-,

Y,

Preliminary Report

RADIOLOGICAL SAFETY
FOR THE

IEVADA TEST SITE

N
fo ;
Do ; :
A /
z -* 4
S
’/
\\
- £
!
L
\;_}J ~ 75
. SRV

N

.-'/’I
4OEOOT
™ . has
- a [



INTRODUCTION

The purpose of this brochure is to review briefly the (a)
radiological safety crite;ia, (b) data 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 willl be ;e-
vised as a result of additional date from OPERATION PLUMBBOB.

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

" PLUMBEOB.

It is not the intent to cover here Project Sunshine or ex-~
posures from lpw.level long-lived gamme emitting isotoPesQ Rather,
this brockure is ccrcermed almost entirely with the more immediate
as5zs2ts of nuclear weapons testing at the Neveda Test Site.

This is a preli—‘nary report. Suggestions are most welcore.

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

NEVADA TEST SITE

Balow ere pertinent abstracts and coﬁdensations from past deliberations
on the radlological safety criteria relating to nuclear weapons tests.
I. Ranger '(Januafy-Februa;y 1951)
| "It had been previously agreed that exposures up to 3.0 r would be
permitted for the Operation (20r for individuals planning to participate

in Operation Greenhouse):y ﬁT-QOM_Qperation Ranger Vol. 5 Program Reports -

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

II. Buster Jangle (Fall 1951)

A. "l. "The external dose to non-participating inhabitants, ef radia-
tion from gamma rays, shall not exceed the accepted internationsal
permissible dose level of 300 mr/wk (1.8 mr/hr).

"2. At eny poirt of iman habitation, the activity of radioactive
tarticles ir ihe atmosphere, averaged over a period of 24 hours,
1 be limitei to one microcurie per cubic meter of air (cor-
re po“dizg erxzrexiately to a ground level gamma internsity of
nr)
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2i-hour sverags radicactivity per cubic meter of air, due teo
end=sé perticiss having diametgrs in the range 0.5 micron to
, 22211 not exceed 10™° microcurieg; mor is it desir-
ie that any Ixdividual particle in this size range have an
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tivity greatsr than 107¢ microcuriescalculated to 4 hours after
-z tlast. ‘
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1 that the partledate watter com-
llowable activity of ons microcurie
meter of air will have a normwal distri-
butioch of particle sizes ranging from a few tenths
of a miceron Yo possidly severs]l hindrad micreoms.

(See Appendices JI und TIL.®
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Meeting Jangle Feasibility Committee, Washington, D. C., May 21

and 22, 1951.



B. ™. The external dose to non-participating inhabitants, of radiation .
from gamme rays, shall not exceed the accepted internationai permissible dose
leve_l of 300 m.%:!; which may be é.ntegrated) over & maximm of 10 weeks.

"2, At & point of human habitation, the activity of radiocactive
particles in the atmosphere, avéra.ged over a period of 2% hours, shall be
1imited to 100 microcuries per cubic meter of air (corresponding approxi-
mately to & ground level gamma intensity of 30 mr/br).

"3, The 24k-hour average radiocactivity per cubic meter of air, due to
suspended particles having dlameters in the range O micron to 5;0 microns,
shall not exceed l/ 100 of the above; nor is it desirable that any individual
part;i.cle in this size range have an activity greater than iO‘z microcuries
calculated 4 hours after the blast.”

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

C. "Tkic Division authcrizes a permissible exposure of 3.9 r of gamma
radiation fcr Buster-Jaznge test personnel, without regard to the rate at
which the 2ose 1s eccumi’z=ted, providing this exposure represents the total
integrstel gzmxe dess cover zny period of 13 consecutive weeks whzch includes

the test z=riod. Specificelly, this permissible dose of 3.9 r is not an extra

Erxcrandum from Dr. Shilds Warren to Carrcll Tyler, Me.nagef SFCO,

Jetober 11, 1951.
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TII. Tumbler-Snapper (Spring 1952)

B, "———An ad hoc committee composed of authorities in the fields of medi-
cine and roentgenology has given careful study to the exposures which
may be safely received by the public as a result of nuclear test
detonations. This committee advised the United States Atomic Energy
Commission that a total dose of 3 roentgens in any period of 10 veeks
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.—"

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

M-It is estimated that water containing total fission prbdunt 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, pp. 113-116.

"---ths Commissisn has adopted a policy of limiting exposures whenevsr
possible tc 2 %otal of not more than 3.9 roentgens over a periocd of 13
waeks, aprrizizssely the length of the 1953 test period."

cmic Zzerzy Commission's 14th Semi-Annual Report to Congress, Janu-

"On-Sits ewposure slandurd r@cuid be 3.§r/ié weeké;“;iéhgtgé'Tesﬁj'/”
~ir:ctor autborized %o zpprove exceptions if reguired.
-8i%e exposwra standerd shoul: e 3.,9r/5r, the figure being cne
of zctual gamma exposure 2& messursed by a raliable indicator of total
body irradiation and corrected by a factor to reflect the effects of
shielding and weathering."

 Committee to Study Nevada Proving Ground, Spring 1954.
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VI. Jangle Feasibility Committee, January 20, 1954.

Criteria for air concentrations were dropped since.they were originally

proposed as a means of estimating external gamma dose rates at ground
level and better methods to do this were ncw apparenf. Collection of
data on air concentrations were to be continued for documentary purposes.

VII.  Operation Teapot (Spring 1955)

Radiological Safety Criteria and Procedures for Protecting the Public

During 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
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3.9 roentgens whole body gamma radiation for off-

ite exposurss rzsdting from Operaticn Plumbbob.
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II. CURRENT RADIOLOGICAL SAFETY CRITERTA

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

%In ligﬁt of the recent National Committee on Radiation Protectioh
fecommendations 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 maximm 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

Test 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 established after full consideration for protecting the health and
welfare of the public, both in terms of radiological exposure as well as
possible hazards, hardships or inconveniences resulting from disruption

of nomal activities. Criteria are established as ghides 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 imprcred methods of zredicting fallout and with the use of bal=-

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

ted that fzlloul in poputzted areas from future tests at the Nevada
Test Site will be less than the highest amounts which have occurred in
the past.

Two teszic gssumnticns are made in this report:
of the Divisicn ot Bislogy’ .
and MeZiiinz To =2s%atiish such criteria for the Atomic Eﬁérgf
Commissicn as de=mad necessary to protect the hesalth and wal-
fare of thz generzl pbpulace from consequences of weapons tesis
conducted at the Nevada Test Site,

b, The operational procedures adopted for meeting these

criteria shall oe the responsibility of the Test Manager, as

directed by the Division of Military Application, with the
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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,

I I

&
»
F
poo
r

et
-
P
i
b
b
-



1t
=1
o
I3
iH
10
=
(]

Evacuation . .

Background

The decision to evacuate a community is crifical for two principal
reasons. One, presumably there might be a health hazard if the persommel
were allowed to remain. Two, there is always an element of danger and/or
hardship to persomel -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 community, areas and accommodations available for the evacuees,
veather 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.

3

Furthes, it is recognized that under certain conditions, the evacuatioh

of a community might not only prove rather ineffectual but could result in
more raliztlion expecsurs than if the population remained in place un??l

the sizuzztion be zdeguatzly evaluated., &£ blanket evaluation cannot be made
in advirmz:s; each sizuztiza can be unicue. The following criterisz there-

grested z= guides in assessing the possible radiological hazards;

copulations since small groups may bz evacuated without equivalent potentisl
t.arsards,

Owing to the necessity of making early measurements and decisions,
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it is to be expected that dose-rate readingé, takeﬁ with survey meters, will
be ihe 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 expoéure.. The variable nature
of these two parameters makes impossible the estgblishment 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 (t)'l‘2
for the first week after a detonation, (t)-l<3 for the second
" week, and (t)~1+D thereafter.»
b. For shielding -- the accumulated dose per day be 25% less
thari the out-of-doors dose,.*#
In the case of a truly emergency situation where potential hazards
may exist either from the fzllout or from mass evacuation of large popu-

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

biologiczi repair process that takes place with rediation doses distributed

Lry =
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1tz from beth ths Nevada Test
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_______ ar a lzvade Test Site and wita
115, 2 ants may ba greater than these,
ther thar empt further estimates for NTS at thies time,
es will o0& used untili the rosuliz of Tie capsaded raldicloglenl
rogram for Ugeraticn FLUIIBENS can be analyaed,

"% This 1s based on an average 12 hours pesr 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 builtdings.

Again revision of this estimate will await the results of the expanded
radiological program of Cperation PLIIBEOR,
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in time (reccgnizing that such effects from radiation as genetic changes and

life shértening may not be time dependent)., The estimates for biological

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 occurs

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.,

CRITERIA T

Effective Biologiczl Doses may be calculated according to Graph.I

Teble I may be used in evaluating the feasibility of evacuating rela-

tively lzrge populaticons.

. TARIE T

2A2ICLOGICAL CEITDRIA FOR EVALUATING FEASIBILITY OF EVACUATION

23]

fizrotive Biglogiczl Tonse

(03¢

50 roentgens and hisher

¥ £

By
ey
L8|
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- Indicated)

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

S e e

15 roentgens

(Evacuation indivathe. without regard

to auantiiy of dosz that might bs sz2ved,
providing adequate sielters ars not
available and the estimated hazards
concomitant with the evacuation are
acceptable.)
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SECTION IT

'PERSONNEL. REMAINING INDCORS

Background

By remaining indoors (a) the gamma exposure will be reduced, and (b)
there is 1ess4possibility that the 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 optimu= tenefits zre io be derived and remaining indoors until the
radiolczical informzticn is more accurately evaluated probably represents

one of the eazsiest znd eflsctive ways of meeting an emergency situation.

Lue we unmesrrzintiss in our knewledze. 2nd recopnirirg ths usuzl | v -
aneguel Ziztwinaiion of f:llout, U hus nob b2en oosxibla vo estuboish
oreciseir tr2 arcunt of failsut in an area that could produce teta burns,

U Mowmera® oo ~ riene o 3 Yol Clee o 7 o= 1 - el

ine Marshalles2 experience sioveld suco ellfecus for those peoplc expesed 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 thesz 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 inf iﬁity 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
persomnel 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 chanzing 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, ':‘;_eir actual exr-cswre might be in excess of 3.9 roentgens of whole-
body zema  This weull not necessarily be hazardous but would exceed the

estakliched criteriz for Plumbbeb (Criteria VI).

CRITERIA IT
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eading as measured by a survey meter held

TaTes 23T abTve wne ground resches the Tiioos wiven il Sroph JU a0 th2
LotET olietezy 1T ds reccermzniled thal persomel be reguested 3¢ remain
innoors with windews and Zoors closed. Release from this restrichive

acticn srhould be nade én the basis of farthar evziuation of the radiiclogical

In the event that there be convincing evidence that the radiation
levels given in the graph will be reached, it is recommended that personn=1

be requested to remain indoors BEFORE fallout occurs or before the
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radiation levels equal those in Graph II. Release from this restric-

vtive 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 AFTER 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 trat the same advice be given as in the preceding

paragraph.
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GRAPH I
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SECTION III

DECONTAMINATION OF PERSONIEL

Background

The principal purposes for decontaminating personnel are to reduce
the potential beta deses to the skin, and to a lesser degree reduce the external
gamma exposure. The discussion on beta doses in Section II is applicable here.
In addifion, 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 exisking instruments. Recentlj new field instruments
have been developed for direct beta measurement, but there remains consider-
ably more work necessary to calibrate them in terms of beta dose rates to
the body. U=ntil this is accomplished, the paét criteria may be used.

CRITERIA ITI

wtere it is not tossible to monitor personnel outside of

Ziaticn fielid, it is recommended that an estimate be

o
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macde = the degres ¢ »ersormmel contamination by determining the

locaticn of thz inéividual at the tirme of fallout. In the event

ther=s .5 uncartzirty as To the validity of such an ectdmects, “he
D e B T R - mm = ey Ao n st A = P vt vy~
ass.IIlion wiol L omas: that the individual was cut-of-doors. during

the izms of fallout. Im those arsas where the infinity gamma dose
¢pisls or exceeds 10 roemigens, it is recomsended that the individuaul

be advised to 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 a 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 III it is recom-
mended that personnel be advised to bathe and to change
clothing.

For personnel being monitored outside the general radiation

field where personnel contamination exists over relatively small

areas of the EXPOSED body (less than one-half a square foot):

field, azi the ¢

The recommended maximun values are one-half those given
in Greph III. 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
raris, and elso a change of clothing may not be indicated,
urless the radiztion levels exceed those stated below con-
carning monitoring of exterior surfaces of clothing,.

=2zi7-dollar or less):

P mayimam valuss are one-fifth those given
¥asaing may be limited only to the con-
23 also e change of clothing may not

e radiation levels exceed those stated

wnitoring of exterior surfaces of clothing

v

~ex

LR 2AC LT

ortaminsiion exists over only spots of EXPOSED body

Tield

and TL: roniamiifiuion exists over any size area on the extericr sur-

The recommended values under these conditions arz twice
those given in Graph 1TI. 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 III 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 sct 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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GAMMA DOSE RATES VERSUS TIMES AFTER DETONATION

Wik

DECONTAMINATION OF PERSONNEL IS RECOMMENDED

TEXT FOR METHODS OF MONITORING)
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DECONTAMINATION OF MOTOR VEHICIES

Backgr aund

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 additjonal 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 beta measuring instruments (see Section.III)
are calibrated, will continué to be recommended.

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

2 hold vehicular traffic until after the fallout
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kad essexntially ¢==35:z3, Past experience has shown that very significantly
iesg vznizle contemiration occurs when it passes through an area after-
wards soopersd Do bring ncesenl o ing the Sallovt time. althoush snive-

- .

Tz zz: 3till be pickxed up on the tirses and uader the fenders.
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wOV1liusly, tners 1s non

precise value th:at may be given, but it is

¢t
o

recarended thav iF¥ the anouct of fallout asross 2 main hizlvway 15 pradicted’

to e in an amount equivalent to 10 roentgens or greater infinity dose,
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that traffic be temporarily halted until the fallout has essentially

ceased.

CRITERIA IV

It 1s recommended that when the predicted fallout across a
main highway beequivelent 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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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 is 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 & serious
contaxination of water, air, or foodstuffs. One good point of reference
is t== Marshalilese exrsrience where the whole-body gamma expoéure was
175 roentgens yet tz= internal deposition from ingestion and inhalation
was rsla2tively szmeii. In the event of a relatively heavy fallout, but
less Tzzan ons callizz Zor evacuation, a common sense rule would e to
was: zxzosed foods, such as leafy vegtables, since this is the most pro-
pebls male of dnmake of activity.

CRIEXIL §

Mogrnitoring of eir, food and water should be mede as soon as
possible in ereas where the infinity dose equals Cr exceeds 10
roentgens. There need be no réstricﬁive actién iﬁpéﬁed-oﬁ food
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.

-21 -
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ROUTINE RADIATION EXPOSURES

Background

" The Aiomic Energy 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 end 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 on somatic effects and may justifiably be considered in
emergency situations when it is necessary to weigh the relative hazerds
frog radiation versus mass evacuation. However, for routine exposures,
the sctual (estimated) roentgen dose should be used. To distinguish from
the Zflective Biolcgical Dose and the Infinity Dose, this exposure will
be exzressed es ﬁhe Zstimated Dose.

Grava V incorrorates the assumed effects of weathering and of
shiz2’ling accordiznz o the discussion in Section I. The graph méy be
ii:early extrazoiaisl to other dose-rate readings. For example, if

fzllzut ocours tnree hours after detonation and the dose rate is 360 milli-

PR - o v e e - N LR - BN [ D N R - Jer e
TIEITg2ns ner hour, Then sbout three roentgenc (esuioated doue) msy .
- sl . . P S Ly
Ayt g s 3 — /O
ATCUITU_2TSE, 1. €.y 300 x 1 = 3
120

As discussed in Section I, the estimates of the effects of weathering
and of shielding sre comservative {or areas sround the MNevods Test Site. !

range o radiation doses is to be expected for these people since they will

LB
-y
R
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not all be living under 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 Operstion 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-boZy gamma Estimated Dose for off-site populations
should not exce=d 3,9 roentgens resulting from Operztion Plumbbob.

ahis total decss mav result from a single exposure or series of

-23 -
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APPENDIX TO RADIOLOGICAL SAFETY CRITERIA

FbR THE PUBLIC

The operational guide for concentrations of fallout material
in drinking water shall be 5 x 1073 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-4,



III. RADIATION EXPOSURE RECORDS

A, External Gamma Doses

-
2y .

The map following page 2%, 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.

“e..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 started. The rOuni numbers are 58,000 man-roentgens for 100,000 people.
If the area considsrad zround the Nevada Test Site is enlarged to include
1,000,000 people the av=rage exposure is about 0.1 roentgens for the six
years, or at a rats ¢f a-cut 1/2 roentgen per thirty years. This is 1/20

of ths recommendaziion ¢f the National Committee on Radiation Protection
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Q
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Location

Acoma
Alamo

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
Currext

Cazp Zzsari Rock

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
Logsndale 0.4
Lurld 008
Camp Mercury 0.1
McGill 0.4
Moapa 0.8
Nellis AF Base 0.05
North Las Vegas o 0.2
Myala .
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
Yorozeh 0, o 0.U
Tomirg 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 - < i PR

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

(Continuzd)
UTAH
Location : roentgens Location roentrens
Alton 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 Py 2 Rﬁcki'ille 3 . 0
Gunlock 2.6 Saint George 3.0
Hamilton Fort 0.6 Santa Clara 3.5
Hurricane Le2 Shivwits 2.8
Kanab 1.6 Springdale 2.6
Kanarraville 1.2 Toquerviile 2.0
Leads 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—Jansle (Fa11 1951)

The highest mezsured concentration of fallout debris in air was at
Ely, Isvada amounting ts 0,202 microcuries per cubic meter averaged over
2/ hovrs, 211 cthsr measurements were in order of magnitude lower (Data

taken from Wi-425 Rziislogical Safety).

24-hour average concentratiocn

da et A T AT ( 3 vt 3 +a
Detowzsiom Loostivy Microcuries per cubic mater
N ~  amDA [ L -

ey TLoLeiz Cafeon, Uhah - RREIC

.y - “ N~ -3 :. o P

May 2S5, 1952 TPrige, ffnsn Q005

o, LSRR SR =vaiz LT

Tavw = = ey T e~ kN i ,

sl L, o< LiHT, zvada U.C].L

~wemic Zrergy Tommidzzlents 13k T dliewmenl Dapact Yo QDanso:
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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

Lincoln Mine, Nevada 4.0 x 10 -1
Mesquite, Nevada 1.7 x 10 1
Groom Mine, Nevada 3.4, x10 2
Pioche, Nevada 2.0 x 10 —2
Nellils AF Base, Nevada 1.7 x 10 =2
Ely, Yevada ' 1.6 x 10 2
Lag Vegas, Nevada : 1,0 x 10 ~2

Atomic Erergy Commission's 14th Semi-Annual Repcrt to Congress,
Janvary-June 1953

Teapot (Spring 1955)

®_—-The highést conéentration of radiocactivity in the air following
eny ore detonation was a* Ely, Nevada. This amounted to aboul 6/100 of
a micrceurie per Subic meter averaged over the 28 hours that the material
was rressnt in eignificent quantities. The highest conéentrations in air,
averaza2Z ler ths eniirs series, occurred at Ely, Nevada and Alamo, Nevada
vhers tze totsal adiiiisnal radiation doses to the lungs from inhaling
fallen :atgrial were oztimated to be about equivalent to that expected

froz foestning alr conitaining norzsl smounts of naturally radiocactive

ot mr - D s oegd s . » P :
2teriils, for o nericzi of severzl days,”
ks A ?"‘S‘_”:‘ Demmigznisals 304k Tased _fesaiinl Doeand 4s .";;:_-;r_.--_-y.:,-,;}
1= =
<
L)
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JII. C. Activity Concentrations 1n water

The highest measured concentration of fallout debris in water was
l.hox 10~} microcuries per milliliter extrapolated to D + 3‘ days after detona-
tion. As noted in the Commission's 18th Semi-Annual Report to Congress, thic
n___ is about 1/36 of 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 108 microcuries
May 2,'1952 Caliente - Drinking Water - 95 0.28 x10-8 microcuries
May 2, 1952 Creek Horth of Caliente 97 1.1 x107Y microcuries

Atomic Eza2rzy Commissicnts 13th Semi-Annual Report to Congress
July-Dece=rer 1952, o. 117.

» T -t
Upshot-¥nc=hele Srring 1723)
Concentration microcuries ner
milliliter extrapolated o
Localivy 3 days after detonation
8.7 x 1072
L5 x 107
a2
2.6 x 1677
l.e x 107y
1.1 = 197°
Eomie Deerczr Cermissionts 1tk 3omisAnnnal Revort to Congress,
danuary-<uns 1953, p. 51, .
~ Concentrabticn (Microcuries par
Teapot (Srring 1959) milliliter ‘extrapolated to 3 days
: Locality after dstonation)
Upper Pahranagat Lake, Nevada 1.4 x 107%
Waterhold near State (llevada) Highway 25 ‘ 9.2 x 105
Meadow Valley (Nevada) Wash 3.3 x 107

Atoric Erergy Commissionts 18ih Semi-Annual Report to Congress,
Jenuary-June 1955, n. R0,

- 30 -
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TV. MEASURES TO PROTECT THE PUBLIC

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

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

ing of each skhot %: weigh carefully all factors related to tkhe safety

A ¢rmplste westher 1zitv 1s in operation at the Nevada Test

Site, drzwizg upon alil o7 the exteunsive data available from the U. S.

Weatime Torsau ani e Ady Veatler Service, plus six additional weather
scaticrs rirgizg 1o worn site. Trhese data are evaluated for the cur-

renboann pradictea ToanSs up b0 oue hor befzre shot time. A shot can

- - - - - - . - . < - 2 -,
-~ O T > N L Ry P2 LGV LU LT DULIONT LLl SoLeltl
-~ - - . - L " - . - —n s N - - NZaey T
- - - i1 ; Ler Lk - DL oIS Las cenn AA2dl
PR Y - - P T ~ o
L LS VI Ta relnE Tavar LGS,

Severzl mezsures have becn used to reduse tle radicactive
farlous o The nest site. Firsh, of ciucse, anly small nuclear de-

vices are tested at Revada. Sirce the greater the height of the fire-

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

-3l -
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test towers have been exterded io 500 feet, and during Operation
Plumbbob (Spring 1957) there will be at least cns T00-foot tower. Also,
a new technique of using captive balloons is being developed. Exten-
sive tesis are being conducted to determine the feasibiiity of detonatirg
puclear devices so far underground that all of the radicactive material
will remain 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 ziles in radius a2zl be in force for a period from about H

minus oz2-ralf hour 1o H zlus 10 hours. All aircraft are required to

check tr-oigh the Civil Asrcneubtics Administration before flying in

Afher sach miclzar Turst, aircraft from the Test Crganization

2
B
v
)
1
.

antii it s no longer readily detectable. Bekind this

Come TuoEcs alireralt T 11t the falloult pattern on the ground. This

-~ »
t
Ther nIegifm oo iiowdoo 0 : N I AR AR
{Sooirz LiT7) illustretas Yl eweng.ve usysien organized not only to
G2 rumirosls radiclogical nesgurerenle Lot 2len o provids close lisdionn
With the citigens of nearvy a:mmunitiés; The Atomiérﬁnergy C?mmission

and the U. S. Public Health Service jointly organized a program wherein
tre areas around tke test site are mapped out into 17 zczes. A techni-

caliy qualified man has been assigned to live in eack 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 know 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 unique system of telemetering, whereby instruments
are placed in sbout 30 communities around the test site and connected
to commercial telephone wires. The operator sits at the control point
and, by placing a norral telephone call, receives back signals that are
transla<z3d in.a watter of seconds into garma radiation dose rates. A
third rrajsct consists o sutomatic instruments located in another 15
communitiss that permancztly record the gamma dose rates continuously
from tre btzginring o tzz end of the test series. A fourth program con-
sists ¢ zzrial surTE;z with special gamma detection instruments.

Externlirg outwzard Ivaxz the Test Site across the country are

ot hon S Tors T DS man v R 3 PR P Lo .
34 Us 2. Daloiu Bzaltn Ssrvice asonitoriiyg sralioens =shuavlisned in ooupera-
Ticon wEiZ vz aTozic Zrerzgy Conmission, and 12 AEC installations (Zee D.

3 ~1 - a2 i _ - * -+ -
end Po Xii. I 8ddition, through The cooperation of the U. S, Weather

Bureau 93 csiations in the United States make gunwsd pager collesiicons
of Tallout {See p.35). These gummed paper collections are aliso made
world-wide at T3 otkher 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. Cordon
Voo Dunnirg tefore Corgress, Muy 23, 19)7.
- 33 -
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U. S. PUBLIC HEALTH SERVICE MONITORING STATIONS

Albany, New York
Anchorage, Alaska
Atlanta, Georgia
Austin, Texas
Baltimore, Maryland
Berkeley, Califorwmia
Boise, Idsho
Cheyenne, Wyoming
Cincinmati, Ohio
Denver, Colorado

El Paso, Texas
Gastonia, North Carolina

Harrisburg, Pennsylvania

Hartford, Connecticut
Honolulu, T. H.
Indianapolis, Indiana
Jowa City, Iowa
Jacksonville, Florida
Jefferson City Missouri
Juneau, Alaska

Berkele:r, Celifornia

Cinci--sti, Ohio

Tdahe Falils, Iczho
Lemor=, Tilinois

Los Alzzos, New Mexics
New Yorz, Naw York
Richii=rZ, Wasnirgieon
Oak =iiz2, Tennessze

- - T - g -
Rochs:z 2T, NTW York

e e e mea. .
Salt Zsxs City, Utah

©ST _CZ Angsiss, Califsonie
Coon T2 e ™ v 2 nan
AT . - v el D -
£E Z I = i
%
A~ L FY . 'S

*

Klamath Falls, Oregon
Lansing, Michigan
Lawrence, Massachusetts
Little Rock, Arkapsas
Ios Angeles, California
Minneapolis, Mimnesots
New Orleans, Louisiana
Oklahoma City, Oklahoma
.Phoenix, Arizona
Pierre, South Dakota
Portland, Oregon
Richmand, Virginia
Salt lake City, Utah
Santa Fe, New Mexico
Seattle, Washington
Springfield, Illinois
Trenton, New Jersey
Washington, D. C.

AEC MONITORING STATIONS

Radiation lLaboratory, University of California

General Electric Company - Aircraft Nuclear

Propulsion Department

Idaho Operations Office

Argonne National ILaboratory

Los Alamos Scientific Laberatory

New York Operations Office

Hanford Operations Office

Oak Ridge National Laboratory

The Atomic Energy Project, University
¢f Rochester

Radiobiology Laboratory, University of Utal

Abomic
.

gy Project, UC-ion Angelaz
T~ A7
ST P

EIRT
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U. S. WEATHER BUREAU FALLOUT SAMPLING STATIONS

Abilene, Tex.
Albany, N, Y.
Albuquerque, N. Mex.
Alpona, Mich. °
Ameriilo, Tex.
Atlanta, Ga.
Bakersfield, Calif.
Baltimore, Md.
Billings, Mont.

Binghemton, N. Y.
Bishop, Calif.

Boise, Idsho
Boston, Mass.
Buffalo, N. Y.

. Caribou, Me.

Casper, Wyo.
Charleston, S. C.
Cheyenne, Wyo.
Chicago, Ill.
Cleveland, Ohio .
Colorado Springs, Colo.
Corncord, N. H.
Corzus Christi, Tex.
Corcordia, Kan.

Los Argeles, Celi”.
Louisville, Ky.
Lyrcrourz, Va.
Margustze, Mich,
M2dfcra, Oreg.

Mextris, Tenn.

wew zZzvzn, Corn.

New Trlieans, Ila,
Yew TUcrk (la Cuardis), N. Y.

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

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

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

- Goodland, Kans.

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

Las Vegas, Nev.
Rapid City, S. Dek.
Reno, Nev.
Rochester, N. Y.
Roswell, N. Mex.
Sacramento, Calif.
Salt Iake City, Utah

- Sen Diego, Calif.

San Francisco, Czlif.
Scottsbluff, Xebr.

Lenttle, Vashington

Svcrene, Vosn.
Co. Louis, ix.
Syracuse, N. Y.
Tonopah, Mev.
Tucson, Ariz

Wasnington, I.C.{Silver Hiii, Md
" Wichitle, Xzns. '

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

K3
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FOREIGN MONITORING STATIONS

Addis Abtaba, Ethiopia

Anchorage, Alaska

Bangkok, Thailand

Beirut, Lebtamon

Belem, Brazil

Bermide

Buenos Aires, Argentina

Canal Zone

Canton Island

Churchill, Manitcba, Canada

Clarke AF¥FB, Philippines

Colorbo, Ceylon

Dakar, French West Africa

Deep River, Ottawa, Ontarioc, Canada
Dhehran, Szudi Arabia

Durban Natal, South Africa
Edmonton, Alberta, Canada
Fairbanks, Alasska

French Frigate Shoals

Goose Bay, Labrador

Guam
Monrovie, Iiberie
Montreel, 222
Moosooree, Cztario, Cernad=z
Nagasaki, Jezan

Nairobi ¥ezye, Zast Africe
Nome, Aleszc=

North Bay, Oztario, Carsdia
Noumea, iz Zzaliedonis
Oslo, Norw=:r

Ponaze

Prestwicz; Z-ztland
Pretoria, Zoitn Afri

- 36 -
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Hilo, Hawaiil

‘Hiroshima, Japan

Honolulun, Hawail
Ivo Jima

Johnson Island
Juneau, Alaska
Keflavik, Iceland
Koror

Kwajalein

Ia Paz, Bolivia
Lagens, Azores
Lagos, Nigeria

Leopoldville, Belgian 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, Quetec, Canada
Sidi Slimane, French Morocco

Singapore

Stephenville, Newfoundland
Sydney, Australia

Tei Pei, Formosa

Thule, Greenland

Tokyo Air Base, Japan
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V. APPENDICES

A, A VETHOD OF ESTIMATING DOSES FROM FALLOUT ACTIVITY IN THE AIR

Doses to the Lungs

~ Assumptions:

T

a.
The rate of inhalation is 20 cubic meters per 24 hours.

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

A)1 of the air-borne activity is associated with particles in the

respirable range.b.

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

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 kere,)

Tha dose rate decreasas according to the reiations'hi;') of (time) -1.2,
:_nta.:s tlur'" "““-n,, hours than at other times. WVhen such times

ere kncwn, the assumption usually made is that 10 cubic meters

ing 8 hours of work and 10 cubic meters inhaled
Ior the remzindsr of the day.
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ascade impactor data has shown 80 - 90+% of
bsen associited with particles 5 microns or
c-z;nver. it is quite possible that the mfm volum.,
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o crildran's langs is .smalier but likewise is the rate
zctivity) intake.
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Method of Estimating Infinity Doses to the Lungs

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

A For each one p,c/M3 ac*b:w::.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
2y hours)

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

(0.21) (Qc) (1.3 x 108) (d/hr—uc) (O.h) (Mev) (1.6 x 10'6) (ergs/Mev) =
100 (ergs/gm-rad) (1000) {grams)

~

1.7 x 2071 rads/hour

Step 2.
Calculate the Minfinity" dose to the lungs.

4.2,=5 Aot where: Ly = dose rate at time of deposition "¢"
after detonation (hours)
t = time after detonation that deposition

occurs.

D00

infinity dose (rads)

I

B, D, = (5) {2.7h = 1078y (v)

i
_~

- - A-I ’
8.5 x 1275} (1) rads
= (0.35) (%} rmrads {rer 1.0 we/m3 o). L L o
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{ue/M3) (hours of inhalstion) rmrads (10 ¥3/8 hours)
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(pe/M2) (nours of inkalation) mrads (10 M3/i6 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 Concentrgtions Sampling Period | Duration of Infinit
{Hours after Sampling Tung Dose
detonation) ’(ﬁaﬁ—

1.0 1.5 5 15

2.3 8.5 3 75:

0.62 12.0 L 19

0.143 16.0 b 18:
0.014 21,0 12 2.6

~ 230

a. Based on 10 M3/8 hours
Too = (1.28) (4.5) (L.0) (5) = 115 mren

b. Based on 10 M3/16 hours

Evaluaticz of Lung Teses

The zho.z2 estimats

V1)

zr2 based on infinity doses. The actual dose will be
less thz this but

ct
|..
'[1 s
1
A0

act value is difficult to estimate. It is probable
that scme .CZ of the mazarial (and activity) will be cleared from the lungs with

a half-iirme of about one lay. The remainder may have a half-time of removal of
M

ck

-
ao0uL L

s, Fallcut that occurs cne hour after a detonation will exrend

abont =25 <7 the

retentiszi int v dose cvving the firsit day, while Jaliiout
: v TN PO SR - Kan 4 [ ] 3 .
that ccorr 20 nours afisr detiration requires about 15 days to deliver one-

half of the infinity dose. The uncertainties in these and other estimaizs and

[2SSRE STV Tk L

asswiptions Zo not Jusitify atiempiling an exacht calcoulation of actual radiatiuz

al ol bkt e
)

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

than the mflm.ty dose and mcre than one-half of the maximum wvalue.

# Langham, Wright H. "Determination of Internally Deposited Radioactive
Isctopes Trom Excretion Anclvses." American Industrial Hyciens Association
Quarterly, 17:3, 302-318, Septeumver 1 Zo.
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Using the infinity lung dose as a basis of discussion, its biological

significance may be appraised by comparison with lung doses produced by

natural occurring radiocactive 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'inity 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 radiocactive substances in the air.
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V. A. 2. Doses to the Thyroid

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

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

Dirision of Biolony and Medicine
. 8. Momic Eneryy Conunission
Washingtn, D, C.

e | NUGLEDNIS

Feb. 1956, Vol. 14, No. 2, Pgs. 38-4}
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Time trom Detonation to Intaka(nr) - Duration of intake (hr) : !
FIG. 2. Approximate infinity dose to thyroid from FIG. 3. Approximate relative infinity dose to thyroid from short-lived
single intake of the 113! and its tellurium precursors isotopes and 1'3! for case of prolonged intake. See Table 3 for sample
from 10,000 fissions. This figure is used with Table calculotion of these curves

3 in the preparation of Fig. 3

When ingestion or inhalation of radioactive fallout material occurs,

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

[§}]

Here, for the casz cf radioiodine, is a procedure for determining

4

the thyroid dose given present activity or initicl intake

¢. The izt.:o glong with theaI', To estimate the ariginal rate of in- and biological rlecays of I'*t only.
of Te: ™ part of whirl: sl tuke of DM from a known activity in This method iguores in.uke factor b
disintrorotz within the bado w0 thie thyroid at a later date, one can  and thus overestimaies the original
I extrapolate aceording to the physical  intake; it also ignores factor ¢ and
thus vwlerestimiates the original in-

tpikel The paedn ot wlioh thaee
(AKLE § e o . affect the anewor Japenda mon B
PEeE T FUES TR TR T ARy I YpaKs of origiual intale «Tiar detonation and
L ! the duration of intnke,  However. esti-
e Gmnnn mates of the effects of ignoring these
B - T - two factors iwlicate that the over-ul
Mass runtber \.‘)‘5‘; (;,z) (1‘\ (\."“ ‘ (;,;) ercor wowd not be any greater than

other inliercnt uacertainiies.
The exact steps are given in Jhe

131 30 br

1 ‘ following sections. Thesymbolsare de

25 min — 8.0 day — stable fined at the head of page 40. Two
132 ~3min-— TThr — 2.4hr -- stable examples are given on pages 40 and 41.
133 <10min— G0 min— 21  hr — 5.3 day — stable ' 1. Initial rate of intake of 1'%, R,.
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 <Imin-+ 6.7 h‘-‘\ thyroid changes with time thusly

\9.2 hr— 2.1 X 10% yr — stable (_;_:. = Roe*t — (A, + A4

Vol. 14, No. ¢ - February, 1955 39

L ¥ 8 2 1 & L . ¢



I N

By GORDON M. DUNNING
Division of Biology and Medicine
U. S. Atomic Energy Commission
Washington, D. C.

Two Ways to Estimate

1 Short(total) |

=TT Ty

5

Single Intcke

v

2]

Ratio of Doses lsmr'/!'a'I
) SR '_'T]11, L

| IR

0.01

[ S NN oL

£171l ul

[
-

1.0~

" ‘Time trom Detonation to Intake(hr)

FiG. 1.

iodine isotopes and 1'3! for case of single intake.

calculation of these curves

Thyroid Dose from

CALCULATING PaliaTin
fallout presents uzi-
how -

<a
[=
Q
n
g

of thesa is

oy i

DO L oL 2losls vLly T

florve vor, it is often esent
sueh estiniates, ever trm"vzh
based on umited data.

There 1s disagiscrcent as to the
principal mode of entry into the body
of the radioactive I contained in fall-
out, i.e., 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

Boeessttally all of ¢
b} m)m..;tmn corupleted within 24
hours for nearby communities.

When the detonations occur at

38

£ K

mmtcdh

wleulatod intake

" »
&:j

tha DPucific provinz ground the ac-
i in the air may persist for some-
v longer times in the U, S0 Thus,
tively early. short cxposures
ameitiy ot

mt;«i\‘: B LIS WETAEXT I
1 R . o s
Tiul SDONOTOOOTD L L Tt U Il

Howewer, 17 one sonstdess

mal ingestion for &« continuing period,

T0nh. oot

it would appear this i by fur the
N TR TN T T e ,x,.:..llx-
u(m..u_lu (LIl B b o enpernlly
true for grazicg avhinais, 1w fact,
field cxperiments weac ithe Neiw

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 cowmplicatedd by the presence, at
eﬂrly times after detonation, of short-
lived T isntapes in addition to 119 and
b telluriuwin precursorz fur several.

The general upproach given below
for these problems is to calculate the

4
“
1
%
1

dose

10 100 1000

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

See Table 2 for sample

ne in Fallout

from I'*! and its precursors and

then add to this the contribution from

the
press

T
Their

short-tived isotopes of T and their

e o orelrtive chusud-

protertes e miven in Table |

Calculatin~ Dosa

™.
140

Q.

b.

-~

et

ool tiar, At fe8
e AL

niaee
irult feecnuw of
Uacortuinties of the peccentage
of intige into body that reaches
the thivoid,

The tellurium precursors that re-
sult in the absolute activity of
the 1'3t in the environment re-
maining roughly constant for
about o day followed by a period

of inereasine decay rate until the
Proeve G Lol piny oo
cant role and the decay rate

then becomes that of 131,
February, 1956 - NUCLEONICS
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Symbols Used

o= A() = activity in  thyroid E = average energy of beta par-
(ue/gm) ticles (Mev)
Re = initial rate of intake of thy- K = 55 Rl (a constant)

D, = infinity dose (reps) to thy-
roid from single 1 intake

roidal T4 (uegm,day)
- = radiological (physicul) decay

cotstunt D, = total infinity dose (rep) to
As = biolosical decay constant thyroid from continual in-
t = time take from ¢t = 0 to ¢t = oo,

TABLE ?——Scmple Calculations for Figure 1

A B C D E F G H
Number of Atomsofiodine Average Max. rel.

Half- Actiritys atoms present reaching beta energies Ratio

Radio-  lije (dpm: 20,000  per 14,000 thyroid per energy to thyroid m"_"?
Lsolope (hr) Haaiona) fizmons 10,000 fissions (Mev) (B X F)? I3t Energy
I 192 0.014 230 57.5% 0.20 1.5
Ter 30 0.019 49.4 9.9 0.20 1.9
Tewtm (.42 1.5 54.3 13.6/ 0.20 2.7

Jus2 2.4 0.026 5.4 0.3 0.52 0.16 0.01
Te¥* 77 0.056 374 11.2» 0.52 5.8 0.36
I3 21 0.14 255 48.5¢ 0.45 21.8 1.35
Tetss 1 2.6 226 43.0: 0.45 10.4 1.20
I 6.7 U.38 512 61.06~ 0.30 18.5 1.1
I{all short-lived; ~1.07

* Based on Hunter and Ballou tables (1). )

? The biologivz! fute of the isotopes of iodine is the same. Thus, the same propor-
tions of the total number of atoms of each ars taken into the thyroid and then elimi-
nated according 1o the biological characteriztics of the animal. " The loss of an atom
of a short-lived is:tope means a greater L T energy to the thyroid than does the
loss of an It3i. il wever, it is to be expecied that the biological haif-life of animal
thyroids will be 1 -2-h greater than the 1 rical hali-life of even the longest short-
lived rudiolodiss =otope {188 with 21-br b w; so that essentially all of these ener-
gies will be det-ared to the thyreid. Frr -2ses where the biological decay constant,
A, s signifivantly ferge compared with 1 rodiological decay constant, A, of 1151,
0.0036 hr~ty, t tte- values for ene - including Te'stand Te'™™ precursors)
given in colun ~hou!! be muitiy e factor A (A, + N0 and likewise the
vaiues for the tel tive encrgies tu oo “or the short-lived isctopes should be
multiphied by b o0 tor (A = A

< Al of the wvite wtams reachdne the i
may b necessar: ]
P25 of the -

! : _ wd will disintegrate there,  Corrections
cording to fantoote A,

- etots taken dnto i reach the thyroul.
into t ¢ the thyrowl, ie about 80¢; would
“swhile B tae zut of which all disintegiutes to 119 of which

M 1
e vl

Al of the T+
wil vl the g0

DR ¥ opts L]
N M

T, T '
2. Neenrding to ave

’lhivl‘ e

IO . . -
UNE PPV HTE ST ORTTIN cruats Moy ooe aboul |
M [

A \.. R T RTE T Ll
i Phe preraition o aetivii e rech-

R e N vitlites 10 Table 1 oare
« of jodiie 14 tha blaody,  Thezs alsy
a biological budi-lite of iodine i the
Bt aties given i 10
] ot : IR LRI S B BN 1Y)
s from individual short-lived ladins izotores indiwectod in
; : ¢ ratio of the total short-lived isotopes to 1! muy be unde:-
estimaiod for shoer Dy o few per cont in the carly times after Jetonation. At later
tirnes the 7% oo dmtinn predominates, but also the ratio of infinity deses froa the
totad short-lived sazopes 1o T3¢ has decreased signifieantly.  Thus, the method sue-
gested here may grive o fuir approximation of the total infinity doses for sheep. -
A3 of the Te'™? intake reachies the thyroid as '3, ie., 509 would disintegrute
to 112 while in the gat of which ¢ will be deposited io the thyroid per footnote g.
S P19 of the 1Y taken into the hody will be deposited in the thyroid; 259 would
-be deposited normaliy, but about 259 of these atoms will decay before deposition®.
7 All of the Te™ talen in will disintegrate into T'33 while within the body of which
199, will rench the thyroid according to fontnote 7.
12750 of the T35

oooe 0t

TSN BT

give .:\}i;yh.‘-;l!u'.'
b oof <hoon e

26,
ver s period
Dier e b oy s D gt S0
tow.  The raun

Ll s zrens th

irtake \x:li}l be depasited in the Givroid: 256 wonld be dena ited
vl e Before o posiiion aveording to footrote ¢

o0

40

‘L'hus has the solution

A= E_" (e-x,z — e—-(l.-ﬂw) (i)
Thus, analyzing the thyroid for its
I13! activity, A, at any time, ¢, one cun
figure back to the initial rate of intake,
R
2, Infinity 10 dose. The rose bo
infinity from I'3 intake on the first day
is

D, =K [ o
= K/(A+ + A)

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

Di = K/\ 4+ A [o " e dl
Dl = K/()\r + N:)Ar (2)

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

In the case of grazing animals, how-
ever, the period of intake may start at
different times after detonation and
extend for varving periods of time.
An estimation of additional doses to
the thyroid from short-lived isotopes
of iodine under these conditions is sum-
marized in Fig. 3. A zample of the
caleulations used to con~trurt Fig. 3 is
given in Table 3.

Example: Sheep Ingestion

Ahout 3!, hours after the nuclear
detonation at the Nevads Te:t Rite
on May 19, 1033, rallout ocrurred in
an aen el Codure ity Utid,

M 1 N =
AN Ll Y e e e A Sl

13 seme of thess <hoen wrie saeriioed
' conrentre o
were negsured Inospeetmens of their
thvicwis,
cotyres

R T VY R TR TI I

The hichest enswead 5
wtions on Jule S wepe o

D 0T e
hase beep the todal radiotion dose to
the chyroils of these sheep from all of
the isotopes of radiolodine?

First caleulate the 149t dose, then the
dose from short-lived isotopes. De-
termine the Initial rate of intake of
I'® activity per gram, R, from Fq. 1

A = (Re/A)e ™™t — e=hthy]

N £~ AL - L
N P L B R A TR

In this cose A, = 0.37 gc/zm when
saceticed June 1o,

(Working back

February, 1956 - NUCLEON!CS



from July 8 meas-
. urement.) .
t = 27 days (May 19- EXAMPLE: Human' Inhalation

June 13)

A = 0.0366 dav—t ~ On May 19, 1933 the highest concentration of activity in the air due to

A= 0.0204 da:‘.-—lﬂ fafllout that has ever been record'ed in the U. 8., outside the Nevada Test

Thus Site, occurred at St. George, Utezh. "It amounted to about L3 pe/m?
sveraged over 24 hours. The total radiztion dose to the thyrokds of the

037 = 6!%0_4 [ei6-0805.27 _ p=i0.107)27] 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,
Ry = 0.189 pe/gram/day.

Now we determine the infinity 1'%
dose using Eq. 2.

Estimate of Radiation Doses to Thyroid of Humans From Inhalation
Dla = K/;Ar(kr + >\b) ‘

Fission-

where: K = 35 R.E = 55(0.189)(0.2) Time Average product Fraction » ) Added doss
= 208 nfter fiasion- °f"f"“y of fission I actinity Infinity It jrorfl short-
Th RS detona- product onamal{l}l hprod-}rlt R reharlln:‘ﬂ dhou lc; lived T ﬁToIa:l
3 9 s 1 i ity J131 tinn as{ivity retaine that §s J1nt thyroi, thyroi tsotopes®  infinity dose
dO“l:; Dix = 224 reps is the infinity I (;lr) (nc/meter?) (uc)" % (millipc) (rep}d (rep) (rep)
.
To estimate the dose from short- ' -
lived isotopes of I enter Fig. 3 with 27 30 12.4 0.16 5.00 0.0301  0.121 0.155
-10 2.3 4.3 0.35 3.77 0.0236  0.074 0.09;
these parameters: 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
start of intake = 3.5 hr 18-30  0.014 ~ 0.105 1.1 0.20  0.0018  0.003 0.005
duration of intake = infinity. ' Tota 0.302 rep
The graph indirates a ratio of approxi-  © Based on 0.83-meter3/hr air intake and assuming that 75 of the activity will be
matels 0.45. initially retained either in the lungs or find its way into the gastrointestinal traet,

* Based on assumption that 759 of initial intake of both Te precursors of 113t will
remain within body until decayed to 1331,

< Assuming 2377 of initial retention of I'3! (either in lungs or gastrointestinal tract)
. reaches the thyroid.
2R, e T Initial dose rate = (551(0.2) (ue of I'3! per gram of tissue) in reps per day. Infinite
IOSMCAnY uest dose = Inivial dose ratesin, + M)
dncav eopstaat, I ¢« Trom Fig. 1. Multiply these ratics by (N, 4 X)) /N, for I3 in man,

But this is:
decuy. ie., !
tion tlat the
for the

orracted fer biolrgzical
Based on the assa
ical deray con

o

i3 nera wvrert this ratie o
mnlti: nE faetor’t

Moo= M=

I

SO (PR BT TABLE 3—Sample Calculations for Figure 3
Lol T i ¢ 5 T G
Wiy of L'l ereryies
¥y =L I Bt L {167t [it for infinite
- : - B T R Yere o f Crraiitiee pHeoveoid dose intale f-am
N A e - (it et on ratnyg af 139 L5t boaver da ened f period
' " [ S e - E R LT S r e R AP PPN AU 3 LA T R '
1Y e LT ren RN ST 1renke FEAECTR S P A 1o-tethee T e F o )%
. ) . Vi TS Lo G.u 375 375 RN
- . R o cie21 153 SIS 2.8 S i 2.93
i e - R Y Y [N S L5 1S 1 250 1Ty 252
HER AL LR B ERTR S ST-H 1t Gl 1.5 jo (IR 2
i s 31 SN L Tht s R HE] 2.0
celbilur stiuetie and ;’"ll i ":“\' (:“'_'* K 1,1" ""..’T)f lc“
N vers 26 pemdien defpibe .|"'{l 1.0 I,Uh) oeid Ji .70 L.o8
- A TERT L0 Bt GEInine TS L3 Lt 0.55 oY 1,78 1.56
cerddamnee on b ovrati vl B, s1-01 120 1,204 IINTH 55 1.8050 1,45
Hi-101 1ia 1,370 .10 16 1,885 .57
BIBLIOGRAPHY 1u1-201 n2u 2299 0.20 184 2,060 TR
1. H. F. Hunter. N. E. Dullon, Nrerrosies 9, 201--3U1 650 2.0 0.0% 32 2,121 0718
No. 5, C-2 (1950 301-401 170 3,410 0.042 19 2,140 0. u2h
2 3. B Steabury e b “Eadenic Goiter” Do 600 4018 0.02 12 2152 0 3355
Harvard Uni- nozeaph in Medicine . ! - o - - = 1as iely
and Publie He No. 12 (Hlervurd Univeesity  HO1-801 2844 4,200 04.0003 3 2,155 0.500
Pres<, 1934 S01-1,001 140 1,439 0.005 1 2,150 0. 4314
8. L. Van Middlesworth, Nputsonics 12, No, 9 [ !
(1552 . + Based an Fig, 2,
oo : ) I L Voo bz
. o Tris s weoneeebed fur bnodoend deeny as deserdbed in footaote 5 Table T T
* Biological hali-life in sheep thyroids i~ crces where biological deeay in the thyroid is significant for 131 wultiply fast eolurne
ahout 34 days (5;. ¢ by the factor (N 2 N)/ .
1" Noa foatnotis b T.’thlt' D
Vol. 14, No. 2 - February, 1956 41
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V. B. A Method of Estimating Doses From Activity in a Water Supply

The value of 5 x 10-3 microcuries per milliliter at D + 3 days
after a 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

~is stored and used as the sole supply for a lifetime at the rate of

2200 milliliters per day but using the adult skeleton as a basis for

calculation). Based on this assumption the following calculations

' are made as to resultant total doses:

Lower large intestine ~9.0 rads
(lesser doses to the other parts

of the G. I. tract according to

Graph follcwing page 43.

Thyroid ~8.0 rads

Bones ~36.0 rads
The eciual doses froz =ze use of & normal water supply containing
this ar>unt of initial activity, will be undoubtedly considerably

lovar,



V. B. 1. DOSES TO THE GASTROINTESTINAL TRACT

Assume :

About 22 pe 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

%% = 0.5 rads to lower large intestine from the 11 pc intake
At a constant rate of volume intake and an activity intake
decreasing asccarding to the relationship of (timé)';fz, the
total dose from the third day on is (essuming 7O years is

equivalent to the infinity dose)

D3-oo =5 A3t3 where A3 = daily dose on the third day
t3 = 3rd day after detonation
D300 = (5) (2.5) (3) = 7.5 rads

According to ra=lerence below the expected activity at times
earlier than T - 3 days (using the relationship (time)~1-2)
i~ roughly re=*2zed by the increased required activity to
produce tne sszz2 dose to the lower large intestine, i.e., if
1l pc intexz < D + 3 will result in 0.5 rads to the lower

large intestizz, then drinking the same amount of water per

day ITor the 2104 preceaing this will glso produce about 0.5
T - a7 1.
o \ - - - - o o~ - _ .
Thzrefore, {3} (C.3) = 1.5 rads Tor Tirst thras days of inteke
or

Te5 + 15 = 9.0 rads *total for intake from %the beginning of

the first day for a lifetime.

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

(The perti{nent graph from this report is 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 uc 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 one
13.2 day's intake.

B. Summating from the lst hour for an infinity dose yields
about eight rads total dose to the thyroid.
" C. Surmating according to the graph (reproduced here) of
referenze velow, from the 1lst hour for 70 years yields

about =2ignt rads total dose to the thyroid.

LI

"Crizeria for Ssiatlisting Short Term Permissible Ingestion of Fallout
Materizl', Dunning, Zordon 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
‘volume or mass but with the activity intake decreasing according 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:
T . T
D, = Ro Jfe T dT’-Ro f e "7‘I‘7Jd7“
0 0
Where: Dy =dose from any days intake

Ro =initial daily dose rate
M =radiological decay
T =number of days intake

7 =time in days (variable)
Iy =§% (e AT e =NeT)

C. Ths dose to %%z organ considering biological decay is:

=
- e
rr =0 )\
— i — Y
.. o - m_ -
Dp =] Yptiz! 2% 1l-e }*i"- - 2nTe™ T
- _‘ Y - ..
Re — ‘
: - Ej { 2%, 0 —)~* =~ r—l—)\.r
DT = »-:-)\}'_FT-JD'I l-e IT - Arl.e 4
e
“ »] ~ [ - N N -
T g, smoute Initial cnily dose raiz (Ho).
- - —3."_:,-. = TV s e Eimamd mm e Aviah e e oA T -
Zode e IR A, LA ZT0or LA95lun DIOGUCY i6Ta.B o U J

+
/ I g =t c ¥

= - - - - n Ld o
{(11){(5.8 % 1077} = &6.37 x L. pe of S»%0 intale ca D + 3

(6.37 x 1075)(C.25) = 1.59 ¥ 10-L yc of 2r90 deposited in the bones

(1.59 = 10"h) (pe) (2.2 « 10'9}‘ {d/day-uc)(1.0) (Mev) (1.5 x 10-6) ergs/mav

100{ergs/gm - rad) (7 x 10-3,{grans) _ =

1.16 x 106 rads/day

#Under the conditions assumed here , that the water is stored and used as the sole
source of susply for 70 years, the strontium-90 content accounts for almost all

R T SN Lo 0 . .
oL L;}".k) Ti.ol Cogez,.
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