic plans should be developed using appropriate

guidance from this mual and the ABC "Guide and Checklist- (2j).

These plans should include smergency response actions for

coping with nuclear Incidents and directions on the use of

SPA Protective Action Guides for these situations.

(3) These plans should be approved by responsible persons or

aencies.

(4) Scenarios must be developed from the basic plans to cover

vajor contingencies which can be Identified.

Mtods of Implemntatiomust be prepared and tested so that

inmvlble responses end contingency plans may be identified and dIsm-

carded. This discarding of nonviable responses my be baseid In pert
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on evaluation of local constraints. For example, evacuation of

prisoners or critically il persons might not be considered viable

hile 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. Hovever, planning should be a continuing

activity after the basic plans are developed. Advances in meteorology,

developmnt of now protective actions, changing demography, etc.,

should be used in reevaluation of the original scenarios. And of

course, recurrent testing of implementation methods should be c"rried

out.

1.4.2 Implementation of Plans

A sequence of steps to implement a response 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 general

nature of activities in a typical response sequence.

The emergency phase includes all those activities leading to

initiation 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 my be considered to be the first few hours following notification

of an incident and deals primarily with protection of the population

1.19



froa exposure to the airborne plum.

The most Important step in Smergency response is the prompt

notification that an incident has occurred that could result In an

offseIts 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 planng 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 -ini-- 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 nitial. responsbl y for accident assessment. This Includes

prompt action necessary to evaluate public health and safety both

onsite and offsits (Q). Ideally, 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 also permit more timely protective

actions than postponing the notification until a release has occurred. 1

The sequence of events during the emergency phase Includes the

notification of responsible authorities, evaluation and recomendations

for action, and warning of the public. In this early phase of response,

the time available for affective action will probably be quite limited.

' part of their plans, the State should establish with the facility

operator a strict protocol for notification of the State such that early
responding of possible impending releases would not Involve disincentives
to the facility operator.
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I'mediately upon becoming aware that an Incident has occurred

that may result in exposure of the offsite population, a preliminary

evaluation should be made by the facility operator to determine

the nature end 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 Incident*.

The incident evaluation information should then be presented to the

proper authorities. If authorities were notified earlier and have

mobilized resources, protective actions can be started immediately In

predesignated areas or in the areas Indicated by projected dose based

on facility operator Information. Zn the absence of detailed Informs-

tion from the facility operator as IndicAted above, the emergency plans

should provide for action in the Imediate downwind ares of the facility

based on notification that a substantial release has occurred or that

plant conditions are such that a substantial release potential exists.

The next step is to gather additional information on radiation

levels in the enviroament, meteorology, and environmental conditions.

Further actions or modifications to actions already taken should be

based on these data and Protective Action Guides considering constraints

discussed In section 1.6 of this chapter.

The State should continue to seek information on radionuclide

releses and evizo tal monitoring data. In fact, an evaluation of
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such Lnfomtion, as veil as exposure patbways, population at risk,

dome proJections, and PAGs should be a coUtiining activity In

both th 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 Iaplesented before any population exposure. &owever, the action

my not be Initiated in time to avoid all of the projected dose,

and soe dose may be received during isplintation of the action.

The restoration phase Includes those actions taken to restore

conditions to "nomal". Restorative actions Include the halting of

protective actions, the lifting of restrictions, and possible decon-

ta.umtIon procedures. D
1.5 Xvoes of Action

The action taken may be, as previously Indicated, either protec-

tive or restorative. It may also be voluntary or involuntary, or no

action at all my be taken.

(1) No action would usually be taken by State authorities if

the risk of undesirable radiation effects Is anticipated to

be much less than the risk of taking action.

(2) Voluntary action my be suggested for the population at

risk, or it my be taken by then anyway on the basis of

public lnformtion provided during an accident situation.

Voluntary action my be valid in the gray area where the
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rikof exposure to released material and the risk of taku"

lover levels of exposure by individuals to alleviate their

fears. The negative aspects of possible confusion and

possible panic where incomiplte knowledge exists must be

considered during decisions to implement protective actions.

(3) Involunstary (mandatory) action by State authorities should

be Implemented when the risk of undesirable effeacts exceeds

the risk of taking action to such an extent that public

well-being can be adversely affected. This is vhen action

must be taken in the public Interest.

The types of action which can be taken include:

(1) Protective actions, such as evacuation, akijng shelter inC .oms or civil defense shelters, controlling food and water

distribution, prophylaxis (e.g., thyroid protection), or

Individual protective actions (e.g5., gas masks, protective

clothing, ae.); and

= -.'"W(U1d~storativs action where everything is reture" to "noral.

This action includes Lifting restrictions or halting

activities initiated as protective actions. It also

Includes deontamination where necessary.

The actions to be taken shmuld be evaluated and met In priority or

sequence with identification of ranges for appropriate action and of

decision points during planning. Based on prior Judgment of whish
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actions May be effective In my iLvem situario.m, scazIoe am be

prepaed Which Will Iadcate wkih actions or aft of actions are

aPPVmprriat for various situations.

1.6 Goals of Protective Actiom

The idea goal of protective action in an meren y is comlete

protectim of the ndumsered population. Nmowvem, various comstraints

nay prevent attaining ths Ideal, so a aowe realistic oal is maini -

marion of hszIful effects.

In the case of as mrgency Involving a radLologicl hasard,

efforts me directed towards mi-im :

(1) early somc effects such as death within days or develop-

mt of eaensive symptom of radiation sickness;

(2) delayed somtic effects, such as Increased probbility

of death due to radl ton related cancer; an d1

(3) gmetle effects such as increased prnatl mortality or

Increased probability of 1mreditary defects In furme

Sumerations.

The a tia of effects implies that the radlatlu epoeure uder

consideration is am avoidable mposurs. omwer, for purposes of

detemning whether to take a protective action on the basis of

projected dos from am airborne plame, the projected dose should not

Include unavoldable does that has been received prior to the time the

dose projection is done. LI a situation shouLd occu were the mvavoidll

dose wuld be very Imp as camped to the avoldable dome, different

protective actions might be zrnmted.
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-.6.1 lalancina Factors to Achieve Protection Goals t

The Ideal goal is =damn protection ofthpulcwhte

least cost and disruption. Vithin the need to protect the public

several cstraints, Including physical, social, and fiscal, will

be operating.

The planner should balance the cost of not taking action (risk

Of radiatio esposure) against the cost of taking action frois both

fiscal and societal aspects. rn particular, the fiscal costs of

Preparing for action, as well as the costs of all actions to be taken,

should be balanced asainst the need for response to protect the public.

Almo, the societal costs such as panic and disruption of life style

should be balanced against the risk to society of not taling action.

This balacing of costs and risks will place constraints on the

options available for action. This balancing also implies that is

plnig, certain cut-off points can be identifieds' e.g., a Marginal

Increase In protection probably ay not justify the required expadi-

taes or extensive disruption of families or daily activities.

These costs and constraints should be evaluated In planning by the

responsible 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 amy preclude their use.

These additional constraints on action are primarily physical In

nure (e.g., in the case of a puff release, exposure time ay be

too short to alloy effective protective action).
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1.6.2 Consra s oal Ataiment

The constraints which operate to prevent attaining the Ideal

oak includae those of enwromenc1al, dmoraphic, tiporal, resource

availability, and exposure duration.

ro al constraints will Include meteorologic and

geographic considerations. Protective action options my be restric-

ted by severe weather conditions, windstome, blizarde, tornadoes,

large accmulations of no, etc. Optiom are also restricted by

mmbes, types and directions of roada, and obstruction of easy

egress from a site by rivers, mountains, or other geologic fomations.

Options are further constralned by the density and distribution

of population, the total sie of the population involved, the age

and health status of segments of the population, aud other denographic

considerations.D

Temporal constraints will be present during all phases of

protective action sad some situations during restorative action. Tie

available for action my be a real constraint for evacuation of

close-in populations, particularly In the case of sbort tem (puff)

releases. After an Incident, exposures of the population close to the

site my occur before control of the situation ts established. Even

after a decision for action baa been mods, notification of the population

and Implementation of the action my require enough time such that sub-

stantial exposures occur. The constraint of time In restorative action

will probably be more related to reduction of costs rather than to

direct protection of the population. Rapid decontamination to allow
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acesto utilities, food stores, crops, ae., will reduce the total

Resources will be one of the largest constraints on viable

options for action. The best planing will fail If the -resources

to Implement actions are not available. Resources needed are

fiscal, xapower, and property, although fiscal will probably be

the limitl" factor. Given amff iciest fiscal Investmt, thou

mpower, equipment, and trining, all will be available In adequate

quantities. Hover, since only alimted aousnts of fiscal support

my be available, the lack of equipment and manpower with sufficient

trnIng and practice In iuplimntation of protective actions will

limiAt the numer of viable options for protecting Jme public.

In general, as the population to be protected Increanses, loe

protection Is available for the sam total cost (equal levels of

protection require greater fiscal Investmt In large populations

then in *small populations). Likewise, as the level of peaens

increases the cost of obtaining and maintainIn this preparedness

Increases. The cost of protective action, however, will probably be

a step function. Each declimo to take an action or eztend an action

will cause en Incrmntal step Increase In the cost. All of these

constraints most be considered In planning operations so that the

optIam protection of the public can be obtained with 'the least

inpenditure, both social and fiscal, cinwat with the goal of

protective action.
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1.6.3 valustion of Constraints

Local officials Involved In developing amrgency response pLm

mist be thoroughly Informed an what protective actions are available

for 1liting the adiatlon eaposure of the general public during a

aclear Incident. These actions are a vital part of the emilmy

response plan sad should be specified during the planing phase

rather then at the time of the Incident. There are, however, local

otraInt associated with each protective action which will influence

the decision to Iplement a given protective action. The local planne

*. r ' umst also be familiar with and apply these constraints to any nergency

situation. Ideally, It should be possible to balance thee constraints

In some analytical fashion which would place each constraint In its

proper perspective on a comon scale. Since many of the constraints

cannot be quantified, local planners mst use rational, subjective I
Judent in evaluating thea.

Tables 1.3 and 1.4 ist protective actions that are available

for various types of reactor Incidents as a function of approz~se

tine periods following the Incident, and the following discussion

attepts to evaluate constraints such as costs, tinm, societal con-

sideratiams, et., that relate to each protective action. This infor-

nation sbould be valuable to the local planner in making the value

Judgments that are necessary to plan actions during an emergency.

1.6.3.1 Constraints on Svacuation

Mile evacuation my seem to be the protective action of choice

following a nuclear Incident at a fixed nuclear facility, constraints
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Table 1.3 P'oteatve and Rtorative Actis for uclear

I d R lt Airborne Imle

,unlear Incient Approimate Tim of onitatio(

0-4hr. hr. 8 r.

Puff Releae (a)-Cameous 1,2,3,4,5 3,4,5 3,4,5,6, 9,10,U1
or Gaseous and 7,8
Particulate

Continuous le (b) 1,2,3,4,5 1,2,3,4,3 1,2,3,4, 9.10,11
Gaeeou or Gaseous 3,6,7,8
and Particulate

1 lwacuatioa (a)Phf reles - less than

2 Selte 2 o

3 Access control (b)co.tiuous Tel"" -
; 2 bore olr mrl

4 Ispiratory protection for

mmxrgc workers (c) Restor.tion phase my begin

3 Thyroid protection for ergency at my tes as appropriate
workers

6 Pas ture control ~~

7 mm control

8 Yood and water control

9 LIe protectlon cetrols

10 Reentry
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associated with a specific site could reader tha evacuation Ineffective

or undesirable. Other optiunal protective actiods such an taking

shelter should be considered. The planner nt take Into consideration

all local constraints to deterane whether or not evacuation is a

viable protective action for the given situation. Examples of the

effects of constraints could be provided on a meral basis. However,

It remains the responsibility of the planner to determine the most

reasonable protective actions for each site.

A. Effectiveness of Evacuation

The effectlvness of evacuation in Ui iting radiation dose is

a function of the ties required to evacuate. If a radioactive cloud

is posent, the dose will Increase with the tines of ccpsure; if the

evacuation Is completed before the cloud arrives, then evacuation

Is obviously 100 percent effective. Anything that delays an evacuation

ts therefore a constraint, and such constraints are likely to be very

nwch a function of local site conditions and planning. The plam

should be amre of these constraints In order to minllse their

impact, thus maximizing the effectivenbas of the evacuation.

The evacuation ti e, T(EV), at a particular site is defined as

the tim from the start of the nuclear Incident to the tine when evacuees

hae cleared the affected areas. It may be =prsased as:

T(IV mT.+TN+TX+TT

wbere:

- tine delay after occurrence of the incident associated with
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notification of responsible officials, interpretation of data, Mid

the decision to evacuate as a protective action.

TX - time required by official. to notify people to eVacuLe.

TM - time required for people to mobilize and get underway.

TT - travel time required to leave the affected areas.

TD includes several separate time elements as defined above,

and all of then can be reduced by effective planning. Noienil values

for TD may range from 0.5 hours up to 1.5 hours and possibly longer

depending on the adequacy of planning and whether the decision is to

be based on onsite Information or offsite environmental meurinents.

The least well defined time constraint is T., which is strongly

influenced by local population, geographic conditions, and plannng.

TN 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 av~mented by telephone, pulic address, and door knocking, the

effectiveness of which is a function of local planning and resources.

There are now innovations such as computer telephoning, planes with

loud speakers, etc., which the local planner may find worthwhile

to explore. The value of T, under the best conditions of local planning

is estimated to range from 15 minutes to 1 hour or more.

TfN othe time required for people to prepare to leave, depends on

such parinsuers as:
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(1) Is the family together?

(2) Rural or urban community? Some fars or industries require

more shutdown time than others.

(3) Special evacuations - special planning effort is required

to evacuate schools, hospitals, nursing homes, penal

institutions, and the like.

(4) There wi.1 be some people who will refuse to evacuate.

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

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

The evacuation travel time, TT, is related to:

(1) Total number of people to be evacuated.

(2) The capacity of a lane of traffic.

(3) The number of lanys of highway available.

(4) Distance of travel.

(5) Roadway obstructions such as uncontrolled merging of traffic

or accidents.

The total number of people to be evacuated depends on the popula-

tion density and effected area. It Is an advantage if good plannin

can keep the area and thus the number of people to as small a value

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

nmber of people on the move at one time Is within the capacity of the

roads.

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

per hour and the capacity of each. Surveys during evacuations found
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4 persons/car on the average indicating that at 2,500 cars/br at

35 mph, the capacity of a lane is 10,000 persons/hr. Comuter traffic,

however, contains about 1.2 persons/car, lowering the capacity to

about 3,000 persons/hr-lane. Use of buses exclusively, if this is

practical, Increases the lane capacity by a factor of about 10 such

that 100,000 persons/hr-lane could be moved. However, if buses are

used, the Increase In time caused by getting the buses to the evacua-

tion area and by return trips must be considered. If the average

speed of traffic, is less than_15 uh cp it/lane- q~oeed in
Sam ph-capa.-- l -"t

proportion.
The number of lanes of traffic Is ordinarily sufficient for evacu-

ation from the low population zone around fized nuclear facilities.

Lamas may be Increased by using lanes that ordinarily carry traffic

Into the area. ALl these lanes cannot be used, however, since some,

at the option of the planner, suat be held open for mergency 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

they 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 alternately rather

than having cars dovetail through an intersection will significantly
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increase traffic flow. Access controls to keep unauthorized 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 TT may range from 0.2 to as much

as 1.5 hours under exceptional conditions where the road system Is

inadequate compared to the population to be evacuated. An average

traffic speed of 35 mph was assumed if road capacity was great enough

to preclude traffic jams.

Table 1.5 sumarizes 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 sall town (250 persons). In

such a case the population is small, concentrated, and at that time

the families would be united. An eanple of an evacuation In the

longer time range might be evacuation during the daytime of a rural, low

population zone containing farm. Warning would be time consuming,

and the preparation for farm shutdown might be lengthy. The road

system is adequate, but families my be separated during the day,

requiring longer evacuation travel distances. Smerency plans for

areas located near State boundaries would require interstate cooperation

and planning. RNih population, high density areas such as those around

Indian Point present a different situation, end evacuation times are

more complex, probably longer, and mast be analyzed on a case by case

basis. In these areas, notification time may be short but access
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Table 1.5 Approximate Range of Time So es
Making Up the Evacuation Tim-ra

Appro .a
TIM Segmeant Rang

TD ~0.5 - 1 .5 (b)

TN ~0.2 - 1.0(c

TH ~0.2 -2.(d

TT 0.2 - 1 .5(
1.1 -6.0

()I&popation, high density areas much as
those around Mullen Point, present a different
situation, and evacuation-tims are more cmWlAz,
probably longer, and nost be analysed on a case
by case basis.

(b)Nexmut tme my occur vhsn offnits radiation
measurements ad dose projections are required
before protective action is taken.

(c)Nxlmmtim my occur when population density is
low and evacuation ares is large.

(d)Maxmstim my occur when'a f 'amilies are separated,
a large number of-farms or industries must be shut down,
and special evacuations are required.

WMirna time masy occur when road syite Is in-aeqate
for the large population to be evacuated and there are
bottlenecks.
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li ted. Appendix I provides techniques for evaluating the varom

tim periods involved In evacuation.

1. Risk of Death 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 Iuclear incident.

Portunately, examination of nmerous evacuations Indicate that risk

of death or injury is not likely to be increased when evacuation is made

by motor vehicle (3). Premature childbirth in routinely encountered

in emergencies and subsequent evacuations, and In at Least one State

inergency plan, prio arrangements are made for this problem.

C. Emcuation Costs

For evacuations caused by stores or floods, cost is not usually

a constraint because hazard to fae and limb is obvious and because

the evacuation cost in judged to be mall compared to the dam"

caused by the disaster. Bowever, In the event of a nuclear incident

where there my be the strong Inclination to evacuate even though the

radiation dose to be saved is vanishingly emall, the econoum cost of

the evacuation my act as a constraint. Therefore, the planner my

wish to estimate this cost for various kinds of evacuation.

Evacuation costs my be broken Into four categories:

(1) Costs inMolving vcMMees,

(2) costs involving evacuators,

(3) financial losses of farm ares, sad

(4) financial losses of urban sad Iadustrial ares.
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Uaited InfomatIo on estimated costs Is given In reference (3).

br a specific site, the various costs probably can be ascertained

with more accuracy. Prasmeters that would affect the costs of an

evacuation around a specific sits are listed In table 1.6. Considera-

tics of these parmaters sad bow they affect cost should allow the

plIner to calculate the approzimate monetary cost of an evacuation

end thus estimate and evaluate this constraint.

1.6.3.2 Seekln Shelter

The local constraints on seeking shelter as a protective action,

such as time to take action, cost of taking the action, and societal

considerations, Intuitively tend to support taking such action since

the cost in each case is relatively sall. However,-if one compares

the effect of seeking shelter with moms other action such as evacuation

on the bas of dose savings, it may be concluded that evacuation wi

save a far greater dose than seeking shelter. Generally, shelter

provided by dwellings with window and doors closed and ventilation

turned off would provide good protection froe inhalation of gases and

vapors for a short period (i.e., one hour or less) but would be generally

Ineffective after about two hours due to natural ventilation of the

shelter.

Not every constraint can be evaluated using established techniques;

therefore, a certain smount of subjective Judgment mt be made on the

part of the local planner. The important thing is that the local

planner be amre of the constraints associated with each action and

that these constraints be balmc*d on whatever basis possible in order
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Table 1.6 ?artvs Affectiftg the Coat Of UvacutOn

Area
lise of area affected

DistnibutOU

TY"
Popui~tion in
care required

lazes

5±3.
Type
Product VaIUSS

IusLueS ad ladustrY

Type

work force
Product value

mode of Treyel

N~bw of smacuato?5 taquired

Sbelters Needed

Duration of the ZycmtiOS

Anti-l0otiD 3f r
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to arrive at a decision. -

1.6.3.3 Access Control

Access control can be a very effective protective action to

avoid exposure of personnel who might otherwise enter high exposure

areas unnecessarily. Whether or not It can be applied effectively

at all sites will depend upon several considerations which are site

specific. For example, the tim required to establish the necessary

roadblocks may be longer than the exposure tim. The *ost of main-

taming the capability for roadblocks and control of access points

may be p-mbIbItIve. Furthermore, personnel that would be used in

maintaining roadblocks uight be more effectively used for other

mergncyfunctions. All of these factors mst be considered In

deciding whether 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 gaseous or particulate

radionuclides my be reduced by the use of respirators. These devices

protect the wearer by removing rad1aiodines (the prlmry gaseous nuclide

of concern) on activiated. charcoal and by rmwing pNrtculate mterial

by filtration. Several types of respirators are cmralys'wleleA

for use by adult male workers in containated. atmospheres. However,

respirators designed for wmnand children, i.e., the mst radiation

seitive part of the population, my not be readily available. The

first constraint on the use of respirators, therefore, Is whether

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

each person for immediate use upon notification and they mst have been

Individually fitted. This mns 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 4imiting

their time of use. The cost of providing respirators for the entire

population at risk is also a constraint, especially for large popula-

tions. Additional constraints include upsetting the population by

acknowledging the danger with visible means and the failure of

Individuals to have their respirators personally available over long

periods (years). Even if funding is available to provide the necessary

respirators, it should be noted that use of such devices can only be

a short tem action of 2 to 3 hours. Therefore, they might best be

used In conjunction with other protective actions such as seeking

shelter or evacuation. It should also be kept lu mind that respirators

would not be of value where the exposure of concern was from direct

radiation and not from Inhalation of lodines or particulate material.

Respirators my be most effective for emergency workers or other

persons required to remain in evacuation zone.

1.6.3.5 Proybylaxis (Thyroid Protection)

The uptake of Laled or ingested radloiodine by the thyroid

gland may be reduced by the ingestion of stable Liine. The oral

admiistration of about 100 milligrams of potassium lodide will result
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I2
in sufficient accumulation of stable Iodine in the thyroid to prevent

significant uptake of radlojodie. The m4i 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 accordancs with State health laws. Potassium iodide as

a prophylazis Is only effective if the eposure of concern is from

radioliodne and only if the stable Lodine is administered before or

shortly after the start of Intake of radioiodine. All emergescy

workers for are" possibly involving radtoiodlu contamination should

receive this kind of thyroid protection, especially if appropirate

respirators are not available. The cost constraint would not be

significant for potassium iodide itself, but the cost for edmanistaring

this material should be considered, Including the cost of testing

mergency workers for sensitivity to 'odine prior to issue or use.

The use of stable Iodine as a protective action for emergency

workers has been recomended by SPA. but only in accordance with State

health laws and under the direction of State medical officis as Indica-

ted above. However, the efficacy of administering 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

SPA at this time.

1.6.3.6 Milk Control

Zn order to protect the population from exposure to Ingestion of

conminated milk, the planner hs two basic alternative actio , Ich

are:
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(1) Cowfoed or pasture control to pravant the Ingestion of

* radioactive materials by dairy cattle, or

()MMl control either by diverting the milk to other uses

that allow the radioactivity to decay before Ingestion or

by destroying the milk and substituting uncontaminated milk

from other areas.

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

control. contamnation of the milk. This would be followed up by

milk control only In contamnated areas where pasture and feed control

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

the alcteabiiyo fetiveses to takaw thesrtetie actions.icue

The acceptabilityorteffec-ithes oftthse twcpue ctv:ctos

(1) PenIOtIng the Population to receive hMhe doeft".

(Thyroid caner is amerally not fatal.)

(2) Suggest voluntary avoidance of the use of contaminated milk

by children and pregnant woen. (Children a&e more sensitive

then adults because of greeter intake of milk and greater

concentration within the thyroid.)

(3) Amnister stable Iodine as discussed earlier under thyroid

protection (section 1..3.5).

The local constraints on the control of dairy cow feed or pasture

my Include the following:

(1) A shortage of aaot ad feed.
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(2) A shortage of persounal to carry out feed and pasture controls

In evacuated areas.

(3) The ahort timeavallable to Impiment feed and pasture con-

trols over a large area (possibly hundreds of square miles)

may create coiJcstion problems and uncertainties as to

the areas where pasture and feed control should be implemen-

ted.

(4) 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) The shortage of nearby processing plants.

(2) Inadequate storage capacity to wait for radioactive decay.

(3) Objections to shipment of contaminated milk to other juris- -

dictions for processing.

(4) Pollution from disposal of large volumes of milk.

(5) Shortage of mountoring personnel and equipment for all milk

producers.

(6) Shortage of milk for critical users.

(7) Costs associated with transporting, storage, or disposal of

The dose to the thyroid of a child from drinking milk contminated

with radioodine through the atst phere-pasture-ov-milk ezposure path-

my my be hmndreds of time the thyroid dose that would be received

by the am child from breathing the air that caused the contamination

of the pasture. Therefore, the size of the area over which milk might
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have to be controlled could be uch larger than the size of the area

that would be evacuated to prevent Inhalation of the iodine.

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 predominantly 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. If pasture and feed control actions have been iplemented (even

if only partially Implemented), noncontaminated milk supplies my be

available at least for critical users.

All mk 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 affect of constraints related to uncon-

taminated feed supplies and processing plants by identifying their

locations and procedure for aces.

Resistance by milk producers to protective actions for milk my

be reduced by the planner having answers to questions regarding reda-

bursents of costs incurred by the producer.
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1.6.3.7 Food Control

Food exposed to airborne radioactive materials may become

contaminated by deposition of radiotodine and particulate material.

To avoid 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.

If other supplies are not available or the cost is high, then it my

be necessary to Implement decontamination procedures. For protection D
beyond a few days where availability and cost constraints would be

sore critical, then decontamination may be even sore cost effective.

The primary smeas of decontamination would be through washing and

peeling (where appropriate) of fresh fruits and vegetables. The con-

straints on such procedures would be the ability to monitor the decon-

taminated items to assure adequate decontamination. Monitoring of

food will Likely be a much dmsanded service both by the individual

famer-conamer and by the distributor.

Other alternative controls would be to Inpound food stocks and

store them to allow decay of radiation levels or destroy them to prevent

conimption. The main constraint on these 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 waters or by depositiou 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 stream

and lakes would be most affected by contamInated liquid effluents.

Spring and well water should not be affected by an accidental release

of radioactive material to the atmosphere or to waterways. Rowever,

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

heavy deposition. Some accident scenarios involve fuel mlting its

way into the soil, and such a condition could contaminate underground

water 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 rum-off,

prevention of reservoir contamination would not be possible unless

methods existed for diverting the run-off. Reservoirs receiving their

supply from a stream or lake normally are filled through pumping and

filtration stations which are controlled by operators. These stations

could be shut off if the source of the water supply became contaminated.
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This may also be rue for food processors using a strem or lake

directly for thefr water supply. Many reservoirs supply water to

mnicipal systm through a filtration plant. Such a plant would

tend to decontaminate the water supply, and monitoring of water after

filtration 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 condemation 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 system,

he should also identify the hardships that may result and plan methods

for alternative supplies. These may Include rationing of uncontaminated

supplies, substitution of other beverages, importing water from other

umcoontainated areas, and the designation of certain critical users

that could be allowed to use contaminated supplies. These might be

fire-vatear systems and process cooling systems.

1.6.3.9 Restorative Actions

A. Liftinx 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 eample, the costs to the public and

the State In maintaining access control, pasture control, milk control,

or food and water control will eceed the risk reduction value of
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these controls after some period, and 3n the controls should be

lifted. The costs for mntnainin these controls will be relatively

constant with respect to tim while theiz significance In reducing

risk will decrease as the source of radionuclides lw halted and

the released nuclides dispes. or decay away. Therefore, it may 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 ny

be necessary for certain essential personnel to return even before

the dose is reduced to these guide levels. In addition, reentry

my be allowed earlier for less radiosensitive persons such as adult

mle who my need to return to their homes or jobs. The criteria

for reentry will require a balancing of remaling radiation risk

such as from ground contamination and the cost of disrupted services,

,..l j.inc me.a etc4 r . q;M 4W the evacuation. Time is not a

constraint on reentry ezcept as a factor in the cost of remaling out

of the evacuated area.

C. Decontamination

The movement of radionuclideas along several patbmwy involving

milk, foot, and water my result In prolonged c-nazInation. Bach of

these elements may require processing to rmve radioactive coutd.usnt
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prior to cousumption. TA each case, the radionuclide concentratiLons -

would be reduced to levels "as low as practicable" commesurate with

treatmt costs.
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CHAPTER 2

Protective Action Guides for Exposure
to Airborne Radioactive Materials

2.0 Introduction

borlying an Incident Involving a release of radioactive

material to the atmosphere, there may be a need for rapid action

to protect the public from radiation exposure from Inhalation

and/or from whole body external radiation. This chapter provides

Protective Action Guides (PAGs) for whole body external gmma

radiation and for inhalation of radioactive material in an air-

borne plume. A person who is exposed to the plume of airborne

radioactive materials my also be exposed at a later date from

contaminated food, water, or other pathways. Uwever, the PAGe

In this chapter refer only to the exposure received directly

from the airborne plume. The mergency response situation addressed

in this chapter is the period from Initiation of an atmospheric

release until perhaps to 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

Inhalation of radioactive material In the plume.

It Is Important to recognise that the PAGs are defined in

tems of projected dose. Projected dose is the dose that would be

received by the population if no protective action were taken. or
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these PiG., the projected doe does not include dos that my have

been received prior to the time of estimating the projected dose.

For protective actions to be most effective, they must be instituted

before exposure to the plume begins. PAGe should be considered

mandatory values for purposes of planning, but under accident con-

ditions, the values are guidance subject to unanticipated conditions

and constraints such that considerable judgment my be required for

their application.

1.1 Whole Body External Exposure

A radi activte plum will consist of gaseous and/or particulate

material. Either of these can result in whole body external expo-

sure. meassurements or calculations of environmental levels of

radioactivity are usually in terms of exposure. To translate from

whole body ga exposure to whole body dose requires a correction

factor of approziataely 0.67. However, due to the many uncertain-

ties in projecting dose from exposure to a plume, it is generally

conservatively assumed that gmes exposure and whole body gam

dose are equivalent.

Racomanded PA~s for emergency response In the case of whole

body external exposure to radlonuclides in the atmosphere are

marized in table 2.1. These guidelines represent numrical

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 shon, the
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Table 2.1 Protective Action Guides for Whole Body
hxposuxe, to Airborne ladioactive Materials

Projeacted Whole Body
Population at Risk Gam Dose (Ron)

General population 1 to 5 (a

Emrgency workers 25

Lifesaving activities 75

(A)ghea ranges are shown, the lowest velue should be used if
there are no major local constraints In providing protection at
that level, especially to sensitive populations. Local con-
straints my make lower values impractical to use, but In no
case should the higher value be exceeded in determining the need
for protective 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 sensitivepp-

lations. Local constraints may makea lower values Impractical to use,

but in no case should the higher value be exceeded in determining the

nee for protective action. The rationale and technical bases for the

numerical guides and their ranges are described In greater detail In

Reference Q~) and are sumarized in Appendix C. It in recommsnded

that anyone responsible for applying these guides In a macleer mmrgncy

become familiar with the rationale on which the guidance was based.

2.2 'Inhalation. Dose

me '- - - ~ 4s'eous ~prtion of a radioactive pluma may consist of

noble gases and/or vapors such as radioiodines. The noble gases

will not case "s much dose from Inhalation as from whole body

azternal exposure and therefore need not be considered as a

Separate Contributor to inhalation eure. The principal

inhalation. dos will be from the Lodines and particulate material

In the plme.

2.2.1 2xoosure to Radioiodines In a PlM

Due to the ability of the thyroid to conctrate iodInes,

the thyroid does due to inhaling radioiodines my be hunreds

of tines greater than the corresponding whole body atternal

Som dose that would be received. The PA~s for thyroid dome

due to Inhalation from a passing plume are shown in table 2.2.

The technical support f or their development is provided in

reference ()and Is s -rsod In Appnix C.

2.4



Table 2.2 Protective Action Guides for Thryoid Dose
Due to Inhalation from a Passing Plme

Projected Thyroid Dose
Population at xisk rn

General population 5-25 ( a )

Eergency workers 125

Lifesaving activities (b)

/-" (a)wm rnges wo shown, the lowest value should be used If

there are no major local constraints In providing protection at
that level, especially to sensitive populations. Local em-
straftts ma make lower values Impractical to use. but in ao
cas* DaCU" CM nlGn Veufs DO eZeMoec M # EM3e1mnxng LIA nsed
for protective action.

(b)No specific uppar . nt Is r.ven for thyroid exposure

sI& In the aeme, case coplete thyroid loss maght be an
accep-t.be penalty for a Lie saved. However, tuLs should
not be necassax. 1-t respirators and/or thyroid protection for
rescue personnel are available as the result of adequate
planing.
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2.2.2 Imosure to Particulate aterialin ma hme

This section is being developed.

2.3 Interpretation of PAs

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 a ffects of radiation and maintaining the

delayed biological effects at a low probability. Consideration

has been made of the higher sensitivity of children and pregnat

worn and the need to protect all ambers of the public. Con-

sideration has also been uade that personnel may contiue to

be erposed via ams pathways after the plume passes, and that

additional PAGs may have to be applied to these erposure pathwnays.

Wbere a range of values Is presented, the lower guide is a

suggested level at which the responsible officials should consider D
Initiating protective action particularly for the mor sensitive

populations indicated above. The higer guide Is a mandatory

level at which the respective goverint-al agency should plan to

take effective action to protect the general public unless the

action would have greater risk than the projected doese.

At projected doses below the lower guide, responsible

officials may suggest voluntary action available to the public

at risk. This should be dome with the philosophy that popula-

tion does be kept as low as possible as long an the effects of
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action are not UOre hazardOus than the projected dose. The

concept of voluntary action and the types of action that may be

considered were discussed :f Chapter 1.

The noed for selected populations, such as mergency response

ternk u1bes'end persons involved In lifeasaving activities, to be

allowed higher epos-as than the general public is In lina with

policies therein thse categories of individuals wmly accept

greater risk. Public safety and nuclear plant personnel will be

essential to provide services for the public even though they may

receive a greater radiation exposure.

In the event greater exposures to selected populations are

required to save lives, thse should be taken. Rower, if the

radiation Injury In these lifesaving activities is resimmve

the ham my exceed the good, so som restrictions mast be made.

Because of the variations in sensitivity of the population

to radiation effects and In local conditions (weather, etc.), a

rangse of values Is recomended for the general population. bre

selective protective actions (L.e. evacuation) for the eral

population Is possible, children and immn of childbearing age

should be protected at the lower levels of the ran. A further

ntrpretation of the range is that plans should be ade to consde

orSaMIsd protective action at the lomwr nd of the ram e whereas it

Is mo.atory that plans be made to :tlment protective action at the

upper ad. Nwem, if so contraints mxisted, the lower renge should
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always be used. Simce constraintsazeiat an3a local basis andr

different conditions, the range allos adjusteent by local.

off icials during the pl-Ing stage for special local probls

as discussed in Chapter 1.

The values given f or eergency workers recognize the need

for ms civil functions to continua in the event of an ew'acu-

ation of the general population. The risks are considered to be

warranted when necessary on the basis of the individual @npOsure

and the benefits derived. In such cses, precautions should be

tae to ainialse anpoaures to ergency workers.

PAGe for lifesving missions are given for those persons

whose normal. duties might Involve such missiona, i.e., police,

firmsen, radiation workers, ae. These guides would normalyD

be lUnited to healthY males. No specific upper lUmits are

given for thyroid exposure since In the extra case, conplete

thyroid loss might be an acceptable penalty for a life saved.

Bolever. this should not be necessary if appropriate protective

Measures for rescue personnel are available as the result of

adequate planing. For wanple, respiratory protection and/or

stable iodine for blocking thyroid uptake of radioiodlne should

be available to the aztent possible for personnel involved In

lifesaving mission. ad other mergency actions.* The issuance

Of stable iodiIe mast be In accordne with state medical procedures.
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3.2.3 Wter

(Guidman to be Developed)
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Protective Atiou Guides
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4.2 Decontmiu.ation

4.3 Land Use

(Gudance to be Developed)
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CHAPTER 5

Application of Protective Action Guides
fo Exposure to Airborne Radioaactive Mterials
from an Accident at a Nuclear Power Facility

5.0 Introduction

This chapter deals with methods for estimating population dose

from plum exposure based on release rates and meteorological

conditions or based an oafsite radiological measurements. It also

provides Vidanoe for comparison of projected dose with PAGs for

decisions on protective actions. Those dose projection methods are

recosended for use by State and local officials for development of

operational plans for responding to Incidents at nuclear power

f acilities.

Pollowing a radiological incident involving an atmospheric

releas that may require protection of the public, State authorities

will eed info mtion to make decisions on what protective actions

to lmplement and where they should be Implemented. The information

needed includes (1) Protective Action Guides adjusted for local

uituations and (2) proJected doses in specific areas for comparison

to the Guides. Protective Action Guides wore provided in

Chept4r 2. Projected doses mist be determined on the baasi of data

available following the incident. These data may ooms from

(1) plant conditiom, (2) rolease rates and meteorological

conditions, or (1) offaite readiologial measrements, or

combinsti m thereot.
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The methods presented in this Cop ter tor relating data at the

time of the incident to projected dose are recomended tor use in

development of operational response plans for atmospheric releases

at nuclear power tacilities.

Planners are encouraged to improve on the methods whore

possible and to alter tbem as necessary to respond to special

oircumtances. 3tate planners sbould specifically consider the use

ot tay improved dose projection methods developed by the nuclear

facility operator.

4 5.1 Release Assumptions

The guidance in this Cbapter I directly related to releases to

the atmosphere that have been postulated far nuclear power

facilities. VAS-1400 (1) indicates that should t ere be an

accident at a nuclear power station, tbere is an extremely wd.de

spec um of different kInds of possible releases to the atmosphere

and different time frames tor releases depending on the severity and

the emt sequnce o the failure modes.

I nuclear power reactor may suffer a loss at coolant but.

without a meltdown of the reactor ore. Far this class at accident,

the release to the atmosphere should be mostly radioactive noble

pass and lodinms. Accidents of Increasingly larger environmental

lpact would occur in association with a meltdom of the reactor

core and eventual loss at containment integrity. This class of

Revised 6/79
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accident could release quantities of radioactive particulate

material as well a the radioaotive noble gases and iodines.

However, for planning purposes, It is recomiended that radioiodins

be asumed to represent the pri.nipal contributor to inhalation

dose, and for situatios whre whole body dose from the plun mould

be the controlling exposure pathway, it should be asmed that noble

rses would be the principal contributors.

Guidanoe oa tim frame for releases cannot be very specific

because of the wide range of time frames that could be associated

with the potential spectrim of accidents that could ocu.

Thnefore, it will be necemary for planners to conslder the

possible different tme periods between the initiatn event and

arrival of the plum and possible time periods of releases in

relationship to time needed to implement protective actions. The

Reactor Saety Study Indicates, for ezample, that major releases y

beoon in the range of one-half how to as uab as 30 hours after an

Initiating event and that the duration of the releases my range

from oe-half bour to several days with the majr portimo of the

release occurring within the first day. In addition, significant

plums travel tmes are associated with the most adverse

meteorological conditions that migt result in lrge potential

esposurem far from the site. For exaple, under poor dispersion

conditions associated with low windspeeds, two hours or more mgt

Revised 6/79
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be required f the plume to tavel a distance of five =Ue.

Nigher windspeeds uould result in shorter travel tmes but would

povide awe dispersion, msking high exposures at long distanoe

much loe likely. Additional Information an time frame for

releases my be found in Refereoe ().

5.1.1 Radioactive Noble Gas and Radiolodine Releases

For an atmospheric release at a nuclear power facility that

involved only noble sues and radioiodines, it would usually be

conservative to assume that 100 percent of the equilibrium noble pgs

inventory and 25 percent of the equilibrium radioiodine inventory 1

would be amailable for release from contaiment. In the absence of

more accurate information from the facility operator reardil the

release composition, it should be assumed that this coposition ts

released to the environ ment. The relative abundance of radiciodines

and noble Ses in an actual release from containment would be a

function of the effectiveness of angineered safeguards (e.g.,

filters, spray systems, and scrubbing system) in removing each

component.

l~hjs assumption is in agreement with MRC guidance (2 am6)o
assumptioms that may be used in evaluating the radiologi
consequences of a lce of' coolant accident at a light water cooled
nuclear power facility.
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Table 3.1 o Appendix D sumarizes the total quantities of

adiologtcally significant pssous radianuclides that would be In

inventory under equilibrium conditions for a 1000 4ife plant.

Calcalations of the projeoted population dose based an a release

mixture consisting of 100% ot the noble-pases and 25% of thu

radiciodies indicate that the thyroid dose from inhalation of

radioiodine ranges up to 400 times greater then the whole body pam

dose fram noble gies and radioiadires. However, If th engi4neered

safeguards funoti:c as designed, they should reduoe the iodine

concentratin such that the whole body pm radiation eapoure from

noble ses would be the controlling pathwy.

5.1.2 Radioactive Particulate Pktrial Releases

SExoept for the most severe and improbable accidents postulated

by VhSH-1I00, proteotive actions (propbylaziis iodiae exoepted)

chosen an the basis of assunin the Iodine eposure pathway is

iti.al (figure 5.2) should be sufficient to provide proteotion

from rldi citive partiulate material. This particulate material

ill deliver an additional dose to the hag and to the whole body

from material located in the lung. Howeve, it is not anticipated

that lung espaoure would represent the controlling epaswue pathway

for acidents at nuclewr power facilities.

5.2 Seauenoe of Eventa

Following an incident at a nualear per facility involving a

release to the atmosphere, the most urgent protective actions In

term of response time will be those naseded to protect the
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population from inalation of radioactive materials in th plum and

from direct whole body exposure to pin radiatic from thu plume.

The time of exsure to the plums an be divided into two periods;

(1) the period imediately following the incident when little or no

environmectal, data are available to confirm thu serioumess of

population expoures, and (2) a period when envir mental level.s

and/or concentrations e In. During first period, speed far

completing such actions as evacuation, seeking shelter, and acees

control ony be critical to minimize expeture in areas where PAGs we

postulated to be exooeeded. Furthermore, environmental measurements

made during this period may ave little meaning because of

uncertainty cnoemAing plume location when measurements we made or

nmortainty aconernming ebaae in release rate due to canges in

pressure and radi nuclide concentrations within containment.

Tberefore, It would generally be advisable to initiate early

predeterded protective action . a thu basis of dose projectim

provided by the facility operator. During thu second period when

environmental levels are known, tbse actions m be adjusted as

appropriate.

FPr accidents involving a release to thu atmosp ere at a

nuclear power facility, the following sequence of eveto Js

suggested to minimize poplatin exoswe.
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€1) ot.twtf by tbe facility operators that an incident

ha ooam-ed with potential to oase ofrait. projected

doeso that exNed the PAG. This notifiation sMould be

provided a Sean a possible following tho incident and

prior to the release It possible.

(2) Zmdiate wa ation or ahelter of poplations in

predesigated areas without witing for confirming release

rate meawm'ments or environmental radiation measurements.

(3) Mnitor gme ewmwsure rates (and Lodm aanoentrati ns if

possible) In the envirmet. The facility operator

ould mitor release rates and plant conditions.

(4) Calclate plum aentrlinm exposure rate at various

distances dowvnd frm the release point, or un prepared

isoplet s to estimate eposure rates in domnwnd areas.

(5) se ezpsure rates, airborne ooncentrations, and estimated

eposure duratica to convert to projected dose.

(6) Compare projected dome to PhGs and adjust areas for

protective actios a indicated.

(7) Continue to make adjustments a mor data become available.

5.2.1 Acoident Notification

first Indicatian that a nuclear accidmnt bas occured

should come to State authorities from the facility operator. The

notifiastion from a mlear per facility to the State and local
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response orgnizations should inolude an estimte of the projeoted

doe to the population at the site boundary and at more distant

locations along with estimated time frames. The State emergenoy

response planners should make arrangments with the facility

operator to assure this information will be made available on a

timely basis (within 1/2 hour or ls= folowing the incident and

prior to the start of the release) and that it will be provided in

units that can be compared to PAGs (i.e., projected dose in ram to

the whole body or thyroid).

5.2.2 Immediate Actions

The Planning Bauis (7) rocomends that States deal =mte an

hergncoy Plannin Zone (RPZ) for protective actions for plum

ezcetwe out to about 10 miles from a nuclear pow facility.

Within this distanoe it may also be practical to plan an arm for D
imediat. respone prior to the availability of information for

making doe projections. This could be a circular area described by

a designated radial distance from the facility. Actions would be

taken within aproximately a 90 degree sector downwind out to the

desiated distance based on notification from the facility operator

that plant conditions exist whic present a potential for offsIte

doses in excese of the PA~s. The remsining area out to the PZ

would be placed an alert pending more infuration. When additional

information or forecasts an wnd direction and meteorology becami

available, decisions could be made on additional areas for
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protective actions. With good meteorologicel and wind direction

information, It mit be possible to reduce the width of the sector

for proteotive actions. However, if wind direction is variable or

if the start o the release Is delayed, or it the release d ration

is long, the width of the sector my increase or possibly extend to

a complete circle. The importance of good information and forecasts

an wind direction canot be oerephasied.

The designated distance for imsediate actions would be used

only in situations where the facility operator could not estimate

ottaite projected doses. It the facility operator provides

projections at population dose, then these should be used by the

State to detmin the dowmaind distance tor Imediate action in

liou ot the predesipnated distance. The outer edge of the low

population zone is a sugested radial distance tor Immediate enticns

in the abnce at reasons for other distances.

5.3 Establishment of Expos re ate Patterns

During or following initial actions to protect the close-in

population, eniromental expojue rate mesurements should be made

to provide a data base for projecting dose and for reevaluating the

need far aditioa l protective actions or trm.amtion of those

actions already taken. PIla gaidance for the collection of

these data is provided in Appendix A. (lote: Appendix A Is sti

under develFment. Referenee (8) will frm the busis for Appendix A

and is reomended as an alternate wres of Information.)
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After obtaining exposure rates or concentrations at selected

locations in the envircoment, these must be translated to additional

locations to identity the pattern of the exposed area. Exposure

rate patterns based an a fmn downwind meesurmente an be estited

in a variety of ways. One simple way is to measure plume centerline

2ewpeure rate at ground level at soe known distance from the

release point and use these data to calculate exposure rates at

otbar designated distances downwind by assuming that the aloud

aenterline exposure rate is inversely proportional to the distance

from the release poiAt.

The fllowing relationship can be used for this calculation:

D2  g 1  x

Where: D1 a expesur rate measured at distance R

2  emposure rate at distance R2

z a rate of diffusion as a function of distance.

This relationship can be used to develop a crude pattern of

e tImated eposure rates by am-n that z I 1.5 end that the

2 The anterline exposure rate am be determined by %aversing
the plume at a point sufficiently far dovnwind (usually greater then

e vie from the site) while taking continuous exposwe rate
seasureients. The highest reading should be at the oenterlne of
the plums.
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exposure rate calculated for the plume centerline would also exist

at points equidistant from the source in the general downvind

directian. 3  To use this mtbod, one 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 series of prepared exposure rate isopletbs

(aps vith lines connecting points or equal exposure rates) plotted

co transparen oies. Tbese isopleth plots are frequently available

from the lionsee, thus elaimnting the need for the State to

develop tbem. Sinoe both the meteorologioal stability clas and the

windspeed existing at the time of the release affect the sbape ot

the eposure rate isoploth curves, several sets Of curves would be

needed to represent the variety of stability conditions and

indspeeds likely to exist at that site. The appropriate

transparency can be selected on the basis of windspeed and

meteorological conditions at the time of the incident. The

transparency can then be plaoed over a map of the area that has the

same scale as the isopleth curves such that the curves are properly

oriented with regard to wind direction. The isopletb curves are

3The value of 1.5 for z is for ave age meteorolagicl
onditioa s. If the meteorological stability oenditi m Is know, it

would be more aecurate to use z a 2 for stability classes A and 3;
z 1.5 for classes C and D; and x 1 for classe and F.
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used to estImate exposure rate by plotting the exposure rates knom

at specific locations ca the curves. Exosure rates at other

locations are simple multiples of the known exposure rates an

indicated by the mltipliers associated with each curve.

A third alternative for determining exposure rate patterns Is

to obtain gamia exposure rate measurements at a large nmber of

locations and plot these data an a mp of the area. This method

would provide the siat accurate data but would require a large

amber oframdiation instruments and trained persons to mahke the

seasurements as well as a method for oconicating the data to the

control center on a continuing basis. Th~j smethod is primarily

recomeaded for developing information for determining the need to

revise previous protective action recomendations. Protective

actions for plum exposure should be taken pro to plume arrival,

if possible.

5.4 Dose ProJection

The projected dose (or dose o.tetin the case of inaled

radionuclides) should be calculated only for the early phase of an

seargency. Early phase Includes the daration of the plum exposure

far inha~lation PhAs and up to 2 to 4I days following the accident for

whole body exposure. tzpoeures that my have occurred before the

dos projection is mads ane nt carnally to be used for evaluating

the need for protective actions. Radiation duses that "*t be
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received at later times folLwing an accident also should not be

included within the projected dome for this Widane. These latter

doses, which my be roam reeatr7 operations, food pathways, or long

term groundshine are committed over a longer time period and will

require different Icinds of protective actions. Therefore, they will

require separate pgadance recomendations to be addressed in

subsequent chapters.

The best method for early etermination of the wed for

protective actions Iaediately follwing an incident and prior to

the start of the release is for the facility operator to estimate

potential off ait dose based an inf r ation in the control rom

using relationships developed during the planning stage that relate

abnormal plant conditions and meteorologial conditions to potential

offsite doses. After the release starts and the release rate is

measurable and whe plant onAditions or instrumentation am be used

to estimate the characteristics of the release end release rate as a

function of time, %the% factors, aLonXetologIaL1

conditions and windspeed and direction, can be used with techniques

presented here to estimate projected dose. Projected dose am also

be determned on the basis of environmental measurements wen thee

are available. Prooedtres are provided herein to use either release

rates or environmental measurimnts to project dose. Supporting

dosmentatLon for the prooedares is provided in Appendix D.
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5.43.1 Duration of Exposure

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 them cealculations, exposure rate is

assumed to be constant over the exposure period. Therefore,

projected dose becomes a product of exposure rate, duration of

exposure, and a dose conversion faotor.

The time period o exposure my be difficult to predict.

Expoeure 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. tbe

release. It is very important th t arrangements be made for the

State or local weather forecast center to provide information an

current meteorological and wind conditions and predicted wind

direction persistence during the incidents in addition to

inforuation received from the faciity operator. It neither wlnd

change nor the time until the vJ of the release an be predicted,

the period of exposure could be conservatively assumed to be equal

to the 99% probable maximm duration of wind direction persistence

for that site and for existing meteorological stability conditions.

histori l data on wind direction persistence as a function of

atmospheric stability class for a particular site are available in

the Finsl Safety Aznalysis Report prepared by the facility operator.
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5.4.2 Whole Body Dose Projection

having establ1shed epoure rate patterns in the environment

and having determined (or estimated) the time period of exposure,

the next tasi Is. to estimate the projected whole body and thyroid

dose to members of the population so that the projected dose cm be

compared with appropriate PAGs.

An airb rne rele2se from a light water reactor wuld be

expected to consist primarily of radioactive noble gases and

iodines. If engineered safeguards operate as designed, they may

reduce iodine concentrations to levels such that the wbole body

su& radiation dose from noble gases will be the controlling

pathway. Otherwise, the controlling pathway Will be inhalation of

radiciodines resulting in committed thyroid dose ranging up to

hundreds of times the whole body pam dose depending on the

effectiveness of the engineered safeguards.

To avoid the neoessity for calculating projected dose at the

time of the incident, It is recomnded that dose projection

omograms be developed. ?iges 5.1 and 5.2 (pages 5.1 ' and 5.19)

are exales of such nomograms. Appendix D provides details

regarding their development. Other shortcut doae projection methods

my have been developed by the facility opsraWrs tkat are fully as

accurate as these methods and should be used if appropriate.
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The projected whole body pasin dase an be estimated by simply

multiplying the Para exposure rate at a particualar location by the

time period of exposure. (The dose conversion factor is assumed to

be 1). I14are 5.1 provides this multiplication. This figure also

provides a relationship between exposure rate in aft/hr and the noble

gas concentration based on the Mixture of radioactive noble gases

that would be expected to exist at about 4.5 hours after shutdown.

If the noble gaes have decayed for a longer time, these cuarves

would significantly overestimate the projected dose as determiLned

from conoentrations and exposure time. If the gsma exposure rate

fro a semi-infinite cloud of airborne noble gass is to be

determined from kcnown mixtures other than those assumed, the

following relationship may be used:D

R -9 x 105 n 5E

where: ftR exposure rate (mR/hr)

a concentration in air (Ci/m3) for radionuolide 'nO

I * average gama nergy per disintegration (M*V) far

radionuclide On". See table 3.1 of Appendix D for

Values of E for specific radionuclides.
9 x 105 a dimensionless constant.
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This equation is the famliar expression for Pa exposure rate -N.
from a semi-infinite cloud, R a .25,7, vith the units for R changed

from i/soc to m/hr.

5.4.3 Thyroid Dose Projection

Thyroid dose commitmnt fr m inhlation in priaily a function

of the concentrations of radioactive iodines In the air integrated

over the duration of exposure. Thin section provides techniques for

projecting the thyroid dose using a variety of types of data that
0

0 : my be available. The bases for these techniques are provided in

U AppendizD.

-: ~bicdataT;9o&WRatOn f iodines in the air and
duration of exposure, my be obtained from a variety at sources.

The concentration my be measured either as gross iodines or as

- specific isotopes. The concentration may also be calculated based

0' on release rates and characteristics and meteorological conditions

or based on mosured exposure rates. The duration of exposure

my be predicted as discussed in section 5.4.1.

Figure 5.2 provides a family of curves for projected thyroid

dose as a function of airborne concentration (right ordinate) and

duration of exposure (abscissa).

To eatimate projected thyroid dose for a particular site, plot

the point o figure 5.2 corresponding to the radioiodine

concentrations in Ci/a3 and the expected time period of exposure

for persons at that location. Using a logarithmic interpolation,
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estmate the projected thyroid dose from the dose values o the

curves below and above the point. For example, if the iodine

concentration is 10- 5 CL/ 3 and is expected to last two houurs,

then the projected adult thyroid doa would be approximately 6 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 team or to other adults.

Dose conversion factors to convert from time integrated

airborne concentrations to projected dose would vary as a function

of the time after reactor shutdoun that concentrations were

determined. The dose conversion factors for iodine concentrations

used in figure 5.2 are based on a six of radiaoodines 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 30S for measurements mede in the range

of 1 to 12 hours an shown in figure 41.4 of Appendix D. This error

is considered too mall to justify the use of a correction factor,

but figure 4.4 from Appendi 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 equipment, field

masuremens of environmental radioiodine concentrations may be
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difficult and too time onsiumnng for quick decisions a

implementation of protective actions. In the absence of measured

iodine concentrations in air, ace my calculate the concentrations

based an release rates and meteorological conditions or based cn

am, exposure rate measurements In the eaviranent.

5. 4 .3.1 Concentrations Based on Release Rates

If information is available an the total curies released or an

the release rate and duration of release, one can use these data

with meteorological information to calculate concentrations at

specAii locations downwind. 31milarly, thi information ca be

used to determine the downwind distance at which a particular

concentration would occur. These methods are discussed below.

Figure 5.3 provides the atmospheric dilution factor, XD/Q, as

a function of dowad distance and for different atmospheric

stability classe. This factor is the coentration (X) in Ci/m 3

that would exist for an average windspeed (0) of 1 a/sec and f or a

release rate (Q) of I curie/sec. To find the downwind concentration

(X) for a specific windapeed and release rate, divide the value of

XG/Q by the windspeed in a/sec and multiply by the release rate in

Ci/seo.

To find the proJected thyroid dose associated with a particular

osoenotratinq, find the point oorrespcndi to the concentration and

the estimated duration of epere cm the nemogrm in figure 5.2.

Interpolate logarithmically between the dose U.ines as necessary.
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If the release is expressed In total curies as opposed to

Ci/sec, ay release period ca be assumed for purposes of using

figure 5.2 to estimate the projected dose. Assuming a release

period of one hour, the total release in curies can be converted to

release rate in Ci/sec by dividing by 3600 sec/hr.

A more comm problem ma be to determine the downwind distance

at which a particular dose would occur. The following steps would

be appropriate f r solving this problem.

1. From figure 5.2 (page 5.19) determine the iodine

concentration in Ci/m3 that would cause the thyroid dose of

concern for the estimated duration of the exposure.

2. Multiply this concentration OX" by the windapeed 00" in

n/sec and divide by the release rate *Q" in Ci/spc. This provides a

diluticn factor, XO/Q (a'2), which can be applied in figure 5.3

(page 5.22).

3. Using figure 5.3, follow the value for XC/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 occur at the plume centerine.

&zMole Problem

Asume em accident involves a puff release of 20,000 curies of

iodines. The release occurs at two hours after reactor shutdown,

the windspeed is 8 mph a 4 a/sea, and the atmospheric stability

luam is D. Determine the downwind distance at which the projected

dose would be 5 rem to the ehld thyroid.
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Solution

Sinoe no duration at expoeue m Sivem, one can assume ne

hour a 3600 seconds fo ar p oas of alculations.

From tiguwe 5.2 (page 5.19) note that the concentration, X,

corresponding to a 5 rem dose to the cild thyroid from a om bour

exposu would be about 8 x 10 C±/m3 .

hew release rate, Q, am be asumed to be

20 000 cures 5.5 Cl/sec
3, sOO Seconds t -

Therefore:

S8 X 10"6 Cl/. 3 x m/se . 10-6 i-2
5.9 G/sec 5Bla

Fromi flSw 5.3 (page 5.22) the distance corresponding to a dilution

factor o 5.8 z 10 - 6 a-2 under stability class D is about 8 Km

or 5 miles.

5.1 Z. Concentrations Based-cc Gaon Kxosure Rate Msuremnts

It anvir mental concentrations tof radiodines are determ.ned

from air smapl at selected locatins, it would be useful to obtain

simultaneous avwae pm exposur rate masurements at the same

locatims in accordance with recomendations a the Tasic Farce on

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

locations if the measurements ar'e not spread out over owe then

about 2 hours. The process of collecting and analyzing a f ew air

* -samples and estimating concentrations based on game exposure rate

measurements at other locations could save considerable monitoring

time.

If no air sample measurements are available, it is possible to

obtain a crude estImate of radiciodine air concentrations from paw

exposure rate measinemults. Because of the large potential for

errors, this would be the last choice of methods for estimting

airborne iodine concentrations.

The left ordinate in figure 5.2 (page 5.19) provides a

relationship between the amna exposure rate from airborne

radioactive noble gases plus iodines and the radiciodine

concentration (right ordinate) that would contribute to this dose.

This relationship changes with the ratio of iodine. to noble gases

In the release, the atmospheric stability class, time after

shutdown, the gessm exposure ooming from material already deposited

on surfaces, and the Sauna exposure from airborne particulate

material.

becase of the assumptions that were ad in the development of

figure 5.2, its use to estimate thyroid inhalation dose solely on

the basis of gamen exposure rates without confirmatory concentration
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msurements or without correction factors would generally result in

projected thyroid doses higher than those that would actually

occur. - relationships in figure 5.2 between gazon exposure rate

and iodine coentration are based on the following assumptions:

1. Tle ratio of concentrations of iodies to noble gase 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 gaes in a

nuclear power reactor at full power equilibrium conditions. Figure

5.4 provides correction factors that can be multiplied times the

gama exposure rate before its use in figure 5.2 in situations where

actual values are provided for iodine to noble gsW activity ratio.

2. The atmosphermc stability class would be A. Figure 5.5

provides correction factors as a fu ction of downwind distance and

atmospheric stability class for use in situations whom these data D
we knwn.

3. HMmszesments would be made within the range of I to 12

hours after reactor shutdown. Concentrations based on measurements

made during the first 4 hours after shutdown would be slightly lower

than estaated, ths causing a aonservotive dose estimate.

Concentrations based an measurements made 6 or more bows after the

r ato shutdown would produce low dose estimates. However, this

nonconservative error would be somewhat compensated by the

onuservative error introduced by the asumption that there would be
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no ontibution to m exposure rat.e from radiciodines deposited

am the ground. Both of these error@ would increase In intensity

with time aftw the start or the release.

Caution should be exercised in this method of estiating

thyroid dose to avoid projecting thyroid Inhalation doses n the

basis of pmm exposure coming entirely from deposited uterial

after the plume has passed. For this situation the Sam exposure

rate would increase as the detector approached the ground.

Ixmnle Problm

No iodine concentration measurements have been mde, but Samma

exposure rate measurments indicate mzimum levels of 10 AR/hour at

2 miles downwind. The stability clas is D, and the nuclear utility

reports the iodine to noble ga ratio in the release is 0. 1. What

is the projected child thyroid dose for a 2 hour exposure?

Solution

Referring to figure 5.2 (pae 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 (Pag 5.28) the oorrection factor

for D stability and 2 miles a 1.6. From Figure 5.4 (page 5.27) the

correction factor for iodine to noble pa ratio of 0. 1 a 0.15.

10 B/hr 1.6 z .45 a 7.2 5/hr. Reterring to figure 5.2, the

corrected thyroid dose is projected to be slightly more than 5 rem

for a 2 hour exposure.
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5.5 mjo y £@iAcon Decisions7

The mt effti..ve proteotive actions for the plum ezpo1we

petimy an evemstion and shelte.. Acess Cat-ol is also

efteot ,ty and appropriate but generally would be talm in

ocjunctbn with am of the otbhr two actiaos. Vbm onstauLntmn

of te slin is suspectad, proteoive actons sua as mshins ad

ohalng of oGothng are justifted without th need far planned

prooedures beauase these sotLams a e easy to takea nd Involve J.ttle

or no Plisk. Chapter I proVldes a general d. aAmd.a of protective

aoctioms, end Appendix 3 will provide pl- g gee e with regerd

to .vaausttm and s elter. (Append~z 3 has not bern publisbed as of

this revbsloa).

After dose projetatLm ee made and oostaraints we idbntified,

responsible offioals maist deode what protective actiom should be

Iaplemnted end in what arems. They must also deolde wtic of the.

emergenacy stiam that wor taken priar to having release

Lnformatm from the fai.Lty or envaroommtaL a muesuama ts should

be zpandad, maintained, or osoeled.

Table 5.1 provides brma Ldeclne far these decisions an the

basis of oemming projecoted domes to PIs. This uidance Is

primorily for planning purposes. Acoeptable values far mergmaOy

domem to the public under actual conditions of a muleer aocident

m t be predeted.ned. Protective acton recommendations in ay

individual ese maust be based cn the aotual ooaditi.one that e*zut

end ae projected at the tm of the accident.
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PWs GMaOt be used to &MUM tt a give. level Of eGIVORU to -
ldivtdusaA t populatn Is prevented. n my particula

response s tut cm , a zreoa of doses my be oaeineoed, dopodUA

nostly an the distance trm the point of lnae". lame of tbom

dose mor be Jn sNxes of the PA levels ad oloaly wunt the

initiatlon of my feasible prote tive actions. This does not ma,

towever, that all does above PAO levels ma be prevented.

urthemsore, PAM. represent on1y trier levels ad as not intended

to reopmnt acceptable dose levels. PM. we tools to be used In

91--4m and as deoiAca aids in the actual response sit utian f r

purp mes of dose saviias.

Under emroay enditions all reasonable murese should be

taken to ainudue rulation exposures to the general publi and to

morgmay work s. ZA the absence of sinAifiamt onstraints md in

eammidersLm of the Coeera11y acoepted public balth prmtace of

LLting radiation ecstures to as low as reasonably achivable

levels, responsible uthorities may want to Amplement lawe Imact

protective actions at projected doses below the PAs.

Thu reoornendatians provide a rangs of PO values becuse

Implementatiom of th gidenoe will always require the use of pod

judept and a ocAnlderatian of local constraints. The lowest value

abould be used if there we no major local constraints , providing

protection at that level, empecas.ay to sensitive populations.

Revised. 6/79
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Loc s tramaU t may ma loer vaues Imra tial to use, but is

io am should thU shi alue be eu u eed in detua talag Us need

tw potective o tim. The questionvm . tably nmoes, them, at

shat projected de below the inm PM value should protective

astion nm ,IaM be onsidered. TbIs to a value jtdpet an the

PIK of the WiWmo 00owdLmts, bt should be based m the

tollu. ns omA.deu .am:

a. Are the risks asciated with taking protective atan at

1w projectud desoe greater tbm the risks associated with the law

sojected rdia.io dene?

b. s there a reasamable probability thit the protective

actiin being osidered am be sumeftIly iLpmemtei witbeft

esmble ot ar herisbp an the partinipunts?

a a. At 7r.7 lw projected daes, efrarts to protst the

poua-%4 M my do Mar her then good.

The intent i to a llowa lex ility in the lmentatiom of

the mlane because Iowal omaitiams will very and because special

m be available. But above the upper PLO rangs, ther

Is migWiLmwt risk to the eased poaglattnms, and responsible

aes ould amier it madator be "l to npleent effretive

protective action, rseopisin that ubhen en tent actully

Ioure, miorIsem onitimn or onstraints y prevail sof th t

protueiamai judgment ill be requiued with epuwd to priorities for

protestin the public.
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31dMISS for SIGNSOM workers Igve a@ dOne UldU beam

it IS issamised that MItCIal @±YII f t Is mlet OOsta h iale

preteativa atiomu are take f the p U papuatiom, and this

my require eimrgenyimuker to receive rndiation epsm during

smagmols that otherwise would not be peated bposuweO Of

emu'gema wrkers to =W don*se v e is otjstf e us It is

determined that benefit to sosiety are being achieved and efforts

are bansmde to Lut their domee to leves as uw as remuebLy

soblevable. meahemy wm.mer aauLd easa of bea~t adults d

should not ineLude wmm that eOuLs paemtiaLy be Prn .

hergeay reuonse plman m JAd provide for speelaised

pv*t4otie n fer i n iuq woikgm awin smeign y activities. This

would Iclude respirtory protectio, It needed, to redue Inta l

eand thyroid d r o esfau i Latin ad Perhaps Prophylbcti.

dropi that prevent, thyroid ceosure from Inkalad rediolodine.

Ther should be appropriate Inst umation to ermfy ammsueso and

coaioatin teohniques to prevet .. .-. unby war"in

murgoy workers who to withdraw from radiation fields.

The health risk associated with dose Limits recomened for

hifmft l aoupsii are eftremly high, and snok hi* domse should

be meslved only on a vohatary basis by imdividsls meve of the

ftsak Involved. Lfenaing msotm should be perfamer by perons

In good health whoe mnl dutles lave traind thu for such

aisalOns.

Revised 6/T9
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Appendix D

Technical Uses for Methods that Istimate

-- 1.0 introduction

If an incident wase to occur at a reactor resulting in

mobilisatim of the fission product inventory, the radioactive

isotopes of iodise md the sable gases plus a smaller quantity of

particulates might be released to the mnviromnt in quanities

exceeding normal operating limits. Under these conditions, it would

be necessary fo responsible public officials to quickly determin

ibether protective actions should be taken to protect the public.

The decision to implemnt protective actions would be based, in

pr, an th projected radiation doesI that might be received by

individuals In the population. Wose projections my be determined

fro ne- of three information bases or combinations thereof:

(1) reactor system status, (2) release rate of radioactive

materials, and (3) envirommntal measuremnts.* Dose projection

based an reactor syste status will be primarily the responsibility

of nclear facility officials and will not be discussed here. The

lrojected radiation dose is defined as the dose the exposed
persons would receive in the a&Meowe of protective nation and
includes comitted dose the: my be received as a result of ingested
or inhaled radioective material.



stimation of projected dose based an weese. rates and

mviuommnal mossuommts will to mseeuet be the responsibility

of State and local Snt officials. Procedures for aking

these estimtes meve given in Chapter S, and this Appeadi provides

the technical bases for those procedure.

Two exposure pathways are considered: (1) whole body Sisn

exposure from radioactive noble Sames and iodine. in the plums, ad

(2) inhalation of rediojoddass in. the plums. Additional whole body

external sepoe would scur from deposited radioactive

particulates in odines. Over an extmnded period of days to weeks

or mebnts this source could be significant or even dominant.

Nokver, duing the period of plme passage, exposure from deposited

materials is not expected to be significant compared to exosureD

from the plums. Therefore, sparate procedures for estimating the

whole body does from deposited materials are not provided in this

Appendix.

nohe nvironental measurement techniques considered wte gae

exposure rate maasurements and gross redioiodins concseration

measurements. *Methods wte developed for esiating the projected

thyroid dose coszu from either of the"se easurmsat.. Although

the estimation of throid dose comtmsnt from gmia epossre rate

measurements is recognized as a crude approzimation, it is a

currently implimntabls and rapid method. field insrmentation



capable of measuring gross radioiodine concentration in the proesme

of aoble games is under dsvelopmsnt. Via method abold replaes or

eupplement the Soma e3*osure rate usthod fee estimating projected

thyroid dos coimitoent as some as possible. Projected whale body

Vona dose from azterual exposure to the plans is simply the

integral of dose rate over the duration of ampesure.

1.1 Appoach

Calculated values for projected thyroid dose cowftmt and

projected whole body doe mre a furetion of tOn isotopic compoition

of the radionuc lids beowing cloud. This cload composition is, in

turu9 determined by the respective release race@ of specific

radionuclides from the reactor cotainw and the age of the

fission products. Zn addition, the projected domes n waslation

meml hum receptors will very as a function of the pertinent

pbysiological and metaboLic characteristics ascribed to the

individumal incurring the dose.

Given suafficient ctue, one could project the throid dose

comitnent by measuring or calculating the airborne concentration of

each isotope of radioiodiae, integrate these conemntrations over the

Period of exposure, wIntiply by the appropriate dose conversion

factor for ewa isotope, end thee am these values. Ninever, during

the emergency period following as incident, shm analyses weld be

too tim-coesiming, mid more simiple methods immst be used.

-D-3



The recommded simplified approach for dome projection ia to

make use of charts or iom to traneslate calculated or meured

saviroimtal par atrs into estimated projected dodo. zstimating

the whole body ozuemnal dos i only a mtter of integrating the

POINe 4wosure rAe over the estimted duration Of enPGWOm MWTh

corrnesponding method for projecting thyroid dose ia similar with the

addition of factors to convert from tim integrated concentration to

dose and correction factors to adjuat for variables that my be

This Appendix is a presentation of the processes ad

assumptions used to develop soogom for projecting both thyroid

inhalation dose co~mmet ad whole body Smedose. The mp

ane based a releases defined for a desig basis accident. without

the benefits of ongineered safeguards to reduce concentratiosa

coutsiownt. Correction factor charts awe provided for adjustin

the dose projections for (1) differeet release characteristics, (2)

tim for radioactive decay, and (3) actual mteorological condition

at the time of the accident. Other mehods involving different

type of charts an nomogram for projecting dose have been

developed by sucleer facility operators ad others. Such methods

my be fully as accurate aod acceptable am those developed in this

Apenix.
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The obarta end nomummin developed in this Appendix allow one

to quickly etIute projected whole body dome or projected thyroid

duoe aoitomt from my of the tolloding data when these data are

used with the estiated duration of exosure:
* Ubole Body Pioeoe Dm

1. Calculated gross concentrations of Iodine ad/or noble

2. NeSMauned PO~ CoMMMe rates.

mmoid oM Commnt

I . Calculated Bra" concentration of iodines.

2. Keanmd om onoentration of iodinee.

3. NMaued gama exposue rate.

Becasea the doe projection nomgram (1) ane based am gross

oncentrations, (2) osmider only a specifla time ror radioactive

dewy, and (1) do not Gomider differing dinmional characteristics

of the plume, the resulting dome projetion are subject to Meo

eme owever, the metds are based cmgbnerally onservative

assumtion, ad therefore, the doue projectioam u'wo are likely to

be eummerutive. Correction factor wve are provided for me In

sitaions uinrs actual data are avelable to substitute fOr thee

aamei is that dome projection esmteemn be mre accurate.



2. 0Unt

All radiation gait$ us"e wre those defined by the ZCM ().

Nowaver, cbsa IA hag yet to define the Concept of dose comfe~t

nd prps a s7@bL for it even thoug the ZCIP utilizes the

concept.

Richardson (2) has traced cbs history 6f cbs dose omitment

concept; the following definition ia taken from his wo.k. "Dose

Cmtmet is a future dose implied by a specific est in the pat."

3tInkstically, this concept is defined by cbs following

integral equation:

Ir a (cwdcCZ)

where J is the dose coouemc in red nd D 0 is am initial or

reference dose race.

As shown here, dose c wenc nd dose race we averages.

These average value(s) result from application of the asaimption

that radioactive material is deposited uniformly throughout tbs

target ortes.

Jwill be determined by the values selected for the Unmits of

integration. The loeer value, to a is taken as zero which defines

a reference tins or starting point at which cim a value for D*0 is

known. The ICU has suggested upper limits of 50 yeaws as the value

D-4 -



to be used foe occupational consilderations and 70 yewts for ambers

of ths general public. VA uses 100 years (3) Ame computing

emviromental do". comtmcs. in selecting an upper limit for use

in calculating the dose comi~tmas correlated with iodine

ccentratc, it is recognised that doe to the short half lives for

the iradioiodime of concern. most of the dose comtent to the

thyroid vill be delivered in lose than mne mouth. Therefore, the

difference in-do"e delivered in 30 or 100 years or infinity is

effectively 0. and Infinity is useid for convenience. The

calculational frma becomes:

1 0 is cbe effective removal coeff icient in reciprocal tim units.

2.1 ladion clid* Concentration in Air

The air concentration of fission products downwind from the

point of release is detecmined by their rats of release from the

reactor contaiient, their msnr of dispersal In the atmspbere,

and the elapsed tim sine ractor shutdo.. 7ow a gives investory

of radismuclides in the reactor core at the tim of shtow. the

contaiman relese race of a particular radionuclide dependsaso

three factors: (1) the fraction of the core inventory of the

0-7



awlide which is released to the contaimmc; (2) the race of its

removal from the contaimenc atmosphere by che engineered safety

sysem and by such sachaisas as precipitation, surface deposition,

and radioactive decay; tod (3) the contai menc leakage rate. These

three factors can vary widely depending on the sagnitude of the

accident and the functional status of the engineered safecy

systm. * Yagw , if we ases that a given fraction of the core

inventory of a specific radionuclide is aaiable for release to the

contaiment immdiately after reactor shutdown (4,5) and that the

engineered safscy system act to reduce the containment inventory of

the radionuclide by some fixed factor within a short time after the

radianuclide release into containment, then the analysis of the

radionuclide release from the containment can be simplified. Under

those assumptions, the removal of a radionuclide from the D
contaiment atmophere by the engineered safety system can be

regarded as me additional barrier, or filter, affecting the fraction

of the core inventory of the radionuclide which is released to the

concsimen. If Tlk is the fraction of the core inventory of the

kth radionuclide which is released to the contaiment, 72k is the

frastion of the released radionuclide which is not removed by the

engineered safety syetm, and Ak is the activity of the kth

radionuclide in curies, then the concaicment inventory of the kth

radionuclide at tim t, Ck(t), is given by

D.



Ck(t) "'lk 72k Ak(t) curies. (2.1)

Combining the product of 7 Ik and 7 k into a total relese

fraction Yk ,

Ck(t) - FkAk(t) curies. (2.2)

Amming that 100 percent of the contaiment investory is

available for release to the environment via containment leakage,

the radionuclide release rate from the containment is determined by

the product of the radionuclide core inventory, its total release

fraction, and the containment leakage rate. In theae term , the

release race from the containm nt of the kth radionuclide my be

written as:

k(t') - A k(t') • rk -L(t') , (2.3)

where:

ik(t') - containment release rate of the kth radionuclide

(Cels)

t° - tim of release after reactor shutdown (a)

Ak(t') a core inventory of kth radionuclide at time c' (Ci)

7k - total release fraction of the kth radiomulide

L(t') a containment fractional leakage rate at time t' (-)

D-9
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After ehe Lission produces have been released to the

enviemen. their concentration, as a function of downwind

distance, is dependent on the amospheric conditions at the time of

release and on their respective deposition velocities. owveer, if

the deposition velocity of the radionuclides is neglected and the

containmeut leakage race is assumed to be constant, the air

concentration of the kth radionuclide is given by the following

equation:

xk(r,t) -k(€) X/Q(r)

- Ak(t) - Yk •L XI/(r) (2.4)

where:

Xk(rt) - concentration of kth radionuclide at point r

relative to the point of release and time t ater

reactor shutdown (Cilm3 ).

X/Q(r) a time invariant atmospheric diffusion function

relative to the point of tlease (sl 3 ), and A k is

evaluated at the same tine as Xk to allow for

fission product decay and ingrowth during time of

flight.

D-10



The total radionuclide concenracion of a cloud consiscing of N

radionuclides is given by the san of conceucrations of its

individual components. Thus,

x(rt) - k Ak(t) 1k L x/(r)

- .x/ (r) z Ak(t)yk (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

radioiodines sad whole body uloud gsn doses due to radioiodines

and noble gases which might be released in a potential nuclear

reactor accidiant. Doses to other organs are not considered.

2.2.1 Whole Bod, Cloud Ga Doses

The cloud Sana dose is a dose which is received as a. . -..

consequence of exterual expovure to ga radiation emitted by the

airborne radioactive fission products. In some cases, the whole

body dose would be projected based on meaaurmnmts of exposure rate

in the environset and an estimated duration of expeure. In other

cases, projected whole body dose my be based on calculated

concentrations in the enviroa nt and estimated duration of

exposure. Since gmn rays cm travel great distances in air,

D-L1



calculations of whole body Sumna does from airborne concentraimons

Sconsider the radionuclide composition and concentration spatal

distributiens within the cloud. Rigorous calculations of cloud

ga doees equiretr dimesUional integraon of a riate

dose attenuation kernels with respect to space, as wall as with

respect to time. towever, if the cloud am be consider"d to be

es-infinite in euent (reference (6), cection 7.4.1.1), thea, for

a point located on the ground, the gm dose rats in air from the

kth radionuclide is Siven by

6I"(r.t) 0.1.5 K Xk(r' t) *(1.6)

rw(r,t) - a dose rate from the kth radionuclide

distributed in a semi-infinite cloud (rad/s)

k - average gama energy per disintegation of the

kth radionuclide (NeV/diain:egraton), and Yrt).

which ha been defined previously, ban the units of
C/3.

Using Sq. (2.6), and assming that the whole body Smn does

rate is equal to thae eosure rate in air, ow could calculate

the whole body gna dose that would be received by an individual

0-12



expoeed to a infinite cloud of gaseous fission products by

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

exposure. Umiever, since it is expected that the cloud s8ae

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

time after plum arrival, the dose at that location am be

conservatively estimated by simply multiplying the measured gema

exposure rate by the expected duration of exposure. Tis dose

projection method would tend to be conservative because the

radiological decq of the fission products after the measurment

would be neglected. Other factors such as changes in plume

direction, changes in Bateorlogical conditions, or changes in

release rate could san either higb or low dose projections.

__ A method can also be developed for projecting whole body ima

doses based an known or calculated fission product concentrations.

Since the gsma dose rate from a soi-infinito cloud consisting of M

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

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

k-I
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lne x% rt) a 8iven by Sq. (2.4), s.ubstttiom of dtat

peadssim L.WA sq. (2.7) yields the followla:

iyw(a,t) o 0.5 9 Ak(t) 't L x/4(r)k-I

a 0.3. L x/q(r) kI z A(t) 1k red/.. (2.8)

wtbauee., lwee d total e daummelde acentat on at

(r,t) La g1w. by 24. (2.3), the ratio od the om-infaLte cloud

Memo do** rt* to the total rediauLslide comecetration, (Wae), Ls

givenbyD

0.25 L X/4j() Zk Z (t) T k

T X/4(r) : A(t) TV
koI

o.3r Ak(t) 7  1,
" -' kaL-- , radlSec(.)

k Zk(g) r.k

Thus, given a knowledge of aseou filain produc:t

conmcmtion at a given location som after plume arrival, the

dole body cloud 8 dos to m individual at that leatln my be

projected by nultiplyLg the Conce-taton by the faccr aC(t) and

0-14
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l .1

by the ampeted duatio of expoure. This method my aleo be nee

to project whole body cloud gm doses fm vible gas" which night

be released in a reactor accidemt.

. 2.2.2 ThYiSd IMbaltlion Doses

The thyroid inhalatin dose is sm internal doe cmmmen

which is received " a consequence of inhaling eedioiodinee presem

in the air at the point of expoeure. (The term inhalation dose or

thyroid dose as used in this report memn thyroid do"e cmmitment.)

The inhalation dose doe to the expoenre to air containing the

khh iodine isotope is giren by tbe integral of the concentratin

over the period of expoure,

ta +at.. h t84,h

D*C~ a' f' =;~1 Xt(r,:) d: 2.0

ta

where:

Dk(r,ta,e) a thMyoid inhalation dose resulting from

exposure to the kth iodine isotope (red)

t a t-me after reactor shutdm at which exposure

mmoscee (a)

t duracion of expoe, or the inhalation time (s)

Docak " thyToid inhalation dose conversim factor for the

kth iodine isotope, r and X(rt) has bem

defined previously.
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U e md.LsodLs asomemsim is air iL cmpoed of I Lodi=

Lsocopes, tbm the inhalatia do" L. equal to thea of the does

received from Lds.Lag the iadiv dual Ladin iotopes. Ue, the

combined doe is

Dth~c,,,*). :" c=h(,%

-: ock x(e,,) de wd. (1.11)

Ca

Substituting cbs epessLom for X(r,t) frm Eq. (2.4) into

Sq. (2.11). one obtains

t a t +

I j* I
D (~t~e) L Xr ) Z :h~1 A,(t) k t /4rd

I a



lb. ratio, UCC: ,tot). of . c.ebimed uyroid

isalalai does, D(Trcta), w tbe tow redt"Ldime

cfncentraction, X(r,te), at point r, sed time ts, w e.

t t t t a., am be obtained by dividin 3q. (2.12) by

24. (2.5). It am be w rit as

L X/Q(r) z f ~ kt) Fit d

t

ace * t

z f (h A"() dt

ta  rad(.

S7kk(tc) CIm

liace UIC{ , e Ic) is the ratio of thyroid inhaladian

does to radiodLon concentation, given a knowledge of the total

redLoiodiae concemration at a given location, at time t after

reactor shutdom, am am project the thyroid inhalation does

resultiag frm n exposure begiuLing at ta seconds after reactor

shutdows, mad lasting foe a period of t* seconds, by simply

multiplying eClc, ', €c) by the knom radioiodLe

acucentraD-n.
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6*rem*ed mebametcaLly,

DCr,, It ) 3CC e It )*x(r,e rod. C.4a 4 a a-t a

Since IC(c * ,:t C) is indpendent of position, this

procadanre my be usmed anywhere within the radioactive p lun,

provided that the eoca~l radloiodine concaneration La air La

detaemned at the location for which the thyroid isalaatias dose is

projected, and that the ceaporal porameers ya t, 4 end t~ ca

known.

Tioing a similar method, it is also possible to estimate

projected thtyroid inhalatioc domes an the basis of environmeental -
measurements of cloud pama dose rates.* To do this it is necessary

to develop a ralationship between as dome rates and iodine

concentrations in the plums and then to use this to determi.ne the

projected thyroid dose.

If the gaseous fiss ion product concentration at a given

position is composed of N radioiodinm end K noble gases, then the

ratio of total iodine concentration to the amm-infinite cloud Soma

dose race, 1104(t), is give, by

E AiL(OF 1i
UG(t) X rt).... i Ii CL/U (.3

114K y ,(t radlMac (.5

k-IS



Simse the ratio of thyrid inhalation dos to radiaiodise

concentration is gives by the factor RIC(tae , t C ).* the

thyroid inhalation doe

3 t (r'ee) (IC(ta*ta*: ) - n'cte )1 6'(rt ) red. (.w

Tom if the tine that has elapsed since reactor shutdown is

I- -., the redioiediue thyroid iabalation dose can be projected at a

iven location for an expected -inhalatics period by measuring the

cloud gar dos rate at that location and by ritiplying it by the

eupression in parentheses in the above equation.

While the factors RIC and RIG wera expressed as funedtie of

radioclide core inventori~es adreleare fractions, in vim of

Eq. (2.4), it should be recalled that they wre actually funtions of

fission product release rates f rem the tmtaimest. Since the

rolease rate of the kth radionuc lide frow the costaiint is Sivas

by 4k(t'), the factor RIC, in particular, cas be epressed is

terns of release rates as

lIG L)ui- (2.17)

0.25 Z rk kh(t)
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or, Ln terms of contaiment radioiodi. and noble gas inventoties. a

I

: z
0.25 Z ! Ck,(t)

k-I

whert 4k end Ck are evaluatced at tim e to allow for

radiological decay during tim of flight.

Defining the average gmis eaergy released per disintegration

of a radioiodine &ton to be

and the arerage gina anewv released pet disintegration of a noble

gas atom to be

N

j-l
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rq. (2.18) wAy be wricten as

z -i~t) -- t

lju t,,

y y

3q. (2.19) illustrate* the obvious fact that the ratio of

iodine concentration to gm dose rate depends on the relative

release rates of the iodine* md *oble as from the reactor

cousinment or, &ssomi a radionuclide independent coutaimnt

leakage race, on their relative inventories in the contaiimec.

Thus, in order to be able to project thyroid inhalation doses on the

basis of cloud gama dose rates, it is only necessary to know the

relative containtmt release rates of radioiodines and noble gases

end not tbeir abeoLute usVicudes. Furtherore, since release from

the coot ina would reduce the radioiodine and noble gas

inventories by the s fractional moents., their depletion by

leakage into the aIvirment need not be considered in assessing

their relative release rates.
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2.2.3 finite Cloud Correction

The above method for projoti g thyroid Imlation doses by

measurig cloud g dose rates was based cc the asuimption that

the loud is sei-Infinite in extent. However, for a particular

concentration, the actual ge dose rate frm a finite plum would

tend to be anLler tha that from an infinite cloud. Thus,

projections of whole body g doses based on calculated

radionuolide concentrations in the plum would tend to everetiate

the doses. Conversely, projections of thyroid .nhalation doses

based on measurements of g dose rates would tend to

underestimate the inhalation doses because of reduced g dose

rat.
r Te ratio of dose rate in a finite aloud to the w D

dose rate In an infinite aloud having the sam concentration as the

centerline of the finite Cloud for 0.7 HeY a photons is shorn in

figure 7. 14 of refere o (6). It depends only slightly on gamn

photon energ and may be asumed to be valid for the ps energy

spectru of radiLiodines and noble gues. This ratio is plotted as

a function of a, the standard deviation of the cloud concentration

for the cloud centaerline and for locations off the cantuAine. For

a ground level release, the value of a can be replaced by a average

which is (y a ) I. figures 3.10 and 3.11 of reference (1)

provide values for ay and a as a function of downwind distance
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for the Pasquill stability classes A through F. The resulting

values for a cm be used in figure 7.14 of reference (6) to

detersine the ratio of the gsima dose rate in a finite cloud to the

emma doe rate in a smi-infinite cloud for the different stability

classes and at different downwind distances.

This functional dependence can be expressed mathematically a

(a, z, I) (2.20)

where:

,rt.o of gmia dose rate from a finite cloud to that

frm m infinite cloud

z - downrind distance of exposed location from point of

release

X a atmospheric stability class (A, D, C, D, I, or F)

0 a average radionuclide concentration standard deviation.

By dividing the measured cloud gnem dose rate by the ratio

or by miltiplying it by its inverse, .-- one can compensate

for the reduced gaia dose rate from a finite cloud in projecting

radioiodine thyroid inhalation doses based oan envirommental

masurements of gine dose rates in air.
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3.0 Input Parameters

3.1 Radionuolide Source Tm

Table 3.1 gives the fission product source inventory and

associated data which was used in this Appendix to develop whole

body and thyroid Inhalation dose projection methods.

The radionuclide source tam are essentially the same as those

glven in WLAS-100, Appendix VI (7), except for the inventories of

metastable Xe-13m and Ue-135m, which are based on RSAC code

calculations (8). They are also In good agreement with source terms

calculated by Anna, et al. (1), nd represent the equilibrium core

inventory of radiolodines and noble Ws in a typical 1,000 1fe

(3,200 IMt) pow reactor. Thes initial core inventories were used

to calculate radionuclide activities as a function of time according

to decay relationships presented in figure 3.1. Since Cs-135 can be

regarded as stable (half-life a 2.3 z 10 years), eleven decay

chains2 are of sufficient length to describe the temporal behavior

ot radionuclides listed in table 3.1.

2 Eleven chains were used to account for mltiple decay
modes. The fraction of a nuclide in a decay chain is determined by
the branching fraction for decay wl.ain that chain.
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Table 3.1. d coulce arw&

N* l3 d . fef a  rnta Iv mtory" Average Beha. I "me e Averge im a Zaai

(hr) (106 Ci) per Di, utegraz.ion per Dlslntevraonto (Nov) yT (MAv)

4 inn

Tr-85 9.4 z 10&  0.0056 0.251 0.0022

Kr-IS, 4.48 0.24 0.226 0.18

Xr-87 .1.27 0.47 1.33 0.79

Kr-88 2.8 0.68 0.249 2.2

Map-33 127 1.7 0.102 0.030C

Xs-133m 53.5 0.04 0.0 0.020'

16-135 9.17 0.34 0.310 0.26

Ze-135u 0.27 0.19 0.0 0.53

S 1-131 193 0.85 0.185 0.39

1-132 2.29 1.2 0.525 2.2

1-133 20.8 1.7 0.417 0.60

1-134 0.877 1.9 0.691 2.6

not 1-135 6.59 1.5 0.394 1.5

aftam table VIZ, reerefce -0.

b3essed on refermce () and ()

Corrected for Interal conversion (table VI, refen (10).
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I: (stable)
87 OI 87 (tb-)

xxErMl Sr (stable)

1 131 aXIMIJ 1 (stable)

I132 . B- ULU (stable)

1133 (0.14) Is 133m

0.4 13 1 A133 (stable) D

1 134 a MY13 (stable)

15 (0.15) a 1413501

IT

Its 3 5 a w B15 (sable)

Based on data in rfel e (10).
IT a isomeric transition.
Braching ratias in Waentheses.

figure 3.1. ladlotodine ad noble San deal chains.
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3.2 Ahyroid Dose Conversion Factors for Rad o.odin. Inhalation

To use the thyroid inhalation dose projectin methods discussed

in section 2.2.2 of this Appendix, It is neoessary to determine the

appropriate dose conversion factors for the Individual radiotodine

isotopes wh .h mIhtt be present In air at the point of exposawe.

The thyroid inhalation dose conversion factor, tCPkhasbeDC11 ,hasbeen

defined to be equal to the inhalation dose to the thyroid rmslting

from the exposure to a unit Integrated activity In air of the kth

radLoodine isotope. It my be wrltten as

an fak f afxp(-Kt)dt

DCFth a 5.92 z 102  0
k[ a

a 5.92 x ,o R f 'ak k (3.1)

where:

CL'th a thyroid inhalation dose conversion factor for the

leth iodine isotope (rad- 3 /Ci-s)

DR a breathing rate (3/2)

fa fraction of inhaled activity of the leth

radiolodins isotope whiob deposits In the thyroid

a a mass of the thyroid (S)
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Seffective emery absorbed in the thyroid per

diuintegratin of the kth radioodia ace

(NeV/din)

5.92 x 102 . 1.6 x 10- 8 rad-S/RoV x 3.7 z10 10 dis/s-CL

(rad-g-dis/MeV-u-Ci)

I = effective decay constant of the kth radioiodine

in the thyroid (WI)

0.693 '0.693%,.m, %.r.

where:

%lk a nuclear half-life of the kth radioiodine (a)

ML biological half-life Ln the thyroid of the kth

radiolodiae (a).

3.2.1 DeLpendece of Thyroid Kass and Breathing Rate on e Dn
Since the thyroid ms, as well as meabolic activity, depends

ea a person's age, the dose coaversian factor can be expected to be

a function of age, and, to properly evaluate it, the age dependence

of the paramisers n, f af, T, a, and I I mc be determined.

Table 3.2 presents values of total body mase, thyroid mass, and

breathing rate a function of age. All values are based on data

in refarence (11). The values of breathing rate r characteris tic

of the "light activity" phase, which is greater than the daily

average breathing rate, especially La the case of a newbora. The

breahing ratces of the S year old and 13 year old mere determined by

graphical interpolation on the basis of body sass.
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Table 3.2. Body me, thyrdU a", ad bmathUM rate
as a £inction of age

Age body Hues Thyroid Noss Breathlag Rate
Years kg 9

Neborn 3.5 1 2.5 "S0

1 10 1.4 6.9 1-5

5 19 3.6 1. 31-

10 33 7.4 2.2 1-04

is 60 12.1 3.2 -

-'Adult 70 16 3.319-04

W~ntxpolcedan the basis of body mass.
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3.2.2 Uptake of Inhaled Radioiodine into the Thyroid

Thyroidal iodine uptake is dependent to a large etent on the

total iodine in the die. -The federation of American Societies for

Uxperimental Biology prepared a report an "Iodine in Foods" for the

Food end Drug Adiniscratiom. (12). In this report, iodine ms not

as comng froin diet wirt a ange of 382t o 454 j aI/day; and from

the atmosphere, 5 to 100 ug I/day. The total estimated intake is

more than twice the t-ecommaded daily allowance of 35 to 150 iug

I/day.

The reflection of variation in dietary intake of iodine in the

fractional uptake of iodine is vell known (13,14,15). The effects

of the changing dietary iodine values have been reflected in the

24-hour thyroid uptake values recently reported for iodLne-131

(12,16-12). The new values reported include 21.5Z ± 6Z (18),

12.1Z t 6.11 (19), 19Z t 8Z (20), 15.6Z t 4.52 (21), 15.4Z I 6.8Z

(22), 20.OZ * 6.5Z (23), and 17.4Z ! () 7.2Z (24). The average of

these values is 17.31 uptake.

Karhausen, at al. (23), reviewed the reports in the literature

and compared the 24-hour 1-131 uptake values reported in children

from birth to 20 years of ale with their own data. The results

support the thesis that from birth to about I year of age there is a

reduction in the thyroid uptake value. At birth, thyroid uptake is
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from 1.5 to ties higher than the adult value, but by I ar of

age it hs dropped dorm to about the adult value (in Karbausmn, at

al. (23). from 40 to 70Z uptake at birth down to %. 30Z uptake at 1

yew of age and older). The particularly high values (60-70Z) have

been observed in the first few days after birth (24). l'in, et &I.

(25), found in their review of the literature that after 2 years of

age the thyroid uptake value wa relatively constant. Welaa ,

at &1. (26). reported similar findings.

n the basis of this literature survey, the fraction of

ingested radioiodine activity which deposits in the thyroid, fv.

is assuied to be 30 percent for individuals less than 1 year old and

17 percent for individuals above the age of I year. Siuce this

value is based an data for 1-131, it should be conservative for the

shorter lived iodine isotopes. if the fraction of inhaled

radioiodine which reaches the thyroid, fa, is assumed to be 75

percent of f_ (27), then fa is equal to 23 percent for

individuals under 1 year of age and 13 percent for individuals I
G *0'*-. .-. ~

year old ad older.

3.2.3 ffective Decay Energies of 1-131, 1-132, 1-133, 1-134, and
1-135 in uman TrAyro2.d

Nulei of iodine isotopes 1-131 through 1-135 all decay by the

emission of beta (6) particles. In general, when a nucleus sits a

beta particle, it is left in an excited state and sheds its excess

evergy by either emitting a g () ray or by internally

converting an orbital electron (28).
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ConserntiAvely asm-4L that the total bet and electronu amr

JA ocsay absorbed In the thyroid, the effeotive"desny ame of

am* radionuclide is the amn ofth e average beta aergey, the enerl

of the onvted and Auger s..t artn, and the fraction of emitted

x-ray and ms-ray energy which is absorbed locally IA the thyroid.

Thus, the effective deasy senrg

I.!,.z..*~z(3.2)

whre:

2 9 the average beta marc

to a the energ of the converted and Auger electrons

3Y1 a the Merv of the ith x or pm-ray, and D
01 a the fractios NY which is locally absorbed in the

thyroid. .

Fo radianuclides which hrave complicated decay schemes,

rgorus calculation of i can become quite tedious. Rance, an

approzImte method of calculating the effective decay emarner of

1-131 through 1-135 wa developed which, at a substantial savings in

effort, yields values of which are believed to be sufficiently

accurate for accident dose calculati.n.
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Table 3.1, in section 3.1, presents the radioactive half-lves

an average beta an Sese energies emitted per disintegration by

nuclei of 1-131 through 1-133. The value of 17g in table 3.1 is the

total transition =*TV 3 and includes mny internal convers ion

energy as mil as the average gae energy emitted per

disintegration.

In radionuc lides under consideration, the process of internal

conversion is relatively unimportant. England, at al. (10) (tables

VI and VII), indicate that in 1-131 and 1-135 the internal

conversion energ (energy of ejected electrons and associated

x-rays) accounts for only 0.0104 and 0.0136 of the total transition

emery of the two radionuclides, respectively. Conservatively

assuming that all of the internal conversion energy is imparted to

ejected electrons, the energy of these electrons would account f or

only about 2 percent of the average 1-L31 beta enary and

approzimtely 9 percent of the average 1-135 beta energy. Dilisan,

et al. (28), indicate that the su of the energies of the converted

sand Auger electrons accounts for as much as .5 percent of the average

1-131 beta energy and for about 1 percent of the average 1-133 beta

euery. Considering the relative contributions of the five iodine

isotopes in a reactor grade isotopic mixture to the thyroid

3 imergy liberated in transition from an excited state to the
ground ste.
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inbalstin de (t-IP TZ 13-, reference (1)) and the depee of

Wemuar reuired fo projacting doses in accident situations,

internal oUvsion can clearly be neglected in UouAtLag the

effective deMY energLS of 1-131 throu*b 1-135 in the bin Uy"oid.

As indicated in Zq. (3.2), the absorbed traction, *, Is a

fumotimn of s photon qnerv. . nowever, as a fir t

aPProzdMatiCn, # my be taken to be a oonstant, equal to its value

at the average photon energy, TR.Y Then, th effective decay

Georgis

B Y . * (3.3)

w..re u•(iv,.nd if • D "

Values of Ti for 1-131 through 1-135 are presented below and,
except tar 1-134, were all taken from table I, reference (8). The

value of for I-13R u s Im.iated from decay data in table 1,.

reference (_n).

Iodine Isotope 1-131 Z-132 1-133 I-134 1-135

1y (MeV/pboton) o.4 0.79 0.56 0.9 1.5
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Values of 0 as a fumtion of individual age and iodine isotope.

which were detemined by this method, re presented in table 3.3.

Table 3.4 presents the calculated effective disintegration energies

of the five iodine isotopes in the thyroid as a function of age.

The accuracy of this wethod of calculating effective decay

emrgies was tested by comparing the values of I for 1-131 and

1-133, for a five year old, to values of T calculated rigorously

according to Eq. (3.2). The conversion process was fully

considered, decay data in reference (28) was used, and values of

as a function of thyroid mass and photon enmery ware obtained by

graphical interpolation of data in table 22.1, reference (30).

To within ten significant figures, the values of I were found

to be 0.20 HeY end 0.42 for 11-131 nd 1-133, respectively. The

differeces are mainly due to slight discrepancies in decay energies

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

3.2.4 Effective Decat Constants of Iodine Isoto es 1-131 through
1-lJ in the Human Thyroid as a Function of Subject Ae

Table 3.5 shows the age dependence of the effective decay

constants (li1) of the five iodine isotopes uinder consideration

in the humen thyroid. These values were calculated using the

smclear decay half-lives in table 3.1 and estimates of biological

half-lives in reference (31).
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Table 3.3. Absorbed fractions () n the thyroid
as a Luction of aSe d iodine isotope

Thyroid
Age e" Absorbed Traction OO) for
Years 9 1-13 1-132 1-133 1-04 1-135

Naiborn 1 0.0048 0.0048 0.0050 0.0047 0.0043

1 1.8 .0060 .0060 .0062 .0059 .0054

5 3.6 .018 .017 .018 .017 .015

10 7.4 .023 .023 .025 .023 .021

15 12.1 .028 .027 .028 .026 023

Adult 16 .031 .029 .031 .029 .026

(a)MLIs InfLormtion ws derived from infor.ation in table 22.1,
reference (30). The absorbed fraction for a 1 gram thyroid was obtained
by mlc:iplyl g the value of # for a 2 gram thy.oid by the ratio of cube
roots of the messes. Values of 4 for specific photon energies and
throId asses vere obtained by either choosing the closest values
presented In the referenc or by Interpolation.
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Table 3.4. Effective decay anergim for 1-131 through 1-135
preent in the hbyroid as a function of as*

Age Effective Decay Enersy I(NeV) for

Teams 1-131 1-032 1-133 X-134 1-135

Naiborn 0.19 0.54 0.42 0.70 0.40

1 .19 .54 .42 .70 .40

5 .19 .56 .43 .74 .42

10 .19 .58 .43 .75 .42

15 .20 .59 .43 .76 .43

Adult .20 .39 44.77 .43
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Table 3.5 .,fe :ve decAy con sants of 1-131 through I-135
In the human thyroid as a function of age

ffective Decay Constant (a)
Age

Tears 1-131 1-132 1-133 1-134 1-135

Newborn 1.4Z-06 8.51-05 9.73-06 2.21-04 3.0-05

1 1. --06 8.51-05 9.51-06 2.2Z-04 3.01-05

3 1.31-06 8.51-05 9.53-06 2.2E-04 3.O1-05

10 1.13-06 8.41-05 9.49-06 2.21-04 2.9E-05

13 1.3Z-06 8.4it-05 9.4.-06 2.21-04 2.91-OS

Adult 1.13-06 8.42-05 9.31-06 2.21-04 2.93-05
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3.2.5 endence of Thyroid Dose Conversion Factor on As*

The age dependent thyroid dose conversion factors for iodine

isotopes 1-131 through 1-135 hae beau colcu..ted according to

Sq. (3.1) and we presented in table 3.6. The age group which would

receive the greatest thyroid inhalation dose from an exposure to a

given radioiodine activity concentration in air appears to be

coupsed 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 a1so indicates that the variation of the dose conversion

factor with age is rather small, especially below to the age of 10

years.

As in the case of whole body 8amn dose calculations, it is

seamed that the thyroid dose equivalent in ruom is equal to the

aborbed dose in rods.

4.0 Results

Table 4.1 presents the combined core and contaimnt inventory,

k(t), of noble 8ase and halogens as a function of time after

shutdown. The containment leakage rate is assuned to be zero, and

thus, the decrease of the radioiodine and noble gas inventories with

time is due only to radioactive decay.

esed on data in table 4.1, table 4.2 presents the ratio of

iodine to noble gas inventory in the containment as a function of

tiue after shutdown and the iodine release fraction. Assuing a
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Table 3.6. Thyrold do@e couversion factor
ea function of qe and Lodine isotope

nLtAlation Dose Per Unit Activity Expoeute,
r1ds

Age C-.. Itu
Years

1-131 1-132 -133 1-134 1-135

Newborn 450 22 130 11 45

1 430 19 130 9.7 39

5 400 18 130 9.4 39

10 400 16 110 7.7 33

15 380 14 93 7.0 30 D
Adult 290 11 76 5.6 23

N.umrfmm Age Group 450 22 150 1. 45
Newborn

Ratto of Mazmm 1.6 2.0 2.0 2.0 2.0
Age Group to Adult
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Table 4.31. Noble as. and Ion ImYCoiy In tb. uuactor coIa
an 4 ogt±inmnt as functio of t~a

TmAfter Total Iodune Tocal Noble Gas
sudw zwentor7 lanemtory

(0) ,i0, c1) (106 Cl) _

0.0 7.2 3.7

3.0 S.6 3.4

2.0 4.7 3.2

3.0 4.1 3.0

4.0 3.8 2.9

6.0 3.2 2.8

12.0 2.4 2.5

stated on the hucdown eqLUb-.m core i.to'y of a typical
1.000 We (3,200 Wt€) power reactor and xero contamnmt leaage rate.
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radionuolide independent containment leaJaie rate and X/Q, this

would also be the ratio of iodine to noble gas release rates and

14
concentrations in air. The release fraction of noble Wases is

taken to be equal to one. Because of their slilar chemical

properties, all iodine isotopes are assmmed to have equal release

fractions.

The values in table 4.2 indicate that the ratio of total

Lodines to noble Sues varies from approximately 2 at shutdown to 1

at 12 bours. At an iodine release fraction equal to 0.25,

corresponding to a desin basis accident (,),this ratio varies

frm approzimtely 0.5 to 0.25 over the 12-hour period after

shutdown.

4.1 Whole Body Dose

Table 4.3 presents the ratio of the seiL-infinito cloud gamm

dose rate to the noble gas concentration (ROCn') as a function of

time after shutdown calculated in accordance with the methods

presented in section 2.2.1 of this Appendix. Since they are highly

volatile, noble sues resulting from decay of the co e equilibrium

4Allthougb a particula Lodine fraction my be released to
containment, deposition of the iodina on surfaces and the operation
of any engineered saeguards to reduce the airborne concentrations
in containment would reduce the fraction of radeiodes releaed to
the envizent. These factors will influence the correction
factors regarding the iodine to noble pa activity ratio as
discussed later.
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Table 4.3. Ratio of noble s gu does rate to noble gas concentration.,
16.as a manctics of tine after Shutcdown

TIne after SbUmt owiu

0 5.31402

2.3 3.09+02

2.5 4.31+0O2

3.5 3.71+02

4.5 3.11+2

6.5 2.31"02 1
12.5 1.21"02



Inventory of radioiodanes are assuned to contribute to the noble Ps

soure term, and the pm dose rate also includes a component from

tb-B, which is a daughter product of -- S. Also, the time units

In IOC.' have been oonverted from se ods to bours.Ui

Fiure 4.1 (figure S. a ot Chapter 5) presents a a or the

projected whole body pm dose an a function of pom done rate in

air and the projected duration of exposure. The projected whole

body do" is simply the result of multiplying the prim dose rate in

air by the projected exposure duration. The projected exposure

duration in in hours, and the pm dose rate is in mrm/hr

(10-3  em/hr). The ordinate an the risht, noble pa concentration

in air, as added by assuming a gmm dose rite to noble pas

onoentratiaon ratio of 3.1 2 102 -J----3. This particular value wu

N calculated to correspond to radiommlide mixtures that would exist

at 4.5 hours after reactor shutdown, as indicated In table 4.3. For

shutdown imes greater than 4.5 hour, this choice of ROC; for

noble paw will tend to overestimate the gama does rate relative

to noble Sa concentration. To Lostanees ot long decay periods

where only the long lived noble Ss remain, equation 2.7 and the

pm decay energes listed in table 3.1 may be used to calculate

doa rate more accurately than thoee in figure 4. 1.

4.2 Thyroid Dose

The ratio at the thyroid inhalation dose to the total

radictodine concentration in air, (RZC), caloulated by methods

preeented in section 2.2.2 of this Appendix, is given in table 4.4

an a function ot time after shutdown at which exposure begins, ta,
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end the inhalation exposure duration, t*. The time t is the

em of the time after shutdown at which release occurs and the plum

travel time. The projected exposure duration would be determined by

the functional status of the engineered safety system or the wind

direction persistence at the time of the accident. It is assmed

that monitoring personnel would be able to reach the projected

exposure point such that environmental measurements could be taken

within approximately 0.5 hours after plume arrival. A change in the

time of measurement, tc, of 0.5 hours ma found to chapg RIC by

at meet 10 percent at ta equal to 1 hour and by 2 percent at ta

equal to 12 hours.

Table 4.5 presents the values of radioiodine concentration Ln

air which would deliver a 5 rem thyroid inhalation dose to a newborn

baby (critical age group) as a function of inhalation tim and six

different times after shutdown when the exposure is assumed to be

started. These values were obtained by dividing 5 rem by the ratio

of projected thyroid dose to radioiodine concentration, UC, and are

plotted Ln figure 4.2.

As oulId 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 1-131 and 1-133 (with large dose conversion

factors) remain in the redioiodine mixture.
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Given a knovledge of the time after reactor shutdown at which

exposure begins and the projected inhalation period, figure 4.2 may

be used to determine the radioiodine concentration which would

deliver a 5 rem dose to the thyroid by simply locating the ordinate

of the appropriate ta line at the projected inhalation time t .

For my different thyroid dose the iodine concentration can be

scaled linearly. For example, if the plume arrival time at a given

location were about 4 hours and the projected exposure time were

also 4 hours, the radiciodine concentration which would deliver a 5

rem thyroid inhalation dose to a child would be equal to

approximately 2 x 10-6 Ci/m3 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. owever,

figure 4.2 should not be used to project inhalation doses from

single iodine isotopes because in its derivation a five component

.a -&tuvsof radioiodines has been assumed. For that purpose, the

dose conversion factors listed in table 3.6 may be used (multiplied

by 3.6 z 103 to 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 down

for a period such that the shorter-lived isotopes of iodine had

decayed. In such a case, the dose conversion factor for iodine-131

fiom table 3.6 would be more appropriate.
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The ratio of iodine concentration to the sem-infinite cloud

ga dose rate from iodines and noble gases, R1GO, which was

discussed in section 2.2.2, is presented in table 4.6 as a function

of time after reactor shutdown and iodine release fraction. The

increase of Ile with time is due to the decay of the short-lived

but energetic (in g energy) K S , 1-132, and 1-134.

The values in table 4.6 indicate that the ratio of iodine

concentration to semi-infinite cloud ga ma dose rate from both noble

ases and iodines varies from approximately 6 x 10 at shutdown

to 1.3 x 10-3 at 12.5 hours. For an iodine release fraction equal

to 0.25, this ratio varies from approximately 4 x 10 -4to

9 x 10 over a 12.5 hour period after shutdown.

Figure 4.3 presents a graph of projected thyroid dose as a

function of the projected tims period of exposure and either the

radioiodine concentration or the gamma dose rate in air. The

relationship between thyroid dose and radioiodine concentration was

established by selecting the 5 ram line from figure 4.2 which

corresponds to a 4 hour period after reactor shutdown at which

exposure is assumed to begin. This line was chosen because over an

inhalation period of 12 hours, all the other lines are within a t 33

percent range of the 4 hour line. For different thyroid doses, the

iodine concentration has been scaled linearly. For concentration
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measurements made less than 4 hours ate r reactor shutdown, figure

4.3 will slightly overestimate the thyroid dose; and for

measurements made more than 4 hours after reactor shutdown, the dose

will be underestimated. Figure 4.4 provides an indication of the

error involved. The ordinate of this figure provides a correction

factor.

Because of shifts in wind direction, it is unlikely that

thyroid inhalation doses would be projected for time periods beyond

the range considered in table 4.3. lowever, for those instances

when that range might be exceeded, the line have been extended from

0.1 to 30 hours in figure 4.3.

The adult thyroid inhalation doses which have been indicated in

O figure 4.3 hve been obtained by dividing the newborn infant doses

by a factor of two, in accordance with discussion in section 3.2.5

of this Appendix. The use of the asme factor for 1-131 as for the

other iodine isotopes (see table 3.6) introduces an error in the

adult dose of at mset 25 percent, which is well within the

uncertainty range of the overall dose projection method.

As discussed previously, the iodine release fraction would

depend on the functional status of the engineered saety systems,

and significant fractions of the core inventory of radioiodines

would be expected to be released to the environment only in the most

severs types of accidents. lowever, if, for the purpose of
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analysis, a 0.25 iodine release fraction is assumed 5  then table

4.6 indicates that over a time period of 12.5 hours after reactor

shutdown the ratio of iodine concentration to cloud gama dose rate

is equal toul 6 a0- 50 percent Ci/a This ratio has been

used to establish the functional dependence of thyroid inhalation

dose an the am exposure rate in air, in urea/br, as indicated in

figure 4-.3.

Since the relationship between gina exposure rate in air and

thyroid inhalation dome in fijure 4.3 is based on the semi-infinite

cloud assumption, the use of ama exposure rate fro, a finite cloud

to estiate thyroid dos by mass of figure 4.3 rill tend to

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

neasured cloud gm exposure race should be mltiplied by the

finite plus correction factor plotted in figure 4.5 before being

applied in figure 4.3 to estimae projected thyroid dose. This

factor, which has been plotted as a function of distance from

reactor and atmospheric stability class, is eqna oj ratio of = -

8ama exposure rate from en infinite cloud to that from a finite

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

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

game doe from a given noble gas concentration which has been

5These assupcions an in agreemt with AZC guidance (4.,5)
an assumptions that may be used in evaluating the radiologi l-
consequences of en accident at a light weter cooled nuclear power
facility.
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estImated by mens of figure. 41. To do this, the estimated whole

body does should be divided by the finite cloud Porreation factor.

Obviously, whole body dose projections based on measurements of

- exposure rate In air should not be modified.

In the develoment of figure 4.3, the iodine release fraction

ms assumed to be 0.25, and the noble gas release fraction uS

amsed to be 1.0. This corresponds to an Iodine to noble ga ratio

of about 0.3.

For accident in which the iodine release fraction or the

Iodine to noble pa ratio is kown to be different from that which

has been asmed in preparation of figure 1.3, a second

multiplicative ro!ection factor could be used to correct the

thyroid inbalat in dose projected an the basis of ms.urements of

gms does 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 pu activities6 , and has been obtained by dividing the ratio

of iodine concentration to p dose rate at iodine release

fraction equal to 0.25 by the ratio of iodine concentration to garn

dose rate at othr iodine releas fractions. The iodine release

correction factor varies by at mt 25 percent ovr the 12.5 bou

time period after reactor shutdown, and it value at 41.5 hours has

been selected for figure 4.6.

6 Table 4.2 indicates that over a 12.5 how period after
reactor shutdown, the iodine to noble pas activity ratio a 1.3 z
iodine release fraction.
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5.0 Accuracy of Dose Projection Methods

I The calcalaioral mthods that have been presented wte intended

for use in estiating projected population dose fom exposure to the

plm. These dose projections would be needed very quickly

following collection of the data on which the calculations would be

based. Therefore, nunerous assmptions have been made to reduce the

need for collection of different types of data, and with each

uasumption, the potential exists for introduction of error. Several

correction factor curves have been provided to reduce the error for

cases where data might be available to determine these factors.

in addition to errors associated with calculational

assamptions, there is a potential for mjor errors in the data used

as a basis ftr the calculations. both types of errors are

considered.

5.1 Calculational Errors Associated with Release Rate As ations

It has been assuned that the release will be continuous and at

Scostant rate. No calculataonal error would result fro this

ssainption if the release actually occurred in this manner.

Nowever, there are an infinite number of release rate

characteristics that could occur. This introduces a potential error

in the input data which will be discussed later.
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5.2 Caleulational Errors Associated with Assumtionx on Release

Methods have been provided for proJecting de to both the

thyroid and to the whole body based cn two different types of data.

One type of data would be gros airborne concentrations, and the

other would be pm exposure rate measurements. Data on

concentration could be from either environmental measurements or

from calculations based ,, release rates, distance, eteorological

conditions, and windspe* . -

5.2.1 Errors in Whole Body Dose

If whole body dose projections are based on gamme exposure rate

measw~nts, the only assmption affecting calculational error

would be that of setting exposure rate equal to dose rate, which is D
omervative, by a factor of about 1.33.

If the exposure rats is based an noble pa concentrations, a

possible calculationsl error factor of ±.6 over a time period of 1

to 12.5 hours after shutdown may be encountered because of changes

1A the composition of the plum resulting from depletion of the

shorter-lived isotopes from radioactive decay.

The whole body gane exposure rate associated with an airborne

aneoentration of noble paes and iodine. as shown in figure 4.3 8

provided to pemit the use of pm exposure rate measurements to

estimate projected thyroid dose from Inhalation of radioiodines. It

worn not Intended for estimating Samoa exposure ratse from goss
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concentretion measurements or calculations. Roever, by appropriate

use of correction factors provided in figues 4.4, 4.5, and 4.6, one

could estimate earposue rate from gross concentration data. The

error associated with the calculations would be primarily associated

with the accuracy of the date used to obtain correction factors and

mo with assumptions regarding mixtures of iodines and noble gases

in the release.

An additional consideration for whole body dose would be the

contribution from particulate materials. ased on information in

reference (32). airborne particulate materials would contribute

about 20 percent of the external done from the plume with the

remaininug bein contributed by iodines and noble gases. This could

camse the whole body dose projections based on concentrations of

iodines and noble gases in air to be about 20 percent low.

5.2.2 Errors in nyroid Dose

Two methods of projecting thyroid inhalation dose are

provided. One method uses gross iodine concentration as a basis,

and the other uses ga exposure rate data as a basis.

The relative abundance of the different isotopes of iodine

changes as a function of tlme afer shutdown which changes the dose

conversion factor. I the correction factor curves are used to

correct this error, there should not be significant error associated

with changing characteristics due to decay of short-lived isotopes
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prior to start of exposure. Hover a gap release as opposed to a

Core melt release could cause the iodine six to have a relative

concentration of iodinc-131 higher than assumed due to the decay of

short-lived isotopes during the process of leaching from the fuel

pellets to the gaps. This could cause thyroid dose projections from

gap relese to be underestimated by a maxim= of about 30 percent.

The use of amm exposure rate measureumencs to project thyroid

dose requires assumptions regarding the characteristics of the

release, and if the characteristics are different than assumed, the

resulting dose estimates could include large errors. This would not

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

used if iodine concentration data were oc available. To reduce the

error involved, correction factor charts for isotopic composition D
have been included as figures .A wnd 4.6. If data are available to

permit determination of these correction factors, the only

significant errors should be a possible 30 percent underestimate

associated with a gap release as discussed above and a pos&ible 20

percent overestimate from particulate material contribution to gma

exposure rate.

5.3 Errors Associated with Input Data

Data will e collected under pressure of emergency conditions,

and the associated errors any severely affect the accuracy of dose

projection. Errors caused by inaccurate data relating to (1)
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environmental levels as a function of time, (2) the duration of

exposure, or (3) the radiological characteristics of the release

could seriously affect the dose projecticon results. Additional

-errors cm be associated with information on windspeed and

direction, atmospheric stability, precipitation, and with

interpretation of instrumentation readings.

5.3.1 Duration of Expsure

To project dose based oan concentrations or exposure 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 know, whon in fact the duration sight range from a value of zero

due to errors in wind direction data or to a value equal to the

duration of release if wind direction is persistent in the predicted

direction. The resulcing error in the projected dose could be

either positive or negative and would be proportional to the error

in the estimated duration except as affected by the changes in

concentration as a function of time. It is not possible to put

bounds an this source of error.

5.3.2 Errors in Release Rate Data

The release rate could have many different characteristics due

to pressure transients caused by changes in the core conditions,

operation of engineered safeguards, or changes in containment

integrity. These conditions could introduce one or more orders of

magnitude errors in the projected dose depending on whether the data
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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

If Same dose rates are used to estimate projected thyroid

inhalation doses, .orrection factor curves are provided which

utilize the relative mounts of iodines and noble gases in the

release. 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.

5.3.4 Errors in Environmental Measurements and Information

Environmental information would include gsna -adiation

exposure rate, airborne concentrations of redioactive material,

atmospheric stability class, windapeed, and predicted meteorological

conditions.

Measurements of exposure rates and concentrations would be

representative of a particular location at a particular time, and

they may not represent either the average or maximmi conditions at

that location. Levels at a particular location will change as a

function of time depending on wind direction stability, localized

dispersion conditions, and fluctuations in release rate. No limits

can be assigned to the errors associated with 3ur.h measurements, but

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

A suary 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 unknowns

associated with input data and information, it is not possible to

assign limits to the potential errors. However, it is apparent that

the potential errors associated with inaccurate input data overwhelm

those associated with calculational assumptions, and therefore,

further refinement of assumptions does not appear to be necessary.
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Table 5.1. Estimated errors associated with dose calculation methods

Caloulational Assumptions Input Data

Astption Potential Type of Data Potential
Error Error
Factor Factor

Wbole body dose rate 1.33 Duration of exposure unknown
equals exposure rate estimates
Whole body dose rate t0.6a Release rate 0.1 to 10
frm noble Sa more or less
cnmentration i not a
function of the mixture Release 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
Ses and Lodines Li not information
influenced by
particulates in the
plume

Thyroid dose will not 1 to 0.7
be influenced by a
concentration enriohed
in 1-131

aThe use of these projection methods f r noble pies which had decayed
for es'm to months (as migit be the ae for accidental releases from waste
pS decay tanks) could cause overestimates of the whole body dose by a factor
of 10 or more.
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