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INTRODUCTION

The purpose of this brochure is to review briefly the (a)
radiological safet& crite;ia, (b) date on radiation exposures from
fallout, and (c) measures to protect the public related to nuclear
weapons tests at the Nevada Test Site. The radiological safety
criteria are under constant surveillance and probably will be ;e-
vised as a result of additional date from OPERATION PLUMBEOB.

The exposure data, of course, will be up-dated after OPERATION

" PLUMBBEOB.

It is not the intent to cover here Project Sunshine or ex-~
posures from low. level long-lived gamma emitting isotoPeSQ Rather,

this

e

ry

rockure is ccrcermed almost entirely with the more immediate
aszzcts of nuclear ws=apons testing et the Neveda Test Site.

This is a preli~fnary report. Suggestions are most welcore.

Gordon M. Dunning
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I. HISTORY OF RADIOLOGICAL SAFETY CRITERTA FOR THE

NEVADA TEST SITE

Balow ere pertinent abstracts and coﬁdensations from past deliberations
on the radiological safety criteria relating to nuclear weapons testis.
I. gggggg_KJanuaiy-IEbrua;y 1951)
| "It had been previously agreed that exposures up to 3.0 r would dbe
permitted for the Operation (20r for individuals planning to participate

in Operation G-reenhouse).."'“l WTr-20k4_Operation Ranger Vol. 5 Program Reports -

Operational.
[There was no statement on off-site exposures/

IT. Buster Jangle (Fall 1951)

A. "1. ‘The external dose to non-participating inhabitants, ¢f radia-
tion from gemma rays, shall not exceed the accepted internatiornsl
permissible dose level of 300 mr/wk (1.8 mr/hr).

"S>, At eny poirt of muman habitation, the activity of radiocactive
les ir the atmosphere, averaged over a period of 24 hours,
be limi+tei to one microcurie per cubic meter of air (cor-
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rag= radicactivity per cubic meter of air, due to
‘=3 having diameters in the range 0.5 micron to
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hat any iziividual particle in this size range have an
ivity greater than 107¢ microcuriescalculated to 4 rours after
clast. ‘
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: Tt is sssumed that the parhlioiete watier oom-
risi

ng the allowable activity of ons microcurie
¢ meter of air will have a normal distri-
butich of particle sizes ranging from s few tenths

of a micron %o possidly sevaral hundred micrems.

(See fppendices IT uad TIL.™
Meeting Jangle Feasibility Committee, Washington, D. C., May 21

and 22, 1951.
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B. "l. The external dose to non-participating inhabitants, of radiation -
from gamme rays, shall not exceed the accepted internationai permissible dose
level of 300 mz.yf:l; which may be é.ntegratecg over a maximm of 10 weeks.

"s, At & point of human habitation, the activity of radicactive
particles in the atmosphere, avéraged over a period of 24 hours, shall be
1imited to 100 microcuries per cubic meter of air (corresponding approxi-
mately to & ground level gamma intensity of 30 mr/hr).

"3. The 24-hour average radiocactivity per cubic meter of air, due to
suspended particles having» diameters in the range O micron to 5;0 microns,
shall not exceed l/lOO of the above; nor is it desirable that any individual
particle in this size range have an activity greater than iO-a nmicrocuries
calculated 4 hours after the blast.”

Mééting Jangle Feasibility Committee, Washington, D. C., July 13,
and 22, 1251).

C. "Trie Division auincrizes a permissible exposure of 3.9 r of gamma
radiation “¢> Buster-Jemge test personnel, without regard to the rate at
which the 2ose 18 eccumilsted, providing this exposure represents the total
integratel gazma doss over any perlod of 13 consecutive weeks whzch includes
tnhe fest ;eriod. Specifically, this permissible dose of 3.9 r is not an extra
ellohmezl Iz pecpl
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Zrorandum from Dr. Shilds Warren to Carrcll Tyler, Managef SFCO,

Qetober 17, 1951,
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TI1. Tumbler-Snapper (Spring 1952)

B, "——-An ad hoc committee composed of authorities in the fields of medi-
cine and roentgenclogy has given careful study to the exposures which
may be safely recelved by the public as a result of nuclear test
detonations. This committee advised the United States Atomic Energy
Commission thet a total dose of 3 roentgens in any period of 10 weeks
would not exceed safe levels. The dose of 3 roentgens may be received
as a result of a single exposure or a number of successive, smaller
exposures, but the total exposure during the 10 weeks should not exceed
3 roentgens.—"

"4 maximum permissible air concentration for mixed fission products
following a nuclear detonation has been established by the United
States Atomic Energy Commission upon the recommendation of an advisory
panel of experts. This concentration is 100 microcuries per cublc
meter of air, averaged over a 24-hour period.—-"

 "—-It is estimated that water containing total fission prbduct activity
amounting to 0.005 microcurie per milliliter 3 days after the fission
products were formed could be used safely for any period of time.——-"

Atomic Energy Commission!s 13th Semi-Annual Report to Congress, July-

December 1952, pr. 113-116.

IV, Toshot-Kncthele {3pring 1953)
M.—-ths Commi:ssizn has adopted a policy of limiting exposures whenever

possible tc 2 %<2%t2l of not more than 3.9 roentgens over a period of 13
~seks, sprramizasely the length of the 1953 test period.”

Gy
S

czic Trerzy Commission's 14th Semi-Annual Report to Congress, Janu-

PR~ - ]
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*Om-8ite eyposure standurd eoteuld be 3.§rfié weeké;dgifh‘tne'fésﬁv o
ZiTostor authorized to =zpprove exceotions if requirsd,

"OFE-Site exposura standerd shouli be 3,9r/vr, the figure being cne
of zctual gamma erpostre a8 measured by a raziiable indicator of total
bedy irradiation and corrected by a factor to reflect the effects of

shielding and weathering."

- Committee to Study Nevada Proving Ground, Spring 1954.



VI, Jangle Feasibility Committee, January 20, 1954.

Critefia for air concentrations were dropped since.they were originally
proposed as a means of estimating external gamma dose rates at ground |
level and‘better nethods to do this were now apparent. Collection of
date on air concentrations were to be continued for documentary purposes.

VII. Operation Teapot (Spring 1955)

Radiological Safetv Criteria and Procedures for Protecting the Public

Durine Weapons Testing at the Nevada Test Site, February 1955 approved by the

Commission February 11, 1955 for Operation Teapot. These were refised

(See Section II B) page 8 for Operation Plumbbob.

VIII. Operation Plumbbob (Spring 1957)

Steff paper AEC 141/33 November 13, 1956, as amended, establishes as

1}

- operatioral guiis of 3.9 roentgens whole body gamma radiation for off-

site exposurss rz:liing from Operation Plumbbob.
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1I. CURRENT RADIOLOGICAL SAFETY CRITERTA

A. Radiological Safety Criteria for Occupational Exposures at the Nevada Test Sit

L £ &

=In light of the recent National Committee on Radiation Protectioh
recommendations concerning maximum permissible radiation exposuresb
to man; we recommend the following criteria for whole-body external
gamma exposures incurred onsite by personnel at the Nevada Test
Site: |

a. A maximum of 3 r within a 13-week period. This

period may encompass any 13 consecutive weeks at NTS.

b, A maximum of 5 r total within a period of one year,
As in the past we agree that the prerogative of permitting exposures
greater than tﬁese limits for exceptional cases lies only with the

Tes: Manager znd Test Director.---%

letter from Dr, Charles L. Dunham
to Mr, James E. Reeves, dated
February 20, 1957
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II. B. Radiological Safety Criteria for the Public

INTRODUC TION

The criteria and procedures set forth in the following paragraphs
were’establishéd after full consideration for protecting the health ahd
welfare of the public, both in terms of radiological exposure as well as
possible hazards, hardships or inconveniences resulting from disruption

of normal activities. Criteria are established as giides for the Test

Organization in determining whether any special actions should be taken

to protect the public,

These criteria are not established with the expectation that the
coming tests at the Nevada Test Site actually will result in radiation
levels which will be greater than heretofore. Rather, they formalize
past critéria to give even clearer guides for protecting the public.

With imprcved methods of rredicting fallout and with the use of bal-

loons and Zizher towers fcr detonating the nuclear devices, it is expec-

ted that fz)lout in poputzted zreas from future tests at the Nevada
Test Site will be less ihan the highest amounts which have occurred in
the past.

of the Mivision ot Bislogy
and Msiizins %o =2siaplish such criteria for the Afomic Eﬁérgy
Commission as de=med necessary to protect the health and wal-
fare of thz gereral pbpulace frem conseguances ol waapons Lesis
conducted at the Nevada Test Site,

b, The operational procedures adopted for meeting these
criteria shall be the responsibility of the Test Manager, as

directed by the Division of Military Application, with the

r ¥ £E Z ! - ¢ L . Z o I L Z i1 i 4
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technical guidance of the Division of Biology and Medicine,
The following criteria do not apply to domestic or wild animals
since levels of radiation whichwould be significant to them would have

to be higher than those specified herein,
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Evacuation . .

Background

The decision to evacuate a community is critical for two principal
reasons. One, presumably there might be a health hazard if the persomnel
were allowed to remain. Two, there is always an element of danger and/or
hardship to persormel -involved in such an emergency measure.

It is recognized that extenuating circumstances may accompany any
situation where conditions indicate evacuation as a mode of action. The size of
the cormunity, areas and accommodations available for the evacuees,
weather conditions, means of transportation and routes of evacuation, dis-
position of ambulance cazses, protection of the property left behind, and ‘

many other factors may enter into the decision relative to evacuation.

.Jl

Further, it is reccgnized that under certain conditions, the evacuatioh

of a comm=nity mighi not only prove rather ineffectual but could result in
more raliztion expcsurs thzn if the population remained in place un??l

the siwuztion be adeguatsly evaluated., A blanket evaluation cannot be made
in advzmz=; each siizziizn can be unique. The following criteriz there-

fore arz su:grestsd zs zuides in assessing the possible radiological hazards;

poa FSeo Loamteas (R T - 3 —~f ¥ [ Dyl 1. -

the Finmz. Zeecisicn muss T= mIde on the coslis cf all relsvant (270017 H0own -
e Tz *F amn Tlaave = - + R R - + < » -

2% th2 ~izs, Ther zre intenaad to apply principally wo relziively large

sonulatisns sincs small groups may bez evacuated without egquivalent potential
t.azards,

Owing to the necessity of making early measurements and decisions,




.

it is to be expected that dose-rate readings, taken with survey meters, will

be the available evidence at the times of concern. This necessitates making

rough approximations in advance of the effects of weathering and of shielding

from normal housing, in reducing the radiation exposure.. The variable nature
of these two parameters makes impossible the establishment of a precise
rule covering all situations. Therefore, the following may be used in
making conservative estimates of these effects:
a. For weatheriné -- the measured gamma dcse rates at three
feet above the ground be assumed to decay according to (¢)-1.2
for the first week after a detonation, (t)-1.3 for the second
" week, and (t)~1+4 thereafter.
b. For shielding -- the accumulated dose per day be 265% less
than the out-of-doors dose,*#
In the case of a iruly emergency situation where potential hazards
may exis: either froz the fzllout or from mass evacuation of large popu-

lations, it would seem roroper that due consideration be given to the

(U

iologiczi repalr process that takes place with radiation doses dlstrlbuted

# Tnil vas suggested after ,nalyzing data from beth the devada Test
Bit Sniwetok Proving Qround and wad Latended o give generalilized s T
€3t coFar a wids varisty of gitunitone. X Lz rzeazalzed ool
Wit cer fz2llcut patisrns around vaz lizvada Test Site end with
the 1z, the 2ff:~%ive decey constants may ba greater than these,
tHhwever, ther than attempt further estimates for NT5 at thie tine,
tnese valuies will o6& used uwntii She resulic of Tie cxpsaded raldicloglexl
monitoring vrogram for Tgeraticn FLUIDEND can be analyned,

32

This 1s based on an average 12 hours per day stay in a frame house having
an attenuation factor of two. It is recognized that some individuals
will be in buildings having higher attenuation factors and for longer per-~
iods of time. On the other hand, this is generally an area where people
may live an appreciable amount of time out of doors and where windows and
doors are left open, so the fallout material may enter buildings.
Again revision of this estimate will await the results of the expanded
adiological program of Cperation PLINIBEOR
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in time (recognizing that such effects from radiation as genetic changes and
life shbrtening may not be time dependent). The estimates for ﬁiological
repair for man are quite uncertain so a conservative value is used here of
a half-time of repair of about four weeks. |

Graph I incorporates the above factors of weathering, shielding,
and biological repair into a single curve. This graph may be linearly ex-
trapolated to other dose rate readings. For example, if fallout occu;;.‘
three hours after detonation and the dose rate is 10 r per hour, then about
67 r (effective biological dose) may be accumulated, i.e.,

%‘?IS X 1l,0 = 67

CRITERIA I
Effective Biologiczl Doses may be calculated according to Graph.I
Teble I may be ussd in evaluating the feasibility of evacuating rela-
tively lzrge populaticns.

. TABIE I

24 3TCLOGICAL CRITE3IA FOR EVALUATING FEASIBILITY OF EVACUATION

nge Minimum Effective Biological Dose That
Must Be Saved By Act of Evacuation
(Dtherwise Evacuation Will Not Be

Indicated)
= Tz 3C moentiiens Ui zvasintiin Lnaucaﬁcéj, ‘
3T 1o 30 roentgens 15 roentgens
50 rosntgens and higner Evacuation indivate. without regard

to auantiiy of dosz that might bs saved,
providing adequate sieliters ars not
available and the estimated hazards
concomitant with the evacuation are

acceptable.)
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SECTION IX

‘PERSONNEL REMAINING INDCORS

Background

By remaining indoors (a) the gamma exposure will be reduced, and (b)
there is 1ess4possibility thatvthe fallout material will come into contact
with the skin. (Beta burns have occurred in the past only whenthe fallout
material has remained in direct contact with the skin.) To prevent or
greatly reduce this latter effect, it is highly desirable to make decisions
before or very.shortly after the start of the fallout., Likewise, partial
shielding at these early times will be of optimum benefit due to the
relatively high gamma dose rates. Thus, the decisions must be based on
predicted fallout in an area, or on dose-rate readings from field monitors'
reports,

These predictioﬁs are of course subject to varying degrees of un-
certainiy so that perscnzel may be asked to remain indoors unnecessarily.
On the ciher hand decisicns and action must be taken relatively quickly
if optizu= tenefitz zre io be derived and remaining indoors until the
radiolczsical informztion is more accurately evaluated probably represents

cctive ways of meeting an emergency situation.

Due =ne unmzsrtaintiss in owr knewledze, 2nd resogpmirirgs fhs owsuzl |
aneauel Zistwimsiion of fzllout, iU has nob b2en cossibla’ to ebtuboish
orecissir :r2 armcunt of failsut in an area that could produce beta burns,

Tne Mershallesa experience suoweld suct elfecets Jor those peoplc exposed Lo
175 r and 49 r whole body gemma radiation, but none for those individuals
on the Island of Utirik (370 miles from ground Zero) receiving 1l roentgens.

Whether thess results would hold true for other situations is not knowm,
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i.e., different particlé size distribution, different type skin, etc. At one
location, Riverside Cabins, Nevada, about 15 people were in an area re-
ceiving fallout in an amount equivalent to infiﬁity dose of 15 roentgens,
with no known cases of beta burns, although it is not known if anyone was
out-of ~doors during the time of fallout. Until more is learned of this
phenomenon, it would appear advisable to remain out of the direct fallout
when the amount would be such as to produce about 10 roentgens gamma in-
finity dose as measured at three feet above the ground. In the event
persomel are out-of-doors during the time of this amount of fallout, the
possibility of beta burns could be greatly reduced by the simple expedient
of changing clothing and of bathing.

If people were not asked to remain indoors during the period of
highes: dose rates in an area where the infinity dose was 10 toentgens or
more, tieir actual sxzcsure might be in excess of 3.9 roentgens of whole-
body zzma  This weouli noi necessarily be hazardous but would exceed the

estakiiched criteriaz faor Plumbbeb (Criteria VI).

CRITERIA IT

2n the gamsz iosz rate reading as measured by a survey meter held
rhiTes w2t sbTve ta grownd reschies the vaio2s oton il Ovoph oL sl th2
TonrT oL_liet2i, 1t is reccrmznled thab persormel ke regiested Lo remain
Inioors with windcus and Zoors closed. Release from this restrictive

N - = ~ () -
1

acticn skould Tte made on the basis of fuxther svziuation of the radiclogical
In the event that there be convincing evidence that the radiation

levels given in the graph will be reached, it is recommended that personnzl

be requested to remain indoors BEFORE fallout occurs or before the

e



radiation levels equal those in Qraph II. Release f;om this restric-
tive action should be made on the basis of further evaluation of the
radiological conditions.

It is recommended that people who had been out of doors during
fallout of the above magnitude or greater be advised to change
clothing and to bathe. The clothing may be cleaned by normal means.
While bathing, special attention should be paid to the hair and any
exposed parts of the body.

In the event that the monitoring takes place AFIER the fallout

"has occurred, and extrapolation of the dose rate readings equals

or exceeds those in Graph II at the estimated time of fallout, then
it is recommended that the same advice be given as in the preceding

paragraph.
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SECTION III

DECONTAMINATION OF PERSONIEL

Background

The principal purposes for decontaminating personnel are to reduce
the potential beta doses to the skin, and to a lesser degree reduce the external
gamma exposure. The discussion on beta doses in Section IT is applicable here.
In addition, there is much unknown about monitoring methods for personnel con- -
tamination. The following criteria were previously developed on the basis
of measuring the gamma radiations (and then extrapolating to the accompanying
béta radiations) with exisfing instruments. Recentlj new field instruments
have been desveloped for direct beta measurement, but there remains consider-
ably more work necessary to calibrate them in terms of beta dose rates to
the body. Uztil this is accomplished, the paét criteria may be used.

CRITERIA ITT

Wrere it is not possible to monitor persconnel outside of

a gerzral rediaticn Field, it is recommended that an estémate be

thera -5 gncertzirty a5 t©o the validity of sucn on eotiusts, “he
as3s.iThion Wwill s made that the individual was cut-of-doors- during
the ti==z ¢f fallout., In those areas where the infinity gamma dose

emusls or sxceeds 10 roantgens, it is recommended that the individual

be advised 1o bathe and to change clothing.
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For personnel being monitored outside the general radiation
field where personnel contamination exists over relatively large
areas of the EXPOSED body (one-half square foot or more ) :

When the reading of & survey instrument held with the

center of the probe or center of the ionization chamber

four inches from the center of the contaminated area,

equals or exceeds the values given in Graph IIT it is recom-
mended that personnel be advised to bathe and to change
clothing.

For personnel being monitored outside the general radiation
field where persomnnel contamination exists over relatively small
areas of the EXPOSED body (less than one-half a square foot):

The recommended maximum values are one-half those given
in Greph ITI. Monitoring of the head, arms, hands, lower
legs, and feet will be considered as coming under this
category. Washing may be limited only to the contaminated
parts, and 2lso a change of clothing may not be indicated,
urless the radiation levels exceed those stated below con-
carning monitoring of exterior surfaces of clothing.

For personnel Teirnz monitored outside the general radiaticn

field, az: the conta=iz=iion exists over only spots of EXPOSED body

-

(about tzz size of

o

z n2zi7-3ollar or less):

Toz recommeniai mayimum valuss are one-Tifth those given
iz Graph III. %ashing may be limited only to the con-
tazinzted parts. ani olso a change of clothing may not

2 radiation levels exceed those stated
ring of exterior surfaces of clolhing.

. -

s,
51
Eeocr
S
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and TL: ~ornTanmissuion exists over any size area on the extericr sur-

al

(4]

e e aa ries
only of the clothing:

[)

The recormmended values undsr these conditicns are twice
those given in Graph ITI. The first recommended action
shall be to resort to such simple acts as brushing off

the clothing. If this action does not reduce the radia-
tion levels to twice those given in Graph IITI or less, then
personrel should oe advised to change clothing and to bathe.

-17 -



Wken thg general contamination of a community is of the degree
to produce an estimated maximum theoretical infinity gammé dose of
20 roentgens or greater, personnei who have been out-~of-doors at
any time during the first two days and generally moving around
in the area (as apposed to such an act as walking only between a
building and a vehicle) should be advised to brush off the footwear
(outdoors), to bathe and to change clothing as soon as possible
after the final return indoors each day. In addition personnel
who go out-of-doors for any length of time during the first two days
after such a fallout should be advised to wash their hands at least
after the final return indoors each day, and more frequently, if

possible,
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DECONTAMINATION OF MOTOR VEHICLES

Baekgr aind

The principal purposes for deéontaminating motor vehicles.are to
reduce the potential beta doses to the skin by contact with the vehicle,
and to reduce the external gamma exposure. All of the uncertainties in-
herent in personnel monitoring are applicable here plus additional ones,
such as estimates of the probabilify of contact and the amount of trans-
fer of radicactive material from the vehicle to the skin. The foliowing
criteria for monitoring motor vehicles (Graph IV) were previously de-
veloped, and until the new bete measuring instruments (see Section .IIT)
are calibrated, will continué to be recommended.

Cae method of avoiding or significantly reducing vehicle con-
tamizetion is to prevezt their being in an area during the time of actual
fallors. It is pessitle that fallout across a highway may be higher than
that zermiited for zcrulated areas. When such a condition is predicted,

5 dvisatie 2 hold vehicular traffic until after the fallout

kad esssxntially ¢=235:24. DPast experience has shown that very significantly

iess vznisle contamiration occurs when it passes through an area after-
wards sompesed o being poesent Loing the Tallovit time, albhouzh socve -

P R TN

2 2o 3ulll be picked up on the tirss and uader the fenders.

Covizusly, therz is not a precise value ihat may be given, but it is

recamrended thav i¥ the amount of falilout asrosc e main hizlway is predicted

to e in an amount equivalent to 10 roentgens or greater infinity dose,

P
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that traffic be temporarily halted until the fallout has essentially

ceased.

CRITERIA IV

Tt is recommended that when the predicted fallout across &
main highway beequivalent to 10 roentgens or greater infinity
gamma dose, vehicles be held until the fallout has essentially
ceased.

Graph IV may be used in determining the advisability of
decontaminating motor vehicles. The survey instrument should
be held with the center of the probe or center of the ionization

chember four inches from any readily accessible surface.
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imnand SEe ess sy TEI

GAMMA DOSE RATES VERSUS TIMES AFTER
(SEE TEXT FOR METHODS OF MONTTORING)

DETONATION WHEN DECONTAMINATION OF

MOTOR VEHICLES IS RECOMMENDZD
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SECTION V

CONTAMINATION OF WATER, AIR AND FOODSTUFFS

Background

In any area where the theoretical gamma infinity dose exceeds 10
roentgens, adequate sampling of the water, air, and foodstuffs should be
made to ascertain the conditions of possible contamination, if for no
other reasons than as precautionary and documentary measures. Based on
past data, however, it 1s not expected that under those conditions of
fallout wﬁere the radiation levels are below those.stipulated for possible
evacuation, that the degree of contamination would be a health hazard.

Nor is it implied here that any level sbove this does constitute a serious

contexination of waier, air, or foodstuffs. One good point of reference

is t== Marshallsse expsrience where the whole-body gamma expoéure was

175 rosntgens yet ta= internal depcsition from ingestion and inhalation

was —~s_2tivsly smelil. I the event of a relatively heavy fallout, but

less =zan ons cellizz Zor evacuation, a common sense rule wouldbe to

was: sxzosec foodz, such as leafy vegtables, since this is the most prc-

pabls male of inmzke of activity.
gé;lgg;ﬁ v

e

B A N N e -~

Mgrnitoring of zir, food and water should be mede as soon as
rossible in ereas where the infinity dose equalis Cr exceeds ;G
roentgens. There need be no réstricﬁive actién iﬁpéﬁed-oﬁ focd
and water intake in areas where the fallout is less than that
calling for evacuation. Washing off of such exposed foods as

leafy vegtables may be advised when such action seems desirable.
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ROUTINE RADIATION EXPOSURES

Background

" The Atomic Epergy Commission has adopted, as an operational guide,
3.9 roentgens whole body external gamme radiation for off-site exposures
resulting from Operation Plumbbob.

The discussion in Section I on effects of weathering and shielding
on determining the actual radiation exposure is applicable here. However,
the factor of biological repair is not considered for routine expoéures.
~This factor bears én somatic effects and may justifiably be considered in
emergency situations when it is necessary to weigh the relative hazards

from radiation versus mass evacuation. However, for routine exposures,

E

gctual (estiﬁatei) roentgen dose should be used. To distinguish from
the Zffective Biolzgical Dose and the Infinity Dose, this exposure will
te exgressed as ths Zstimated Dose.

Graph V inccrmorates the assumed effects of weathering and of

shi2liing accoréins tc the discussion in Section I. The graph may be
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<=2 o other dose-rate readings. For example, if

falru* osours tnree hours after detonation and the dose rate is 360 milli-

-~ s . P Ly e B v -y s [ A N R P e e
TIEITE2s nar hcu, Tnen C‘“.-Out GlLiee rogntygenl K.r;".,L,._;_-ZI:t:\_'_ d_u:el\- TE Lo
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P R T 3 - A
accumulated, 1, e., 300 x 1 = 3
100

As discussad in Section I, the estimates of the effects of weatherirng
and of shielding sre conservative for areas around the NMevads Test Site. /!

range of radiation doses is to be expected for these people since they wiil

b
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not all be living umder identical conditions. The radiation doses esti-
mated by the present method is expected to fall within and toward the
upper end of such a range. The information obtained from the expanded
radiological monitoring program for Operytion Plumbbob, should yield
refinements in the method of estimating the radiation exposures.

In those cases where film badges are worn properly by personnel,

the values recorded may be accepted as the Estimated Dose.

CRITERIA VI
Estimated Doses may be determined according to Graph V. In
those cases where film badges are worn properly by personnel,
the values recorded may be accepted as the Estimated Dose.
The whole-bo3y gamma Estimated Dose for off-site populations

shculd not exczed 3.9 roentgens resulting from Operation Plumbbob.

-23 -
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APPENDIX TQ RADIOLOGICAL SAFETY CRITERIA

FbR THE PUBLIC

The operational guide for concentrations of fallout material
in drinking water shall be 5 x 103 microcuries per milliliter

extrapolated to three days after a detonation.

A method of estimating radiation doses to the lungs and of

evaluating these doses in contained in Appendix V-A.



TII. RADIATION EXPOSURE RECORDS

A. External Gamma Doses

— =T
— .

The map following page 25, and the tabulation on pages 26 and 27, pre-
sents the estimated external gamma radiation exposures around the Nevada
Test Site from all tests except Operation Plumbbob.

The highest exposure has been at a motor court near Bunkerville,
Nevada, where about 15 people might have accmnﬁla’qed up to § roentgens
if they had continued to live there indefinitely.

®...The average exposure to only those communities around the Nevada
Test Site that experienced the greatest amount of fallout (0.2 roentgens
or more) is 0.6 roentgens for the six years since the regular nuclear tests
were stvarted. The rouni numbers are 58,000 man-roentgens for 100,000 people.
If the area considsrad around the Nevada Test Site is enlarged to include
1,000,000 people the avsrage exposure is about 0.1 roentgens for the six
years, or at a rats of awout 1/2 roentgen per thirty years. This is 1/20
of thz recommendation ¢f the National Committee on Radiation Protection

and Yezsirerent for zaimum exposures.--=W 3%

- amt aES mpms T T . wea Mmoo =
Jeadatiers from Fallout snd Their Bffects: Testimony cof
- k oA, SR Al i
2l raweps i R ~ ~ -~ 15 - < N
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Location

Acoma

Al amo

Apex

Ash Msadows
Ash Springs
Austin
Baker

Barclay

"~ Beatty

Boulder City

- Buckhorn Ranch

Bunkerville
Cactus Spring
Caliente

Carp

Charleston Lodge
Clarks Station
Crestline
Crystezl

Crysizl Springs
Cur-ext

Cazp Szsari Rock

N —— T T

ctmdew

Beaver Dzm
Kingman
Littlefield
Mt. Trumbull

roentgens
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ESTIMATED EXTERNAL GAMMA EXPOSURES FOR COMMUNITIES AROUND THE NEVADA TEST SITE

Location
Hoover Dam 0.05
Indian Springs AF Base N
Johnnie 0.05
Kimberley 0.5
Lake Mead Resort 0.05
Las Vegas 0.2
Lathrop Wells 0.05
Lincoln Mine LeO
Lockes Ranch 1.3
Logandale 0.4
Lurld 008
Camp Mercury 0.1l
McGill 0.4
Moapa 0.8
Nellis AF Base 0.05
North Las Vegas o 0.2
Myala . 1.7
Overton 0.35
- Pahrump 0.2
Panaca 0.65
Pioche 0.7
Preston 0.7
Reed 4.0
Round Mountain 0.05
Rox 3.0
Ruth 0.5
Sharp's (Adaven) 1.2
Shoshone 0.7
Springdale 0.02
Sunnyside 1.2
Yoreneh 0, & 0.U
Touirg o T )
harz Spriags 0.5
Warm Springs Ranch 1.0
Wnitney 0
Peach Springs 0
Short Creek 1.6
Wolf Hole 1.3
. - < i PR

rosntgens
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Estimated External Garma Exposure for Communities Around the Nevada Test Site

(Continuad)
UTAH

Location roentgens Location roentrens
Aton 0.8 Modena 0.5
Anderson Junction 1.2 Mount Carmel 0.85
Bear Valley Junction 0.4 New Castle 0.6
Beaver 0.25 New Harmony 1.2
Beryl 0.5 Orderville 1.5
Beryl Junction 1.0 Panguitch 0.2
Cedar City 0.4 Paragonah 0.4
Enterprise 0.7 Parowan 0.4
Garrison 0.7 Pintura 1.2
Glendale 1.2 Rockville 3.0
Gunlock 2.6 Saint George 3.0
Hamilton Fort 0.6 Santa Clara 3.5
Hurricane L2 Shivwits 2.8
Kanab 1.6 Springdale 2.6
Kanarraville 1.2 Toquerviile 2.0
Leeds 3.0 Veyo 2.0
Long Valley 0.8 Virgin 1.5
Lune 0.5 Washington 3.0
Milfc-3 0.1 Zane 0.3
Minersville 0.2

-27 -
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III. B. Activity Concentrations in Air

The highest measured concentration of fallout activity in the air of

 populated areas was at Saint George, Utah on May 19, 1953, amounting to

1;29 microcuries per cubic meter averaged over 24 hours. A calculation

of the possible lung doses from this fallout indicates a value probably
greater than 115 mrems and less than 230 mrems. This is less than the
dose to the lungs each month from naturally occurring radicactive sub-
stances in the air, contained in Appendix V., A, An inspection of the other
data in concenﬁrations in air shows that this single lung dose is also
higher than the accumulated lung doses from multiple fallouts in other
populated areas for all tests. |

Buster-Janzle (Fall 1951)

Tne highest measured concentration of fallout debris in air was at
Ely, Iisveda amounting to 0,202 microcuries per cubic meter averaged over
hou-s, £33 cther =—esasurements were in order of magnitude lower (Data

taken from Wi-425 Fzadislogical Safety).

24-hour averags concentration

tan et A TaagT e ( 3 s 3 +a
Detowztizn Lolstivy Microcuries per cubic mster
nr o~ ama . -
i -. —-A,.-_‘_'.) C‘o?,.,_,,. ',L;\’\ " ;J,".ﬁ
- 27 ale} . el
Ve ar T apioA = , .
May 25, 1952 Frige, [freh 0,000
o, 1SR Tolts, tlevada Y, U0
Tavew o = ey TV e N ~
sUWe L, o< LiHT, evada U.C].L
stemic ZTrervor Tommidszzleonts 124k Tl fewenal Dares *3 Qoo
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III. B, Activity Concentrations in Air (Continued )

Upshot-Knothole (Spring 1953 )

Locality 2/-hour average concentration
(Microcuries per cubic meter)

Saint George, Utah 1.29 1

Lincoln Mine, Nevada 4L.0x 10 ™

Mesquite, Nevada 1.7 x 10~

Groom Mine, Nevada 3.4 x 10 -2

Pioche, Nevada 2.0 x 10 —2

Nellis AF Base, Nevada 1.7 x 10 2

Ely, Yevada ' 1.6 x 10 2

Las Vegas, Nevada : 1.0 x 10 ~2

Atomic Energy Commission's 14th Semi-Annual Repcrt to Congress,
January-June 1953

Teapot (Spring 1955)

¥——-The highést conéentration of radiocactivity in the air following
eny one detonation was a* Ely, Nevada. This amounted to about 6/100 of
a wicrccurie per Subic zeter averaged over the 28 hours that the material
was tressnt in sizmificent quantities. The highest conéentrations in air,
averzra? for the eniirs series, occurred at Ely, Nevada and Alamo, Nevada

whers tzz totzl aifitisnal radiation doses to the lungs from inhaling

fellowZ materizl wers oztimated to be about equivalent to that expected
froz rewsthing air sonizining norzsl smounts of naturally radloactive
zaterils, for o ozerisi of severzal days,”
tomie Ivezros Cemmisslants %tk Taedotoal Femort Ao Tromvess,
~
L)
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III. C. Activity Concentravions in water

The highest measured concentration of fallout debris in water was

4 1.4 x 10"h microcuries per milliliter extrapolated to D + 3‘ days after detona-
tion. As noted in the Commission's 18th Semi-Annual Report to Congress, thic
Me-- is about 1/36 o}: the operational guide - an amount that is still considered
safe even if the water were to be stored and used as the sole source of supply
for a lifetime." (See Appendix V. B. for discussion of criterion)

Buster-Jangle (Fall 1951)

Six samples from Lake Meade showed negative results.

Tumbler-Snapper (Spring 1952) Approximate

distance

from ground Analysis

zero (microcuries per milliliter

Date (air miles)  at 3 days after detonation)
May 1, 1952 Crystal Springs Pond 63 0.5 x 10-8 microcuries
May 1, 1952 Pahranagat Lake 56 1.0 x 10-8 microcuries
May 2,'1952 Caliente - Drinking Water - 95 0.28 x10-8 microcuries
May 2, 1952 Creek Horth of Caliente 97 1.1 x107% microcuries
Atomic Exarzy Commissionts 23th Semi-Annual Report to Congress
July-Dece=rer 1952, p. 117.
Upshot-Kncznele Spring 13733)

Concentration microcuries ner
milliliter extrapolated to

Locality 3 days after detonation
Virgin Riwer Irrigsticn Canzl, Nevada
Irrigatizs Tiich, 3% miles north of Pioche, Nevada 8.7 x 10'S
Lr_j - '_C‘rv - s mm T oatee '1*_.'2(-'\“3- h.s X 10“5’
Ty rin 3iemr at Mpemiien) Chewala 22 e
Hunkerss Fan wateT) 2,6 x 167°
Jrrstzl {ran wnwer) 1.2 0w 1Ty
1.1 = 107°
fomin Teo-s Ceormigsion's itk Somi-Anasal Revort to Congress,
January-<uns 19535 p. S1. .
" Concentrabtion (Microcwriss per

Teanot (Srring 1955) milliliter ‘extrapolated to 3 days

: Locality after detonation) .,
Upper Pahranagat Lake, Nevada 1.4 x 1072
Waterhold near State (levada) Highway 25 ‘ 9.2 x 105
Meadow Valley (Nevada) Wash 3.3 x 1075

Atomic Energy Commissionts 18th Semi-Annual Report to Congress,
Jennarv-June 1955, n. 80.
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Iv. MEASURES TO PROTECT THE PUBL:iC

The Nevada Test Site covers an area of about 600 squaré miles,
withthe adjacent 4,000 square miles being a U. S. Alr Force Gunnery
range. Surrounding these areas are wide exbanses of sparsely populated
land. For general safety, as well as security, the Nevada Test Site 1is
closed to the public. Aerial and surface surveys are made to insure that
7o persons cr animals wander into the area. Each muclear detonation ic
publiely anmournced ahead of time.

As a part of the Test Organization there is an mdvisory panel
of experts in the fields of biology and medicire, blast, fallout pre-
3iction and metsorology. A series of meetings is held before the fir-

irg of each shot %o weigh carefully all factors related to the safety

A comrlete weatrer -1mivt is in cperation at the Nevada Test

Site, drzwizg upon ail oF the exteusive data available from the U. S.

Weathes Toirzau and the Ady Yeather Service, plus six additional weather
staticrs rirgizg thz Torn site. Thesé data are evaluated for the cur-
szt oans roadictoa Toeziis Uup b0 one hour beftre shot time. A shot can
LI BSACE_LYLo2% 3 RinA LD tn 3 1ew Luonlhd Bufurs wae sobeduies
Ple- T T=aT, ror Tilul. T LB 2 Lnve Lean ;aaé i
Loho urravoreyis saviaer coaolltiors,

Several mezsuves have been used to reduce tle radicaztive
fallous off the nest site. Firsh, of ciurse, only small nuclear de-

vices are tested at Nevada. Since the greater the height of the fire-

ball ahove the surface the less is tre fallout In nearby areas, the

- 31 -
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test towers have been exterded to 500 feet, and during Operation
Plumbbob (Spring 1957) there will be at least cne T00-foot tower. Also,
a new technique of using captive balloons is being developed. Exten-
sive tesus are beiug conducted to determine the feasibiiity of detonatirg
puclear devices so far underground that all of the radicactive material
3ill remein captured and thus, of ccurse, conpletely eliminate any
fallout.

Prior to each nuclear detonation a "warning circle” is estab-
lished for aircraft, designed to provide control of aerial flights within
the srea of predicted path of the atomic cloud. A representative of the
Civil Aercrautics Administration is assigned to the test orgarization and
assists i» establishing the controlled area. This may typically extend
about 150 miles in radius aai be in force for a period from about H
minus ome-ralf hour to H zlus 10 hours. All aircraft are required to

check tr-oign the Civil Asrcneutics Administration before flying in

Af%sr szach ruclear ursi, alrcraft from the Test Crganization
track Tz liud until it 13 no longer readily detectable. Bekind this

come neoar alreralt Tool.n the failout pattern oz the ground. This

s rves t:oosneatszl oo LoTius e ey,
.
- P2 I S IR - = (ST YT - 1=t
_—— P ~ - - Y Tl - PRI .
- IR
{Soriro JATTr illuistraTas Yz . only to
taxs runsroos radiciogical nesmsguremenlle Lt 2len Lo zprovides close liedicon
3 L1, | P 2 - - - KR T A ..',.‘ D o : L J

with ths -itigzens of nearby comranities. The Atomic Energy Commission

azd the U, S. Public Health Scrvice Jointly organized a program wherein
tre areas around the test site are mapped out into 17 zozes., A techni-

cally qualified man has been assigned to live in eacl: zone. His duties

- 32 -
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consist not only of normal monitoring activities but also, prior to
and during the test series, of learning the communities and families

in his zons, getting to kmow the people and having them know him.

In addition to the 17 zone commanders, as they are called, there are

eight mobile monitoring teams on call to go to any localiéy to assist
if needed or to travel to areas outside the 17 zones.

Four additional monitoring programs are also in operation.
One of these projects is primarily of research nature yet provides radia-
tion monitoring data out to 160 miles or more from the test -site. A
second. program is a unigue system of telemetering, whereby instruments
are placed in about 30 communities around the test site and connected
to commercial telephone wires. The operator sits at the control point
and, by placing a norral %elephone call, receives back signals that are
*.a ratiter of seconds into garmma radiation dose rates. A
third prajsct consists < sutomatic instruments located in another 15
communiiizs that perman=rzily record the gamma dose rates continuously
from tke beoginrzing o tiz end of the test series. A fourth program con-
7z with special gamma detection instruments.

Extenlirg outwzrd frox the Test Site across the country are

-~ @ - - - . - 2 PO PR S OO = e - - N
J<e Us T Aol ERE T LEIVICE JOaNLOr iy sraLiens =6 Sarlicied in coupsrTa-
- © el e T S L T oy —- - . 3 I el i T A+ 4 - 2

ciom =il voz Avoxic Zrsrgy Commission, and 12 ARC installations (Zee p.

In addition, trrough The cooperation of the U. 8. Weather
Bureau 92 siations in the United States make summsd pager collesticns
of fallout (3ee p.35). These gummed paper collections are also made
world-wide at T3 otker locations by arrangement with the Department of

State, U. S. Weather Bureau, U. S. Air Force and Navy. (See p.36)

From, Radlations From Fallout and their Effects. Testimony of Dr. CGordon
Ve Dunning tefore Corpgress, Moy 23, 1937.
- 33 -
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U. S. PUBLIC HEALTH SERVICE MONITORING STATTONS

Albany, New York
Anchorage, Alaska
Atlanta, Georgia
Austin, Texas
Baltimore, Maryland
Berkeley, Califorwmia
Boise, Idaho

Cheyenne, Wyoming
Cincinnati, Ohio
Denver, Colorado

El Prso, Texas

Gastonia, North Carolina
Harrisburg, Pennsylvania
Hartford, Conmecticut
Honolulu, T. H.
Indianapolis, Indiara
Iowa City, Iowa
Jacksonville, Florida

*

Klamath Falls, Oregon
Lansing, Michigan
Lawrence, Massachusetts
Little Rock, Arkansas
los Angeles, California
Minneapolis, Minnesota
New Orleans, Louisisna
Oklahoma City, Oklahoma

.Phoenix, Arizona

Pierre, South Dakota
Portland, Oregon
Richmand, Virginis
Salt lake City, Utsh
Santa Fe, New Mexico
Seattle, Washington
Springfield, Illinois
Trenton, New Jersey
Washington, D. C.

Jefferson City Missouril
Juneau, Alaska

AEC MONITORING STATIONS

Berkel=y, Celifornis Radiation Laboratory, University of California

Cinci-=zti, Ohio General Electric Company - Aircraft Nuclear
Propulsion Department
Idshe Falls, Iczho Idaho Operations -Office
Lemor=, Iilirnois Argonne National laboratory
Los Alz=os, New Mexics Los Alamos Scientific Laboratory
New Yorz, Naw York New York Operations Office
Rich =r32, Washizgicn Hanford Operations Office
, Ternessze Oak Ridge National Laboratory
=r, Hew York The Atomic Energy Project, University
¢f Rochester
Salt Zexa City, Utah Radicbiology Laboratory, University of Utal
©WHest o= Angeliszs, Califsonle Aromic Eicigy Project, LC-ics Angelaz '
Semiiz Tormoration fluoauEre IR
- 3 -
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U. S. WEATHER BUREAU FALLOUT SAMPLING STATIONS

Abilene, Tex.
Albany, N. ¥.
Albuquerque, N. Mex.
Alpona, Mich. ~
Amarillo, Tex.
Atlanta, Ga.
Bakersfield, Calif.
Baltimore, Md.
Billings, Mont.
Binghamton, N. Y.
Rishop, Calif.
Boise, Idaho
Boston, Mass.
Buffalo, N. Y.

_ Caribou, Me.

Casper, Wyo.
Charleston, S. C.
Cheyenne, Wyo.
Chicago, I1ll.
Cleveland, Ohio .

Colorado Springs, Colo.

Concordé, N. H.
Corzus Christi, Tex
Corcoxdia, Kan.
Ios A:geles, Calil.
Loiisville, Ky.
Lynczturg, va.
Margustie, Mich.
M2dlcra, Oreg.
Mer—ris, Tenn.
Migzi, Tia.
Miifozrz, Utan

Milwe 722, Wisc.

Mi-rezmnlia AT ey
i — N EPLY -

B y et
Monita. Ale.

P e T e s

CUTTITURDY, SAnE.

tew Tor: (la Cuardis),

Philadeliphie, Pa.
Phoenix, Ariz.
Pittsbuirgh, Pa.
Pocatello, Idaho
Port Arthur, Tex.
Portland, Oreg.
Prescott, Ariz.
Providence, R. I.
Pueblo, Colo.

| v

Dallas, Texas
Del Rio, Tex.
Denver, Colo.
Des Moines, Iowa
Detroit, Mich.
Elko, Nev.

Ely, Nev.
Eureka, Calif.
Fargo, N. Dak
Flagstaff, Ariz
Fort Smith, Ark.
Fresno, Calif.

- Goodland, Kans.

Grend Junction, Colo.
Grand Rapids, Mich.
Green Bay, Wisc.
Hatteras, N. C. .
Helena,.Mont..
Huron,::S. Dake.
Jackson, Miss.
Jacksonville, Fla.
Kalispell, Mont.
Knoxville, Tenn.

Las Vegas, Nev.
Rapid City, S. Dak.
Reno, Nev.
Rochester, N. Y.
Roswell, N. Mex.
Sacramento, Calif.
Salt Lake City, Utah
Sen Diego, Calif.

San Francisco, Celif.

Scottsbluff, Nebr.

. S‘:3.+nt],e R ﬂ? ghi *‘\“‘Tnn

Spskané, o501 .
Co. Louis, L.
Syracuse, if. Y.
Tonopah, Mev.
Tucs Ar*z

Lasntnng., Z.C.isilver HlL_, bt
© Wichite, Kzns.

Williston, N. Dak.
Winnemucca, Nev.
Yuma, Ariz.

L g
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F.OREIGN MONITORING STATIONS

Addis Ababa, Ethiopia
Anchorage, Alaska
Bangkok, 1

Beirut, ILebamon

Belem, Brazil

Bermuda

Buenos Aires, Argentina
Canal Zone

Canton Island

Churchill, Manitoba, Canada
Clarke AFB, Philippines
Colarbo, Ceylon

Dakar, French West Africa

Deep River, Ottawa, Ontario, Canads

Dhahran, Szudi Arabia
Durban Natal, South Africa
Edmonton, Alberta, Canada
Fairbanks, Alaska

French Frigate Shoals
Coose Bay, Labrador

Guam

Monrovia, Ziberia
Montreal, Iustec, Cazaca
Moosoornee, Cztario, Cermala
Nagasaki, <cazan

Fairobi ¥e-ye2, ZFast Arice
Nome, Alesz=2
North Pay, Sztario, Carsca
YNoumea, =W -

Oslo, Nerw=[

Ponaze
= Y e mr—tawa
Frestwicz; ZoIniand
y LS EoU R SN L=
Pretoria. ZoiToL SEITilE
it Boumccr
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Regira, fazssTloewzn Cznaris
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Hilo, Hawaii

‘Hiroshima, Japan

Honolulu, Hawail
Iwvo Jima
Johnson Island
Juneau, Alaska
Keflavik, Iceland
Koror

Kwajalein

1a Paz, Bolivia
lagens, Azores
Lagos, Nigeria
Leopoldville, Belgien Congo
Lihue

Lime, Peru

Melbourne, Australia

Mexico City, Mexico

Midway Island

Milan, Italy

Misawa, Japan

Moncton, New Brunswick, Canada
San Juan, Puerto Rico

Sao Paulo, Brazil :
Seven Islands, Quebec, Canada
Sidi Slimane, French Morocco
Singapore

Stephenville, Newfoundland
Sydney, Australia

Tei Pei, Formosa

Thule, Greenland

Tokyo Air Base, Japan

ruk

Weke Island

Wellinston, Vew Zeleand
Whealus AF3, Mripoli
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V. APPENDICES

A. A METHOD OF ESTIMATING DOSES FROM FALLOUT ACTIVITY IN THE AIR

1. Doses to the Lungs

" Assumptions:

1. The rate of inhalation is 20 cubic meters per 2k hours.a.

2. The percentage of initial retention of particles (and activity) is 25%.

3. A1l of the air-borne activity is associated with particles in the
respirable range.b.

L. The mass of the lungs. is 1000 grams and is uniformly irradiated.c‘

5. Mean energy of the beta particles = 0.4 mev. (The relative dose from
gamma emission may be roughly 10% of the beta dose. Since this is less
than the uncertaintiss in other estimations described below, it will not
be considered here.)

6. The cose rate decrsases according to the reiationShiﬁ of (time)‘l-z.

a uur' i: ’-_'“*_—nc hours than at other times. When such times

amption usually made is that 10 cubic meters
8 hours of work and 10 cubic meters inhaled

b. Zersraliy, ths cascade impactor data has shown 80 - 90+% of
L nas bsen associited with particles S microns or
izz., However, it is quite possible that the '11'm volum.,

rs in uze collisct larger slige paruicles.

nngs is smaller but likewise is the rate

- 37 -
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Method of Estimating Infinity Doses to the Lungs

Step 1.
Calculate the dose rate for 1.0 pc/M3 - hour

A For each one uc/M3 actlva.ty present in the air per hour,

(0.83) (0.25) = 0.21 pc of activity are initially retained. (Based
on an assumed intake of 20 cubic meters of air per
2l hours)

B. The initial dose rate to the lungs will be:

-~

(mﬂ)@d(Laxm%(ymﬂd(mm(mﬂ(Léxm%)@mgmﬁ-
100 (ergs/gm-rad) (1000) (grams)

>

1.7 x 10-k rads/hour

Step 2.
Czlculate the “infi_nitjr" dose to the lungs.

4.2, =54, ¢ where: Ay = dose rate at time of deposition "i®
after detonation (hours)
t = time after detonation that deposition

occurs.

D infinity dose (rads)

00

B. D = (8) (2.7h 107 (v)

. T~y ¢

= (8.5 x 227"} (1) rads

= (0.33) {%) mrads {rar 1,0 uc/m3/honr). -
S - = 0 R A 23 B I e T T IRALO T & S PP

\ Y T
<7 AVACUD DL Ll & n T TSR0 L L S oWy

Tsg = (2.2%) (1) (ue/M3) (hours of inhalstion) mrads (10 13/8 hours)

s
O
O

!
~~

(@]

.
5

() (pe/t2) (nours of inkalation) mrads (10 M3/1i6 hours)
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Examgle

The highest measured concentration of fallout activity in air in a popu-
lated offsite area was at Saint George, Utah on May 19, 1953. Using this
event, sample calculations are made below.

Midpoint of

Air Concentrations Sampling Period | Duratioﬁ of Infinit
{Hours after Sampling Tung Dose
detonation) Tﬁgﬁ—

.0 b5 5 us

2.3 8.5 3 75:'

0.62 12.0 L 19

0.L3 16.0 L 18b;
0.01L 2Lk.0 12 2.6 )

~ 230

a. Based on 10 M3/8 hours
Do = (1.28) (};-5) (L.0) (5) = 115 mrem

b. Based on 10 M3/16 hours

Evaluatizz ¢f Lung Icses

+
)

The zho.e estimates sre based on infinity doses. The actual dose will be
less thew +this but the =xact value is difficult to estimate. It is probable
that scmz 0% of the mazerial (and activity) will be cleared from the lungs with

a half-:ime of aboui one Zay. The remainder may have a half-time of removal of
L

- S nem =T

+ e Ty 7l e Ll a .y o 3 . - 1
ghout 17 Zzrs. Falicut that occurs cone hour after a detonation will expend
N < jenia T Y e yam - ] 3 3 3 s P LI R T bt Py Q- V2L, 3Ty
abonud 523 27 the poientizl intinity dnse Suing the first day, widle Taiiuut

that cooczmr 238 nouwrs after det.

.

ration reguires about 15 days to deliver one-

half of trne 3nfinity dose. The uncerisinties in these and other estimales =nd

2sswiptions 20 not justify attempiing an exach caloulation of actual radiaticz

.

lung dose. However, it seems reasonable to assume the actual dose is less

than the :Lnflm.ty dose and mcre than one-half of the maximum value.

% Langham, Wright H. "Determination of Internally Deposited Radioactive
Isctopes From Excretion Anclvses." American Industrial Hyciens Associstion
Quarterly, 17:3, 305-318, September 1y-o.

) ) 3 F
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Using the infinity lung dose as a basis of discussion, 1its biological

significance may be appraised by comparison with lung doses produced by

natural occurring radioactive materials in the air (radon and thoron and their

daughter products). These dose estimates vary due to different assumptions
as to natural air concentrations and percentéges of activity retained in the
lungs, but very roughly may be 10 mrem per day. Thus, uéing the example
given above for Saint George, Utah, the ini'ini'by dose was calculated as 230
mrads (or mrems in this case); the actual dose may be more than 115 mrers and
less than 230 mrems. This is less than the dose to the lungs each month

from naturally occurring radioactive substances in the air.

- 40 -
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V. A. 2. Doses to the Thyroid

A method of estimating doses to the thyroid from inhalation
of fellout material is contained in the attached reprint "o

Ways to Estimate Thyroid Dose from Radioiodine in Fallout."
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Two Ways to Estimate
Thyroid Dose from -
Radioiodine in Fallout

By GORDON M. DUNNING

Division of Elolony and Medicine
U, 8. Atomic Eneryy Conunission
Washinatin, D. C.

s NUCLEONIES

Feb. 1956, Vol. 14, No. 2, Pgs. 38-41}

Copyright 1955, McGrow-Hill Pub, Co.,
330 West 42rd St, New York 36, N. Y.
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FIG. 2. Approximate infinity dose to thyroid from FIG. 3. Approximate relative infinity dose to thyroid from short-flived 1!
single intake of the 113! and its tellurium precursors isotopes and 113! for case of prolonged intake. See Table 3 for sample
from 10,000 fissions. This figure is used with Table caleulation of these curves

3 in the preparation of Fig. 3

When ingestion or inhalation of radioactive fallout material occurs,

it is important to be able to estimate the dose received.

I'd

“are, for the casz cf radioiodine, is a procedure for determining

the thyroid dose

iven present activity or initicl intake

[1¥]

To estimate the original rate of in-  and biological decays of I*¥f only.
tuke of I from a known activity in This method izuores i.uke factor b
thie thyroid at a later date, onc can and thus overestimaies the original
extrapolate aceording to the physical intake; it also ignores factor ¢ and

thus vwlerestimates the original in-

Poatea T e R R
Tana, Lhe Qg tnoowoa st

affeet thh answer Japenis nron time

PASLE 1o rovoias imazTiant to InyIond Yprae of original intuice =Iar detonation and
. X the duration of intnke.  However, esti-
R mates of the effects of ignoring these
i . T N 7 two factors iwlicate that the over-Jl
AMass rumber {;%.\‘ (}Z) (1)\ (\’U ‘ ,‘,,) erior \fnp‘d tiot oe any g,:lc.’lt'cr thun
other inherznt vavertainiies
- . e - The exact steps are given in e
131 30 br . .

| ‘ following sections. Thesymbolsarede
25 min — 8.0 day — stable fined at the head of page 40. Two
132 ~3min-— 77 hr — 2.+hr - stable examples are given on pages 40 and 41.
133 <10 min — G0 min — 21 hr - 5.3 day — stable . 1. Initial rate of intake of 1'%, K.
134 <10 min — 43 min — 50.8 min — stable Assume that the rate of intuke de-
15.3 min (~10%) creases according to the physical decay
/" of the isotope. Then activity in the

135 <l min-» 6.7 h-’\ thyroid changes with time thusly

\9.2 hr — 2.1 X 10% yr — stable d:A = Ree™t — (A, + Ap) 4
dt i
Vol. 14, No. 2 - February, 1956 3%
b ad e . baad » B = - - Ad - A s Bt ~~ M -
L E E -~ :. . o Ba ;Y. . -~ — - - h X P - s :
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By GORDON M. DUNNING
Division of Biology and Medicine
U. S. Atomic Energy Commission
Washington, D. C.

Two Ways to Estimate

Thyroid

fallout presents uzl,
of thesa is how -

Gosn Jrey inEale o

made with the pos
in a laberatory os
Elovever, it s ¢f
sueh ostimates, ever though cimittedly
based o wmited data.

There is disagiecment as to the
principal mode of entry into the body
of the radioactive I contained in fall-
out, ie,, inhalation or ingestion. For
low-yield detonations, such as in
Nevada, relatively higher concentra-
tions of fallout material are found in the
air for only a matter of a few hours
with e tudly all of codeulitod lntake
by inhulation coupleted within 24
hours for nearby communities.

When the detonations occur at

38

X E I I =
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Single Intake
"
T
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(2] Lk
L =
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(4 L
« ©
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o C
S F
- m 8
0.01 Lo srutl [ SN s YTl Ll
N [o2] 1O - [{Y] . 100 . 000 .
" Time trom Detonation to Intake{hr) j

FIG. 1. Approximate ratio of infinity dose to thyroid from short-lived radio-

iodine isotopes and 1'¥! for case of single intake.

calculation of these curves

ose from

M

23

tha Ducific proving ground the ue-
tivitr in the air may persist for some-
Thus,

o relativaly early. short cuposures

what longer times 1n the UL S,

the ameunt of @taie CF il Lenion

Thoar b ioeess

oo broneresate’l
Howerer, 7 copat
mal ingestion for o eontinuing period,
it would appear i< by fur the
fuctoi, Leoegnorinlle
fuct,
Neiueda
test site showed there was little [in
the thyroid of rabbits, who were re-
strained so that they could not ingest
any material but could continue to
inhale during and after fallout.

The problem of dosage calculations
is cowmplicated by the presence, at
early times after detonation, of short-
lived T tsntapes in addition to 113 and
b telluriuin precursocs {ur several.

The general approach given below
for these problems is to caleulate the

0. i

aoninaat
true for grazing
field  exprriments

. v
AL Lnts,

urac the

See Table 2 for sample

ne in Fallou?

dose from I and its precursors and
then add t» thix the contributien from
the short-tived isotrpes of T and their

PR TURNrs.

D toorelrtive -

GTSe w0y DI AT D aly e

. ! . MEIR LR
R IR SRR S ! ;

N ,

i e L AN '

Their proreryes aee miven in Table |

Caleculating Dosa

™.
1 ar

R " "li‘t;"‘t la}1 i"“ et

fionlt fecaiew of

a. Uicortaintios of the percentage
nf itiee futo body that rearhes
the thiroid,

b. The teliurium precursors that re-
sult in the absolute activity of
the 13t in the environment re-
maining roughly constant for
about a day followed by 2 period
of teoreasing deeay rate until the
Prevy -ars Loosohigen piny e sl
eant role and the decay rate
then hecomes that of 131,

February, 1956 - NUCLEONICS
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Symbols Used

thyroid E = average energy of beta par-
ticles (Mev)

K = 53 RoF (2 constant)

D, = infinity dose (rcps) to thy-

roid from single 1 intake

A o= A(f) = activity in
(ue/gm)

K¢ = initial rate of intake of thy-
roidal 1'% (pegm,/day)

- = radiological (physical) decay

coustunt’ D, = total iufinity dose (rep) to
Ny = biological decuy comstant thyroid from (‘ontimml -
t = time take from ¢ =0 to t =
TABLE Q—Sample Calculations for Figure 1
A B [N D E F [ H
Number of Atomsofiodine Average Max. rel. .
Holf- Actiritys atoms present reaching beta energies o Ratio®
Radio-  life  (dpm/ 10,000  per 10,000 thyroid per  energy to thyroid I8rers Energy
isolope (hr) fisatons) fisnons 10,000 fissions (Mev) (B X F)? Ii3t Energy
R 192 0.014 230 57.54 0.20 1.5
Tet 30 0.019 49.4 9.9 0.20 1.9
Tewtm (.42 1.5 54.3 13.6/ 0.20 2.7
I3z 2.4 0.026 5.4 0.3¢ 0.52 0.16 0.01
Te's* 77 0.056 374 11.2» 0.52 5.8 0.36
1133 21 0.14 235 48.5°¢ 0.43 21.8 1.35
Tetss 1 2.6 226 43.0/ 0.45 19.4 1.20
I 6.7 U.88 512 61.6% 0.30 18.5 1.1
I{all short-lived; ~3.07

s Based on Hunter and Ballou tables (1).

t The biologivz! fute of the isotopes of iodine is the same.
tions of the total
nated accordingy 1«
of a short-lived
loss of an I3t
thyroids will be :
lived rudioindu
gies wilt be de
A, Is signilica
(0.0036 hr=11, ¢
given tn colin

Thus, the same propor-
;:nber of atotus of each ars taken into the thy roid and then elimi-
+he biological (hf-mr.te'ww: of the animal. The loss of an atom
tope means a greater loss of energy to the thyroid than does the
twever, it s to be expecizd that the biological haif-life of animal
b greater thon the o val half-life of even the longest short-
e nopn {1138 w inh 1- ur b i s0 that essentially all of tlese ener-
-3 where the biological decay constant,
~diolngical decay constant, A, of 1153,
:mludm" Teliand Te¥'™ prec msors\
e factor A, (A, + M) atd likewise the
‘ar the short-lived isGtopes should he

, -

"gc Lomp‘\kh
tte-values forene
~hou!! be muitiy i
values for the el 117 energies tn eolums
ultiplied by the o0 roar (N — a0

< AU of the wvlir wtarss reaching the <bvrod will disintegrate there.
nmay be necessar: o ording to fantiote o,

T23C af the: {0 2o taken inty the UL

200 of Term 200 fnto the by
tisiutes

»
2577 reqcbies t

S Aol the T+

Corrections

each the thyrotd.

into the = the thyroul, ie, about 80¢, would
s Teewhnde B tae zut o which all disintegrates to 1191 of which
e

Teins baEen into che Leay widl disintegrte to T8 of which 256

wil vl the £
£ N Lt .« T 1 . .
TEISL ot "‘— IR S Y !‘- :_'.'Z'i.flx:. .!;4 B SRLTTN hl TN :
RO
U P T S O Aecording to a\~.'!'ﬂm' detz

: t‘t;‘l';- 'n'"

I
t

Cal ol
Talieining

. : Lion oF 8 ‘1\'.';".' veGh-
HENE CEMHINE PR —‘xhws n ’J'nl".»' ! oare
Vil “ biclozical helf-b e of dodine 14 11a blasdy,  Tlheze alsy

Tive AN
Bloasl of _;‘\ ERReN

- a biologieal budl-lite of .m!zm i the
£ i s aniv, the eaties given g 1T 1
,Jnul‘a‘)" : ‘.'::4',4 ,j' ;o LoV
e individual zhort-lived nr‘mﬁ otore s indicetd jp
of the totai ~h'v t-lived .smo; o I8 may be under-
4 T v er cont it the catly thimes af tl Talctonation. At later
ties the [ enne \“n“ pw Ioriinates, but al-o the ratio of infinity doses frat the
totiul short-lived vpes to 190 has dee reased significantly.  Thus, the method sug-
unte'l heree muay ;:.w & [ulr approximation of thc total mf.n-t\ doses for sheep.
4 3% of the Ter* intake reaclies the thyroid as I3z, e, 50% would disintegrute
to 12 while in the gat of which 67 will be deposited in the thvroul per footnote g.
S F19% of the 197 taken intn the hody will be deposited in the thyroid; 25¢; would
-be depuglte(l normaliy, but about 256 of these atoms will decay bcforc deposition?.
7 All of the Te'” taken in will Jisintegrate into I'33 while within the body of which
175 will rench the thyroid according to footnote ¢
F127 of the T intake will be depasited mn the 1..\mx(‘ 256 wonld he Jdennitnd
g U e e Sy Bofore v posiito )l((!ll[lll" to fuotrote 0.

:n,.'-. KAt

All“ ratln o
L 'wl Uty ‘,.’.l

e~tun wed for

1
PRTEIN PO

40

B O B R S N S AP SN

‘L'his has the solution

A= Re (g2t — g~y (])
X

Thu;, analyzing the thyroid for its
1131 getivity, 4, at any time, £, one cun
figure back to the initial rate of intake,
RG-

2. Infinity 15t dose. The dose bo
infinity from I'3 intake on the first day
is

D.=K L " O gy
= K/(Ar + No)

The infinity dose from a continuing
intake that decreases according to the
radiological decay is then given by

Di = K/\ + A [o Wy’
D, = K/(\, + M)A, (2)

3. Doses from short-lived isotopes.
The additional dose to the thyroid
from short-lived isotopes of iodine re-
sulting from a single intake is sum-
marized in Fig. 1. A sample of the
caleulations used to construet Fig. 1 1s
given in Table 2 at left.

In the case of grazing animals, how-
ever, the period of intake may start at
different times after detonation anfl
extend for varving periods ¢of time.
An estimation of additional doses to
the thyroid from suort-lived isotopes
of iodine under these conditious is sum-
marvized in Fig. 3. A sample of the
caleulations used to con~icurt Fig. § is
given in Table 3.

i

)

Example: Sheep Ingestion

Abhout 3!, hours after the nuclear
detonation at the Nevada Test Site
on May 19, 19533, failout occursed in
an aren ol Codure ity Uil

H¥ ..

Sadlt
13 seme of thoss <hacn woe saepineed
' coooeenbre o
were anewsured i spectinens of thoir
thvespiz,  The highest wmensuesd (B8
ations on Jule S wrpe

O Y N A TR S

copes

the fhyrr.-;xls of the:o sheep from all of
the sotopes of radietodine?

First ealeulate the I' daose, then the
dose from short-lived isotopes. De-
termine the initial rate of intake of
I'® activity per gram, Ry from Eq. 1

A = (Re/M)le™™t — g

In this case A, = ()_37'“(-/”", when
saceieed Juoe 1,
(Working back

February, 1956 - NUCLEON!CS



from July 8 meas-
.urement.)
t = 27 days (May 19-
June 15)
Ar = 00366 day—t
A= 0.0204 day—1*
Thus
7 == k. —~6.0865,27 o 0.107
0.37 = 00704 le CBL6. 27 1072 ]

Ry = 0.189 uc/gram/day.

Now we determine the infinity I'%!
dose using Eq. 2

Dln = K/Ar()\r + xl’)

where: K = 35 R.E = 55(0.189)(0.2)
=208
Thus D,. = 221 reps is the infinity I'3!
dose.

To estimate the dose from short-
lived isotopes of I enter Fig. 3 with
these parameters:

start of intake = 3.5 hr
duration of intake = infinity.

The graph indicates a ratio of approxi-
mately 0.45.

But this is
decav. i.e..
tion tiat ‘('= bl

5 slgnifeaniy less
r‘.e(.l} eonstant.
ert this rati l

s faetort

)
N
[

The ni .
et ~ : L
thoe s PR I

22 T DA e
R ittt 2 120 &
Yy SN oy
. . VE
PO : I

t - -

[ HC RN didar stiaetios

abont 5 to prodnes definite

el e pn vt v s,
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EXAMPLE: Human' Inhalation

On May 19, 1933 the highest concentration of activity in the air due to
fallout that has ever been recorded in the U. S., outside the Nevada Test
Rite, occurred at St. George, Utzh. "It amounted to about 1.3 pc/m?®
sveraged over 21 hows. The total radiation dose to the thyroids of the
people at St. George from inhalation of the isotopes of I is estimated to be
0.302 rep as shown in-the following tabular calculation.

Estimate of Radiation Doses to Thyroid of Humans From Inhalation

Fission-
Time Arerage ptr.:;?:t Fraction Added doss
nfter Sfiasion- actinity of fission IV getinity  Imfinity I'3'  from short-

detnna- product originally produet reaching dose to lived Total
tion astivity retained that is Jind thyroid thyroid 1s0topes®  infinity dose
(hr)  (sc/meter?) (ne)e % (millipc) (rep)d (rep) (rep)
2-7 4.0 12.4 0.16 5.00 0.0304 0.121 0.155
=10 2.3 4.3 0.35 3.77 0.0230 0.074  0.097
10-14 0.62 1.56 0.47 1.80 0.0110 0.030 0.041
14-18 0.043 = 0.104 0.7 0.19 0.0012 0.003 0.004
18-30 0.014 _ 0.105 1.1 0.29 0.0018 0.003 0.005

Tota 0.302 rep

= Based on 0.83-meter®/hr air intake and assuming that 75% of the activity will be
1mt1all) retained either in the 1un;5 or find its way into the gastrointestinal trart.
Based on assumption that 755 of initial intake of both Te precursors of 1'3 will
remain within body until deu\yed to 131,
< Assuming 257 of initial retention of 1!3! (either in lungs or gastrointestinal tract)
reaches the thy roid.
1 [nitial dose rate = (553(0.2) (e of 113t per gram of tissue) in reps per day. Infinite
dose = Initial do~e rate/ix, 4+ ).
¢ From Fig. 1. Multiply these ratics by {\, 4+ X))/, for I3t in man,

ABLE 3—Sample Caiculations for Figure 3

A E ¢ D E 3 G
Hain of t'el ereryies
o Rotitice [Femt [i%3 fo- infingle
Te ey Mene o f Creolitive thyeoid dose intake foom
R (ot it ratbng af I I si dvanr to enof of pv"'mrl
CRTIOE e - B N R A - .
i A tronke FEe T 1otk o mnet F oo )t
Vi ) 7 Teu! G.u 305 370 3.8
Li-21 5% R1 2.8 RYe | LY 295
PN L0t 168 1.6 240 Pty 252
A4 [ (I 1.3 jrun [ 223
T it TAt A HEM L] R
31-141 IRR) N85 L. 84 115 1,52 FI
6:i-7i b 1,019 0.70 T 1.7ia L.o8
Ti-51 125 1,144 0.35 (B 1,784 1.56
Ni-d 2o 1,264 1.1 2D 1.830 1.45
Hi-101 115 1,350 .10 16 1,885 .37
101201 H2u 2,299 .20 184 2,064 [URL U}
201--30 G0 2.0 0.05 a2 2,121 0718
301401 e 3,414 0.042 19 2,140 0.4626
H T -601 oou 4,014 0.02 12 2,132 0.335
6O1-801 280 4,200 0.0003 3 2,155 0.500
Sl)l—l ,001 140 4,039 0.005 1 2,156 0.43}
g !'» e l on Fig, 2.
A
l( i i~ W oreeeted for bnokogend deeny as desertbed o footnote 5 Table P

cuses where Innln"u,.\l deeny in the thyroid is signitieant for 1.3 nmltlpI\ fnst xnlm
(; by the factor (A, + M)/,
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V. B. A Method of Estimating Doses From Activity in a Water Supply

The value of 5 X 1073 microcuries per milliliter at D + 3 daye
after 8 detonation has been set as an operational guide for activity
concentration in water: This may be evaluated in several ways, one

of the most extreme being that water containing this amount of activity

" i{s stored and used as the sole supply for a lifetime at the rate of

2000 milliliters per day but using the adult skeleton as a basis for

calculation). Based on this assumption the following calculations

' ere made as to resultant total doses:

Iower large intestine ~9.0 rads
(1esser doses to the other parts
of the G. I. tract according to
Graph follcwing page U43.

Thyroid ~8.0 rads

Bones ~36.0 rads
The ec+uzl doses from <he use of a normal water supply containing
this ar>mt of initiel zctivity, will be undoubtedly considerably

lower.
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V. B. 1.

Assume :

DOSES TO THE GASTROINTESTINAL TRACT

About 22 pc of fallout activity at time of intake will result

in one rad of dose to the lower large intestine.¥

(5 x 10°3) (2200) = 11 pc intake on D + 3 days
11
72 = 0.5 rads to lower large intestine from the 11 pc inteke

At a constant rate of volume intake and an activity intake
. yole2

decreasing according to the relationship of (timé)™".~, the

total dose from the third day on is (essuming TO years 1is

equivalent to the jnfinity dose)

D3-oo =5 A3t3 where A3 daily dose on the third day

3

D3_go = (5) (2.5) (3) = 7.5 rads

3rd day after detonation

According to ralerence below the expected activity at times
earlier than T - 3 days (using the relationship (time)'l‘z)
i- roughly =me*-:czed by the increased required activity to
produce the saTe dose to the lower large intestine, i.e., if
il uc intexs <o D + 3 will result in 0.5 rads to the lower

lerge intestinz, Then drinking the same amount of water per

day ITov tne ge"iod\praceuing +his will also produce atout 0.5
b ~ 37 et
T e F Y S = 5 3 S - - -
mmzrefore, (3) (0.3) = 1.5 rads Tor T1rst three days of inteke
or

7.5 + 1.5 = 9.0 rads total for intake from tThe peginning of

ihe first day for a lifetime.

*"Criteria for Establishing Short Term Permissible Ingestion of
Fallout Material”, Dunning, Gordon M. To be published.

(The pertinent graph from this report 1s reproduced here.)
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E. Relative values of doses to the stomach, small intestine, and
upper large intestine and lower large intestine are given in

reference below. The pertinent graph is reproduced here.

V. B. 2. DOSES TO THE THYROID

A. According to references below 13.2 pc of intake are
required on D + 3 days to produce one rad of dose to
the thyroid from the isotope of iodine.

11 = 0.835 rads dose to the thyroid from this oae
13.2 day's intake.

B. Summating from the lst hour for an infinity dose ylelds
agbout eight rads total dose to the thyroid.
" C. Summating according to the graph (reproduced here) of
referenze below, from the lst hour for 70 years yields

abcut =ight rads totel dose to the thyroid.

-

"orizeria for Ds<atlisting Short Term Permissible Ingestion of Fallout
Materiel", Duzmning, Jordon M. To be published.
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V. B. 3. Doses to the Bones*

Step 1. Compute the total dose to an ‘organ from a daily intake of constant
-yolume or mass but with the activity intake decreasing accord:_ng to
radiological decay of the isotope.

A. The dose (ignoring for the time any biological decay) to the organ

from any day's intake is:

D, = Ro je ~%T  aT’- Ro f e "7‘T7Jd7“

Where: Dy =dose from any day’s intake
Ro =initial daily dose rate
Ay =radiological decay
T =number of days intake
7 =time in days (variable)

= B2 ( e -MT - e M)

B. The total dose (iznoring biological decay) to the organ is:

Ro T
D =% /(e T -eNT) aV
0

C. Ths dose to %%z organ considering biol ogical decay is:
N = T o
Dp = ptXg] Frfyli-e ” Y Te™ T
DT = A UdpF i i l-e~rT - Ap Le")‘I‘
L_

Swsp 2. Comute Initlal dolly dcse rav RGN
— - - TN - - . .
Tom 10722000, = Lipe groco 11ssiin croduch intalz o I T 3
/ ! o ! c ¥

o - - ERENEN, n . o

(11)(5.2 = 1077 = ©.37 x L ¢ pe of S»%0 intale ca D + 3

(6.37 x 1078 (0.28) = 1.5¢ = 10-4 e of Sr70 deposited in the tones

—~
|—’
U\

55 % 10°1) (ye) (2.2 = 1077 {d/day-uc) (1.0} (Mo} (1.6 x 10-6) erps/mev

100{ergs/gm - rad)(? x 10-3;{grans) _ -

1.16 x 106 rads/day

snder the conditions assumed here, that the water is stored and used as the sole

source of supply for 70 years, the strontium-90 content acccunts for almost all
ol tho toiol dose.
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