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INTRODUCTION

The purpose of this brochure is to review briefly the (a)

radiological safety criteria, (bo) 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 will be re-

vised as a result of additional data from OPERATION PLUMBBOB.

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

' PLUMBBOB.

It is not the intent to cover here Project Sunshine or ex-

posures from low. level long-lived gamma emitting isotopes. Rather,

this trochure is concerned almost entirely with the more immediate

aScecus of nuclear weapons testing at the Neveda Test Site.

This is a prelicinary report. Suggestions are most welcome.

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

NEVADA TEST SITE

Below are pertinent abstracts and condensations from past deliberations

on the radiological safety criteria relating to nuclear weapons tests.

I. Ranger (January-February 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) .” WI-204_Qperation Ranger Vol. 5 Program. Reports -

Operational.

[faere was 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 international

permissible dose level of 300 mr/wk (1.8 mr/hr).

"2. At eny point oP man habitation, the activity of radioactive
particles in the atmosphere, averaged over a period of 24 hours,

1b imited to one microcurie per cubic meter of air (cor-

4-hour sverage radicactivity per cubic meter of air, due to
nded rerticies having diameters in the range 0.5 micron to

microns, $2311 not exceed 10°" microcurieég; nor is it desir-
that any ixaividual particle in this size range have an

ivity greater than 107 microcuries calculated to h hours after

= Ciast.
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Ltnst the nartioiuate watter com-
dlowable activivty of one microcurie

meter of air will have a norwal distri-
bution of particle sizes ranging from a few tenths
of a micron to rossibly several mdared microns.
(See Appendices TI and TIL.”
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Meeting Jangle Feasibility Committee, Washington, D. C., May 21

and 22, 1951.



B. "l. The external dose to non-participating inhabitants, of radiation .

from gamma rays, shall not exceed the accepted international permissible dose

level of 300 nxfils, which may be Gntegrated) over & maximum of 10 weeks.

"2, Ata point of human habitation, the activity of radioactive

particles in the atmosphere, averaged over a period of 24 hours, shall be

limited to 100 microcuries per cubic meter of air (corresponding approxi-

mately to a ground level gamma intensity of 30 mr/hr).

"3, The 2h-hour average radioactivity per cubic meter of air, due to

suspended particles having diameters in the range 0 micron to 5.0 microns,

shall not exceed if100 of the above; nor is it desirable that any individual

particle in this size range have an activity greater than 10-2 microcuries

calculated 4 hours after the blast.”

Meeting Jangle Feasibility Committee, Washington, D. C., July 13,

and 22, i951).

C. “this Division acthorizes a permissible exposure of 3.9 r of gamma

radiation Tor Buster-Jans"e test personnel, without regard to the rate at

which the cose is accurvieted, providing this exposure represents the total

integrsted gamma dcs= over any period of 13 consecutive weeks which includes

the test tsriod. Specifically, this permissible dose of 3.9 r is not an extra

Srorandum from Dr. Shilds Warren to Carroll Tyler, Meneger SECO,

Setober LL, 1951.
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II, 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 weeks
would not exceed safe levels. The dose of 3 roentgens may be received
as @ 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.-———"

 

nA 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 cubic
meter of air, averaged over a 24-hour period.—--"

_ "---It is estimated that water containing total fission product 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.

"---the Commission has adopted a policy of limiting exposures whenever
possible tc 2 total of not more than 3.9 roentgens over a period of 13
“2eks, appriximately the length of the 1953 test period."

Gmic Eserzy Commission's 14th Semi-Annual Report to Congress, Janv-

BUS exposure standurd chewld be 3.90/13 weeks,vith the Test a

wir ctor autcorize’ to approve exceptions if required.

“Site exposure standerd shoul: be 3.9r/yr, the figure being one

of actual gamma exposure es measured by a reliable 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 now apparent. 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 revised

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

VIII. Operation Plunbbob (Spring 1957)

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

e~ overatioral 2viia
Overatvtiota: Fu22 6 r

h 3.9 roentgens whole body gamma radiation for off-

site exposures resclting from Operation Plumbbob.
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II, CURRENT RADIOLOGICAL SAFETY CRITERTA

A.

EE &

Radiological Safety Criteria for Occupational Exposures at the Nevada Test Sit

"In light of the recent National Committee on Radiation Protection

recommendations concerning maximum permissible radiation exposures

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 these limits for exceptional cases lies only with the

Test Manager and 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 normal 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 criteria to give even clearer guides for protecting the public,

With improved methods cf rredicting fallout and with the use of bal-

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

ted that fetlout in populated areas from future tests at the Nevada

Test Site will be less than the highest amounts which have occurred in

the past,

Two cazic assumntions are made in this report:

of the Division or sislogy’

and Mecicine to estaciish such criteria for the Atomic cnergy

Commission as deemed necessary to vrotect the health and wel-

Pare of the general populace fven consequences of Weapons tests

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

*
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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 personel

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 community, areas and accommodations available for the evacuees,

weather conditions, means of transportation and routes of evacuation, dis-

position of ambulance cases, protection of the property left behind, and |

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

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

of a community might mot only prove rather ineffectual but could result in

more ractietion expcsurs than if the population remained in place until

the sitzection be edequately evaluated, A blanket evaluation cannot be made

in adverts; each siiueticn can be unicue. The following criteris there-

des in assessing the possible radiological hazards; |

tree = -- = seas a Re - =~" ~~ 1: Lan. . n
five LATinza. S8Caislon Must cs made om the ccsis cf abhi retevent- 7 te -we tt
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bo apply principally to retetively lacs

populations since small groups may be evacuated without equivalent potential

tavards,

Owing to the necessity of making early measurements and decisions,
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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

“trom 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 weathering -- the measured gamma dese rates at three

feet above the ground be assumed to decay according to (4)7t-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 25% less

than the out-of-doors dose *#

In the case of a truly emergency situation where potential hazards

may exist either from the fallout or from mass evacuation of large popu-

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

biologice: tepair orecess that takes place with rediation doses distributed

 

% This cconespt was suzgested after snalyvaing data from both the Nevada Test

Site ana the oniwetok Previnge Ground 4nd wes intended to wives peneraiiged ~ 7
Wlimsies tec cover aowids variety of gitunacions. 21 Ls reensenired thrt

Wath ine smaller Falicut patterns around tne Nevada Test Site and wita
the sani; soiis, the effcoctive decey constants may be greater than these.
nowever, rather than attemot further estimates for NTS at this time,
Chess Values will os used untii the results of tne capsaded radiolsgiensl
monitoring program for Gseration PLUTSEOD can be analyze,

* This is 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-
lods 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
rédiological program of Oneration PLUMBBOR,
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in time (recognizing that such effects from radiation as genetic changes and

life shortening 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.,

ous x 1.0 = 67

CRITERIA I

Effective Biologiczl Doses may be calculated according to Graph.I

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

tively large populations.

TABLE I

eecICLOGiCaAL CRITERIA FOR EVALUATING FEASIBILITY OF EVACUATION

te aotctom
™

f
+ffective Biols ose Minimum Effective Biological Dose That

Must Be Saved By Act of Evacuation
(Otherwise Evacuation Will Not Be

tr

  

_ Indicated)

Vr tl 20 moentessrs (Me syacuction infcleated)

30 tw 50 roentgens 15 roentgens

50 roentgens and higher (Evacuation indivate. wilnont regard
to auantity of dose that might os s2ved.
providing adequate sieiters are not
available and the estimated hazards

concomitant with the evacuation are

acceptable, )
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SECTION It
‘PERSONNEL REMAINING INDOORS

Background
By remaining indoors (a) the gamma exposure will be reduced, and (b)

there is less possibility 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 predictions are of course subject to varying degrees of un-

certainty so that persemnel may be asked to remain indoors unnecessarily.

On the cther hand decisions and action must be. taken relatively quickly

if optinun benefits ere is be derived and remaining indoors until the

radiolez-cal information is more accurately evaluated probably represents

one of the easiest and effective ways of meeting an emergency situation.

ble uc umeertainties in our knewledee. end recogrisires the usunl | ae

* v weet feet
SUEZ0LLonWetel tistrinution of fzbllout, iv tas not been osssibie to ea

preciseiy che ancunt of faiiosut in an area that could produce beta burns.

ine Harsnailese experience suowec suca eifects for those people expesec to

175 r and 69 r whole body gamma radiation, but none for those individuals

on the Island of Utirik (370 miles from ground Zero) receiving Ly roentgens.

Whether these results would hold true for other situations is not know,
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i.e., different particle 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 infinity 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

personnel 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

ef changing clothing and of bathing.

If people were not asked to remain indoors during the period of

highes~ cose rates in an area where the infinity dose was 10 toentgens or

more , sheir actual exccsure might be in excess of 3.9 roentgens of whole-

body sama This would net necessarily be hazardous but would exceed the

established criteria for Plumbbeob (Criteria VI).

CRITSaIA IT
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ty a w
D "3 f
y % yeading as measured by a survey meter held

haTéS 125. a0tve the greund reacnes the vrices wavenii. grap. Of av che

ULUrT Liil-atecd, 20 is peccemernied (nat personne. te requested to remain

onigers vith windews and Zoors closed. Release from this restrictive

action srovld be made on the basis of further evaluation of the radielsgical

In the event that there be convincing evidence that the radiation

levels given in the graph will be reached, it is recommenced that personnel

be requested to remain indoors BEFORE fallout occurs or before the

EE &€ 646 fF fe ob EO kk Dk aa



E

radiation levels equal those in Graph II. Release from 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 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 that the same advice be given as in the preceding

paragraph,
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GRAPH I
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SECTION i
DECONTAMINATION OF PERSONNEL

Background

The pfincipal 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 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

beta radiations) with existing instruments. Recently 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. Umtil this is accomplished, the past criteria may be used.

CRITERIA III

wmere it is not tossible to monitor personnel outside of

diaticn Pieid, it is recommended that an esté#rate bewo 8 {
s (u ad )
4

ry aw

mace If une degree cl versormel contamination by determining the

location of the in¢ivicual at the time of fallout. In the event

thera .5 umcertairnty as to the veliaity of Such on ectitece, he

AS38027 LLn will L+ mais that tne ingividual was cut-of-doors.during

the tine of failcut. In those areas where the infinity gamma dose

€Gusis or exceeds 10 resnigens, it is recommenced that the individusl

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):

The recommended maximum values are one-half those given

in Graph IIT. 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

paris, and also a change of clothing may not be indicated,

unless the radiation levels exceed those stated below con-

cerning monitoring of exterior surfaces of clothing.

For personnel teins monitored outside the general radiaticn

field, ari the contaninetion exists over only spots of EXPOSED body

=(about tne size of = 2sif-doller or less):

+ mayirrum values are one-fifth those given
wasning may be limited only to the con-

ani also a change of clothing may not
radiation levels exceed tnose stated

ring of exterior surfaces of clothing.
eo
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ang Tis ctontaminevion exists over any size area on the extericr sur-

The recommended values uncer these conditions are twice
those given in Graph TTI. The first recommended action
snall be to resort to such simple acts as brushing off
the clothing. If this action doesnot reduce the radia-

tion levels to twice those given in Graph III or less, then
personrel should oe advised ta change clothing and to bathe.
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Wren the general contamination of a community is of the degree

to produce an estimated maximum theoretical infinity gamma dose of

20 roentgens or greater, personnel 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.

| F



aee

 

6+— -

 
 
  
 

 
 

 
 
 

 

 
 

fo ob

Eafe

3
TAR
+E

tr}
=f

at

TI
ff

4

14rtf
d

 
 
 

 
 

 
 

 
 

 
 
 

 
 
 

e
e
e
e

f
e
c
t

|
L
e

~
4
4
.

-
e
f
i
-
f
e
-
.
]
d
.
.

 
 

 
 

 
 

 
 

d
e
e
d
e
e
e
e
e

P
t
e

f
e
e
d
e
e

a
e
d

l
l
.

   
 

 
 

 
 

 
 
f
z
f
e
p
p

f
T

 

 
t
e
h
t
a
f
e
e

a
y
i

f
e
e
n
e

=
P
A
L
2
.

T
e
y
T
a
p
e
a
e

  
 

 
 

e
q

+
y
n

 
 

‘
a
e

e
e
e

d
e
e
o
e

f
4
e
m
e
e
o
e

w
f
,

.
S
e

e
e

ee
m
e
e
e

a
 

4

‘
t

+

‘

i

f

1

‘ t

tpeee (nH

me Nl, ttl

 

'

I
|
I
'

|
' wd

a ee
ee renee

u

 

 

 
  

:
t

w
e
e
e

ae
-
-

-
+

-
.

4.
2
e
p
e
e

:
:

.
‘

-
2
+
-
f
-
-
-

t
e
e

be
e
e
e

.
n
d
i
e
e

 
;

e
s

' a

o
n

Wilh

( SER

n
i
n
e

d.

3 = a 53 a 3 o C2 ° y 3 A 3 ke z &

GAMMA DOSE RATES VERSUS TIMES AFTER DETONATION

N DECONTAMINATION OF PERSONNEL IS RECOMMENDED
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SECTION W

DECONTAMINATION OF MOTOR VEHICLES

Baeckgr ound

 

 

The principal purposes for decontaminating motor vehiclesare 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 probability of contact and the amount of trans-

fer of radioactive material from the vehicle to the skin. The following

criteria for monitoring motor vehicles (Graph IV) were previously de-

veloped, and until the new beta measuring instruments (see SectionIII)

are calibrated, will continue to be recommended.

One method of avoiding or significantly reducing vehicle con-

tamicetion is to prevent their being in an area during the time of actual

Taliosz. It is vessitle that fallout across a highway may be higher than

that rermitted for toruiated areas. When such a condition is predicted,

it wold be advisable tc> hold vehicular traffic until after the fallout

kad essentially csasea, Past experience has shown that very significantly

sess yenitle contaninaticn occurs when it passes through an area after-

Ward: cimjpaved To being nmteseni duoing the Pallovet time. albbouch aocve-

a4
TE 22.2. secili be picked up on the tires and wader the fenders.

precise value itnat may be given, but it isfneeteciat ee * 5 4e +
VOVLIUSY, there 15 now ©

recommended that if the amount of fallout acrogs a main hiahway ts predicted

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



ra

that traffic be temporarily halted until the fallout has essentially

ceased.

CRITERIA IV

It is recommended that when the predicted fallout across a

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

chamber four inches from any readily accessible surface.

rs rs & a r
a



GAMMA DOSE RATES VERSUS TIMES AFTER

DETONATION WHEN DECONTAMINATION OF

MOTOR VEHICLES IS RECOMMEND=D

(SEE TEXT FOR METHODS OF MONITORING)

 

  



Ez

SEcTIon y

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 where 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 above this does constitute a serious

contamination of water, air, or foodstuffs. One good point of reference

is tzs Marshallese experience where the whole-body gamma exposure wes

175 roentgens yet tre internal deposition from ingestion and inhalation

was relatively smeii. In the event of a relatively heavy fallout, but

vbless <nan ons caliizcz Tor evacuation, a common sense rule would-be to

wasn ¢xrosed foods, such as leafy vegtables, since this is the most pre-

pablis mate cf intake of activity.

CREUEPTA 7
aeee

.
Monitoring of sir, food and water shculd be meade as soon as

possible in areas where the infinity dose equals or exceeds iv

roentgens. There need be no restrictive action imposed on 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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SECTION VI
ROUTINE RADIATION EXPOSURES

Background

’ The Atomic Energy Commission has adopted, as an operational guide,

3.9 roentgens whole body external gamma 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 exposures.

_This factor bears on somatic effects and may justifiably be cons&dered in

emergency situations when it is necessary to weigh the relative hazards

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

the actual (estimated) roentgen dose should be used. To distinguish from

the Ertective Bioisgical Dose and the Infinity Dose, this exposure will

be excressed as the =Zstimated Dose.

Gravn V incorzcorates the assumed effects of weathering and of

Shielding accoréing to the discussion in Section I. The graph may be

lincarl; extraroiate: to other dose-rate readings. For example, if

fallieut oceurs trree hours after detonation and the dose rate is 360 milli-

 

rcenve2is ter heur, then esout three roentyent (ervisa bed dose) my cs.
- . .

adcuculated, i. €., 360 x 1 = 3
220

48 discussed in Section I, the estimates of the effects of weathering

and of shieiding are conservative for areas round the Neveds Test Gite. f

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

my ne 4 re
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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 Operation 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-bely gamma Estimated Dose for off-site populations

should not exceed 3.9 roentgens resulting from Operation Plumbbob.

+his total dese may result from a single exposure or series of

- 23 -
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GRAPH V

APPROXIMATE GAMMA DOSE RATES VERSUS TIMES AFTER

DETONATION TO PRODUCE ONE ROENTGEN ESTIMATED

DOSE
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APPENDIX TO RADIOLOGICAL SAFETY CRITERIA

FOR 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-A.



ITI. RADIATION EXPOSURE RECORDS

A. External Ganma Doses

et

whey ,

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 accumulated up to 6 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 started. The round numbers are 58,000 man-roentgens for 100,000 people.

if the area consicersc sround the Nevada Test Site is enlarged to include

1,000,050 neople the average exposure is about 0.1 roenteens for the six

years, or at arate of about 1/2 roentgen per thirty years. This is 1/20

of tne recommendation cl the National Committee on Radiation Protection

eS 1 (b iy ‘fh bY ib i
f cb rs et F
y

Q 4 if axtimum exposures.---" *
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ESTIMATED EXTERNAL GAMMA EXPOSURES FOR COMMUNITIES AROUND THE NEVADA TEST SITE

|
A

NEVADA

Location roentgens Location xroentgsns

Acoma 3.0 Hoover Dam 0.05
Alamo 1.3 Indian Springs AF Base °
Apex 0.1 Johnnie 0.05
Ash Meadows 0.05 Kimberley 0.5
Ash Springs 0.6 Lake Mead Resort 0.05
Austin 0.05 Las Vegas 0.2
Baker . 0.8 Lathrop Wells 0.05
Barclay 2.0 Lincoln Mine 4.0

- Beatty 0.05 Lockes Ranch 1.3
Boulder City 0.08 Logandale 0.4

*. Buckhorn Ranch 0.9 Lund 0.8
- " Bunkerville 43 Camp Mercury 0.1

Cactus Spring 0.03 Mesquite 1.8
Caliente 0.7 McGill 0.4
Carp 3.6 Moapa 0.8
Charleston Lodge 0.15 Nellis AF Base 0.05
Clarks Station C.8 North Las Vegas — 062
Crestline 0.7 Myala . 1.7
Crystel 4.0 Overton 0.35
Crystal Springs 2.0 Pahrump 0.2
Currant 0.5 Panaca 0.65
Camp Desert Rock 0.05 Pioche 0.7
Dry leks 1.0 Preston 0.7
Duckwate> 0.8 Reed 4.0
Fast Ziv 0.6 Round Mountain 0.05
Eden Creek Ranch 0.7 Rox 3.0
Elgiz. 3.5 Ruth 0.5
Ely 0.6 Sharp's (Adaven) 1.2
Eure: G.2 Shoshone 0.7
Faliin: Ranoh 0.8 Springdale 0,02 ©
Glertals 0,7 Sunnyside 1.2
Peo“- we UG -- a -Onogen . ; o, Uo: Vea
IoN ee eo Pegi 6 ; O48
Be atevien 0.02 hara Springs 0.5Riks 1.0 Warn Sorings Ranch 1.0

Whitney 0

SRTZONA

3eaver Dan 2.0 Peach Springs Q
Kingman 0,03 Short Creek 1.6Littlefield 1.6 Wolf Hole 1.3Mt. Trumbull 0.16

~ 26 -
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Estimated External Gamma Exposure for Communities Around the Nevada Test Site

 

 

(Continued)

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 1.2 Rockville 3.0
Gunlock 2.6 Saint George 3.0
Hamilton Fort 0.6 Santa Clara 3.5
Hurricane 4.2 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
Milfcra 0.1 zane 0.3
Minersville 0.2

~ 27 =
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ITI. 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 radioactive sub-

stances in the air, contained in Appendix V. A. An inspection of the other

data in concentrations 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—-Jangle (Fall 1951)

 

Tne highest measured concentration of fallout debris in air was at

Ely, Nevada amounting ts 0.202 microcuries per cubic meter averaged over

24, hours, #11 othsr measurements were in order of magnitude lower (Data

taken from Wi-425 Padislogical Safety).

24-hour average concentraticn
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III, B. Activity Concentrations in Air (Continued )

Upshot-Knothole (Spring 1953)

Locality 24-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.x 10-2
Pioche, Nevada 2.0 x 10-2
Nellis AF Base, Nevada 1.7 x 10 ~2
Ely, Nevada 1.6 x 10 ~2
Las Vegas, Nevada ° 1.0 x 10 ~2

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

Teapot (Spring 1955)

"-.-The highest concentration of radioactivity in the air following

any one detonation was at Ely, Nevada. This amounted to about 6/100 of

a micrecurie per subie meter averaged over the 28 hours that the material

was cressnt in signifticent quantities. The highest concentrations in air,

273 s¢ries, occurred at Ely, Nevada and Alamo, Nevada

where the total aczitisnal radiation doses to the lungs from inhaling

fallout usterisl were ostimated to be about equivalent to that expected

from creataoing air tenteining norzal amounts of naturally radioactive

moteriils, for s rerici of several days,"

oll? lmerc Iernissioa’s T2th Ge-d-toaval Penert de Sreneress,

a
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II. C. Activity Concentrations in waver
 

The highest measured concentration of fallout debris in water was

. 1.4 x 1074 microcuries per milliliter extrapolated to D+ 3days after detona-

tion. As noted in the Commissionts 18th Semi-Annual Report to Congress, thir

to. 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
wero (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 Pahranazat Lake 56 1.0 x 1078 microcuries
May 2,°1952 Caliente  - Drinking Water - 95 0.28 x10-8 microcuries
May 2, 1552 Creek North of Caliente 97 1.1 xl07°% microcuries

Atomic Exarsy Commissicn's 23th Semi-Amnual Report to Congress

July-Decenter 1952, 2, LT.9 Fe a!

 

 

Upshot-Knethel (Spring 1923)
Concentration microcuries ner
milliliter extrapolated to

Localitx 3 days after detonation

Virgin Hiver irrigetion Canel, Nevada 5
Irrigati:: Ditch, 56 miles north of Pioche, Nevada 8.7 x 1072
Laver Parunirat Latte, Neveda 1.5 x 107?
Wiywin River at Maeorien, Mewes 22.2 = 1g¢°9

Bunkerscd lis, Navalsn rad Water) 2,6 167?
SIVSUZ. ICTuiri. Lavacs an uater) 1.2 nu LOY

1. «197°

etomic Eeeraiy Cermissionts ith soni-Annial Rerort to Congress,

 

’ Concentestion (Micrucuries poy |

Teanot (Scring 1955) milliliter ‘extrabolated to 3 days
Locality after detonation) ,

Upper Pahranagat Lake, Nevada 1.4 x 1074
Waterhold near State (Nevada) Highway 25 9.2 x 1072
Meadow Valley (Nevada) Wash 3.2 x 1079

Atomic Energy Commission's 18thSemi-Annual Report to Congress,
Jannary-dune 1955, n. 80,

- 30 -
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IV. MEASURES TO PROTECT THE PUBLIC
 

The Nevada Test Site covers an area of about 600 square miles,

withthe adjacent 4,000 square miles being a U. S. Air Force Gunnery

range. Surrounding these areas are wide expanses of sparsely populated

land. For general safety, as well as security, the Nevada Test Site is

closed to the public. Aerial and surface surveys are made to insure that

no persons cr animals wander into the area. Each nuclear detonation ic

publtfely amounced ahead of time.

As a part of the Test Organization there is an advisory panel

of experts in the fields of biology and medicine, blast, fallout pre-

diction and metsorology. A series of meetings is held before the fir-

ing of each shot to we2gn carefully all factors related to the safety

A complete weather unit is in cperation at the Nevada Test

Site, draving upon all of the extensive deta available from the U. 5S.

weatheec Tursau ani Ths At» Weather Service, plus six ad@itional weather

Ssvaticrs ringing wne “or: site. These data are evalvated for the cur-

fant all rratistea trinds up to one how beftre shot time. A shot can

- ~m - - 4 ~ - - - ae a’ soc. chs . we - =: - “~ Hoel es By ES LD LY Oe Ua Ovburt toe S-ueot Le

meee —, - La ce ~ + a . 2 - c. See war,
wee - meee = 3 TE ee - Co td QOllod a5 CCl Maus

a ratte sq whe
~ GO VITA i! SAUL Cs PLUS

Several measures have been used to reduce tle radicective

Tatlous of? the test site. First, of clucse, omly small nuclear de-

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

ball above the surface the less is the fallout in nearby areas, the

-31-
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test towers have been extended to 500 feet, and during Operation

Plumbbob (Spring 1957) there will be at least cne 700-foot tower. Also,

a new technique of using captive balloons is being developed. Exten-

sive tasis are being conducted to determine the feasibility of detonatizg

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 area of predicted path of the atomic cioud. A representative of the

Civil Aercnautics Administration is assigned to the test organization and

assists in establishing the controlled area. This may typically extend

=
about 150 tiles in radius ani be in force for a period from about H

minus ome-"alf hour to H rlus 10 hours. All aircraft are required to

check throigh the Civil Aercnautics Administration before flying in

APTer ach watlear Durst, aircraft from the Test Crganmization

fa
a 4 t 1 4 3.umti: it ls no longer readily detectable. Behind this

come Tiss aiveralrl 7. iit the fallout pattern on the grouna. This

~~ >

é *

TZ Tiegite senlterto is - Pe igsin 2ET -

(Sering Lif 7) ilbustreres tle excensive system organized mot only to

Take funir ris raiicicgizal uensureme ¢ ~ fis. wo provide cltse ifeices

with the citizens of nearvy communities. The Atomic Energy Commission

and the U. 5. Public Health Service jointly organized a program wherein

the areas around the test site are mapped out into 17 zczes. A techni-

caliy qualified man has been assigned to live in eact: zone. His duties

- 32-



p
o
o

consist not only of normal monitoring activities but also, prior to

and during the test series, of learning the communities and families

in his zone, 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 locality 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 about 30 communities around the test site and connected

to commercial telephone wires. ‘The operator sits at the control point

and, by placing a normal telephone call, receives back signals that are

transisatei in a matter of seconds into gamma radiation dose rates. A

third project consists cl automatic instruments located in another 15

communttiss that cermanentiy record the gamma dose rates continuously

from the teginning to ine end cf the test series. A fourth program con-

sists cr serial survére with special gamma detection instruments.

Externiing outwars Fram the Test Site across the country are

rats D~ . - Dan ttn Fie apes a ae ag teeta Doty .BU 0. S. Pusliu Beaitn Service wutites lug sicticas <sbuclisnea in coupera-

tion ils ole Atoric Eners, Commission, and 12 AEC installations (See Dp.

a a Tv AAt+4 + =; ~” + 77 *ana po Br}. Im addition, through the cooperation of the U. S. weather

Bureau 92 stations in the Urited States make wummse pager collections

of Fallout (See p.35). These gummed paper collections are aiso made

world-wide at 73 other locations by arrangement with the Department of

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

 

From, Radfations From Fallout and their Effects. Testimony of Dr. Gordon
hie Tunning telZore Congress, May 65, 107.
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U. 8. PUBLIC HEALTH SERVICE MONITORING STATIONS
 

Albany, New York
Anchorage, Alaska
Atlanta, Georgia
Austin, Texas

Baltimore, Maryland
Berkeley, California
Boise, Idaho
Cheyenne, Wyoming
Cincinnati, Ohio
Denver, Colorado
El Paso, Texas
Gastonia, North Carolina
Harrisburg, Pennsylvania

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

Berkels:;, California
Cinciz~ati, Ohio

Idaho Faiis, Iésho
Lemont, Filinosis
Los Alz=os, New Mexics
New Yorz., New York

» wasnizrgton

: Tanness2e
Weare YY. ~

» new York

city, Utah

pOgeizs, CaLitornis
Rew seh ta

Bi fF a ia . ia thins. ha

.

Klamath Falls, Oregon
Lansing, Michigan
Lawrence, Massachusetts

Little Rock, Arkansas
Los Angeles, California

Minneapolis, Minnesota
New Orleans, Louisiana
Oklahoma City, Oklahoma
.Phoenix, Arizona
Pierre, South Dakota
Portland, Oregon
Richmond, Virginia
Salt Lake City, Utah
Santa Fe, New Mexico
Seattle, Washington
Springfield, Dllinois
Trenton, New Jersey
Washington, D.C.

AEC MONITORING STATIONS
 

Radiation Laboratory, University of California

General Electric Company - Aircraft Nuclear
Propulsion Department

Idaho Operations Office
Argonne National Laboratory
Los Alamos Scientific Laboratory
New York Operations Office
Hanford Operations Office
Oak Ridge National Laboratory
the Atomic Energy Project, University
of Rochester

Radiobiology Laboratory, University of Utat.
Atomit Bacrgy Project, UC-ices Angeles

JW. BM,
anes tN
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U. S. WEATHER BUREAU FALLOUT SAMPLING STATIONS

Abilene, Tex.

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

_ Caribou, Me.
Casper, Wyo.
Charleston, S. C.
Cheyenne, Wyo.
Chicago, Til.
Cleveland, Ohio .
Colorado Springs, Colo.
Concord, N. H.
Corzus Christi, Tex.
Concordia, Kan.
Los Angeles, Celiz.
Louisville, Ky.
Lynchcurg, Va.
Farcusice, Mich,
Medtcra, Oreg.
Mexisis, Tenn.
Mieri, Fila.
Miltiorc, Utah
Milwe uee, Wise.
Minmsivolis, Minn,
Mobite. Ala.

Lirivery, Abe.
new Facen, Corn.

New Trieans, La.
Nex Vers (La Guardis), N. ¥.
Priladeiphie, Pa.
Phoenix, Ariz.

Pittsburgh, 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, Nev.
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.
Helena, Mont..
Huron,:'S. Dak.
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
- San Diego, Calif.
San Francisco, Calif
Scottsbluff, Nebr.
Seattle, Yvastington
Sesrene. vosn. -
Ci. Loais, ie.
Syracuse, N.Y,
Tonopah, Nev.
Tucson, Ariz

Wasnington, ©.C.(Sil
“ Wichite, Kens.

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

ver Hilj, !
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FOREIGN MONITORING STATIONS
 

Addis Ababa, Ethiopia
Anchorage, Alaska
Bangkok, Thailand

Beirut, Lebanon
Belem, Brazil
Bermuda
Buenos Aires, Argentina
Canal Zone
Canton Isiand
Churchill, Manitoba, Canada
Clarke AFB, Philippines
Colombo, Ceylon
Dakar, French West Africa
Deep River, Ottawa, Ontario, Canada
Dhahran, Saudi Arabia
Durban Natal, South Africa
Edmonton, Alberta, Canada
Fairbanks, Alaska
French Frigate Shoals
Goose Bay, Labrador
Guam
Monrovia, liberia
Montreal, suet
Moosooree,. Cxrvario, Carace

Nagasaki, caznan
Nairobi Merve, Fast Africe
Nome, Ales=2
North Pay, ontario, Canada

Noumea, ew Tel :
Oslo, Norwa-

Ponare
Frestwics;

Fretorie,

ry
p
u

fo
s

Oo rs i-
*

ww
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Hilo, Hawaii

Hiroshima, Japan
Honolulu, Hawaii
Iwo Jima
Johnson Island
Juneau, Alaska
Keflavik, Iceland
Koror
Kwajalein
la Paz, Bolivia
Lagens, Azores
Lagos, Nigeria

Leopoldville, Belgian Congo
Lihue
Lima, 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
Tai Pei, Formosa
Thule, Greenland
Tokyo Air Base, Japan
ruk

Weke Island
Wellinston, Vey Zeland |

Wheelue AFB. Dripcli

roweluaBAO) LAL.

Yap



‘VY. 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 2) hours.

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

3. Al) of the air-borne activity is associated with particles in the

respirable range.

4. The.mass of the lungs, is 1000 grams and is uniformlyirradiated.

‘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 uncertainties in other estimations described below, it will not

be considered here.)

6. The dose rate decreases according to the relationship of (tine) “2. 2.

a. it is recognizec that generally there will be higher volumes of
inteks thiring werSng hours than at other times. When such times
ere kncwn, aad a5S umiption usually made is that 10 cubic meters
ere inhaled during"8 hours of work and 10 cubic meters inhaled

> the rensinie> of the dey.

ade impactor data has shown 80 - 90+% of

@
t

une activitr nas been associ.ted with particles 5 microns or
=25S in size. However, it is quite possible that the high volume

a=> samplers in uszé collect larger siege particles,

mn “FA sas isan | wa a s a" 2 s 4, ~! Sy 2% ’

ngs is smalier but lixewise 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 uc/M? - hour

(A. For each one wo/¥3 activity present in the air per hour,

(0.83) (0.25) =

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

(0.22) (uc) (1.3 x 108) (6/nrsic) (0.4) (Mev) (1.6 x 106) (ergs/Mev) =
100 (ergs/gm-rad) (1000) (grams)

Step 2.

Calculate the "infinity" dose to

0.21 pc of activity are initially retained.
on an assumed intake of 20 cubic meters of air per
2); hours)

1.7 x 1074 rads/hour

a7 +
Be Dog 25 Ay t

Ittd ew
)

oO oO

u

(5) Crh Pol

ackyt

(8.5 x10

(0.35)

(0.6L) (t)

fas
.o)

where: At

t

Doo

1074) (+)
i (+) rads

mrads {rer

acaare:

(uc/M3) (hours

the lungs.

occurs.

nsoyoo *-
fen?y (OUTS Be

(ue/M) (hours of

- 38 -

1,0 uc/m3hour).

of inhalation)

inhalation}

infinity dose (rads)

 

mrads (10 13/8 hour

wf et
i i i

(Based

~-

dose rate at time of deposition "+t"
after detonation (hours)

= time after detonation that deposition

vy

s)

mrads (10 M3/16 hours)

~-

re



Example

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 Duration of Infinit

(Hours after Sampling Lung Dose
detonation) “Gnen)

4.0 4.5 5 us

2.3 8.5 3 5
0.62 12.0 h 19

0.3 16.0 4 18 .

0.01L 2h.0 12 2.6

~ 230

a. Based on 10 M3/8 hours

Doo = (1.28) (h.5) (4.0) (5) = 115 mrem
b. Based on 10 M3/16 hours

Evaluation of Lung Dcse at

The sb9.e@ estimate i are based on infinity doses. The actual dose will be

less then this but the e:cact value is difficult to estimate. It is probable

that sem= 02 of the mazerial (and activity) will be cleared from the lungs with

1

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

SOT 3 aeen Tha Awad LES - n . s -Tahont it¢ cars. Fallout that oceums one hour after a detonation will exmend

oat Ls ue enon? . a4 ln Syl “Bhs f4ye kh clase i ee eeabout 225 cf the potentisl intinite dsse @eooing the first day. wile faileut

that cccurr Lo hours after detiration requires about 15 days to deliver one-

rc) 7 2 : 7 - - bat t4-—. + . ans , Ine ny ane!half of the infinity cose. The uncerte inties in these and other eStimates ancshows 7

assuiotions so not justify attemuting an exact calculation of actual radiation
<

4

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

than the infinity dose and mcre than one-half of the maximum value.

* Langham, Wright H. "Determination of Internally Deposited Radioactive
Isoteves From Excretion Anclvses." American Industrial Hyciene Association
Quarterly, 17:3, 302-315, Septeuber Iyso.
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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 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 percentages of activity retained in the

lungs, but very roughly may be 10 mrem per day. Thus, using the example

given above for Saint George, Utah, the infinity 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.

- lo -
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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 "Tyo

Ways to Estimate Thyroid Dose from Radioiodine in Fallout."

~ hi.

r
i
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AiG. 2. Approximate infinity dose to thyroid from FiG. 3. Approximate relative infinity dose to thyroid from short-lived {
single intake of the 1!*! and its tellurium precursors isotopes and 1!5! for case of prolonged intcke. See Table 3 for sample
from 10,000 fissions. This figure is used with Toble calculation of these curves
3 in the preparation of Fig. 3

Wheningestion or inhalation of radioactive fallout material occurs,

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

Mere, for the case cf radioiodine, is a procedure for determining

the thyroid dose s'ven present activity or initial intakew
w

 

 

 

  

 

ce. The incase. glong with thelr, To estimate the sriginal rate of in- and biological cleeays of T'* only.

of Te: = cart of which sau tuke of B® from a known activity in This method ignores ti.ake factor b
disintecote within the hoist: the thyroid at a later date, one can and thus overestimaies the original

[++ extrapolate according to the physical intake; it also ignores faetor c and
thus uuderestimdtes the orginal in-

take The carne’ fo whi theses 7

AKLE | woeeeecoe thee tape afect theo amecver Jareneds treon time

ou WOSS SSIES SEGADVIRS Of original intake ction detomaiteon ane
Co. the duration of intake. Elowever. eati-

pet Beet eee mates of the effects of ignoring these
. _. es _ two factors iwlicste that the overs]

Mass number oe . ad a ea ve error would nut pe any greater than
ao! (Te) {r) (Xoo. (fF's3 - / Ts

other tnhercnt waeeetainties.

Oo — The exact steps are given in che
1S] 39 br . .

following sections. Thesymbolsare de

95min 8.0 day — stable fined at the head of page 40. Two

132 ~Smin-- 77hr — 2.4hr -+ stable examples are given on pages 40 and 41.

133 <10min— COmin— 2l hr — 5.8 day — stable 1. Initial rate of intake of I'!, Re.
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 <Tmin-+ 6.7 hr thyroid changes with ttme thusly

‘ dA9.2 hr-—+ 2.1 X 108 yr — stable a7 Rye! — (A, + ADA

Vol. 14, No. 2 - February, 1956 39
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Division of Biology and Medicine
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Washington, D.C.

Two Waysto Estimate

Thyroid

 

w ao +o
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ih mr — Q beCALCULATING Pahiatic:

fallout presents uri... crableins, Ore

of thes2 is haw +

TOs areca intabe

of Twine foto in tadeut materia

betnher ut ,

Tho Sala tleeles Wal.

pial situation,

tlawe ver, it is offen essential tu make

such estiniates, ever though cimittedly
based on amited deta.

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 materia! are found in the

air for only a matter of a few hours
withoess tially all of caleulited intake

by inhulation completed within 24
hours for nearby communities.
When the detonations occur at
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FIG. 1. Approximate ratio of infinity dose to thyroid from short-lived radio-
iodine isotopes and |'*! for case of single intake.
calculation of these curves

ose from

w
h

@

S

thea Vueifie proving ground the ac-

tivitt in the air may persist for some-

hat longer times in the U.S. Thus,

relatively early. short exposuresrac

awe
we

the camownd of intake ¢ VOW hteGn
: oe ye

wal Be mero a Slot Tak tes ipges

tion. Towever. to one sameness feor

mal ingestion for. continuing periosl,
it would appear diis is by far the

Gotiinggl facki. Ui ts eapectally:

true for raging aviids. ai fact,
field experigiont: tho Neiada
test site showed there was little {in

the thyroid of rubbits, 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 complicated by the presence, at

early times after detonation, of short-
lived [isatepes in addition to I! and

eae

a telluriin precursors fur several.

The general upproach given below

for these problems is to caleulate the

dose

See Table 2 for sample

e in Fallout

from Fe"! and its precursors and

then add to this the contribution from

the short-lived isotopes of T and their

presursars. Oue too rebtiye 2 lua

ede vi rie hades the aly lates

ey ry ee yea ne PPh Det pet

DEE Pa ae pe

Their proterves nee wiven in Table i.

Calculates> Dose
The veut co tppctehetian ar ieoptaee

to tre phoresis Aifficnlt heeeuse of

a.

b.

wer

Caittainties of the percentage

ot tatane into body that reaches
the thyroid, .

The tellurium precursors that re-

sult in the absolute activity of

the 15! in the environment re-
maining roughly constant for

about a day followed by a period
of increasing decay rate until the

per, -G9S Le Gumgel pays steth
eant role and the decay rate

then becomes that of £151,
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Symbols Used

thyroid Eif lt«i A(é) = activity in average energy of beta par-

(uesem) ticles (Mev)

initial rate of intake of tliy- Ko = 35 Rofl (a constant)

roidal I!) (uc‘gm, ‘dav) D, = infinity dose (reps) to thy-

radiological (physical) decay roid fromsingle [ intake
constunt D, = total infinity dose (rep) to

biglucisal clecua cuitstart thyroid from continual in-

time take from {=O tot= %.

= a lI

>
”

s ll

Ne

~ HW

 

TABLE 2—Sample Calculations for Figure 1
 

A B C D E F G H
Number of <Alomsofiodine Average Max. rei.

Half- whefartty* aloms present reaching beta energies Ratio
Radio- life (dpm: 20,000 per 10,000 thyroid per energy to thyroid {ShortEnergy
tsolope (hr) Faatona) fiattons 10,000 fissions (Mev) (EB x Fy 10 Energy

 

[3 192
Te! 30
Teim 6.42

230 57.5
49. + 9. 9°
54.3 13.67

G
a
m
e
o
o
a
c
e
s

—
_

p
e

C
N
O
o
C
o
r
C
c
C
S 0.20 5

0.20 9
0.20 7

[1 2.4 26 3.4 0.3¢ 0.52 116 0.01
Te’ 37 ab 374 11.24 0.52 8 0.36
[3 21 4 230 48.5¢ 0.45 21.8 1.35
Te's3 l 226 43.0: 0.45 10.4 1.20
[ls 6.7 3 512 61.6* 0.30 18.5 li
{all short-lived; ~4.07
 

* Based on Hunter and Ballou tables (1).

’ The biolugivs! fate of the isotopes of iodine is the saine. Thus, the same prapor-
tions of the tota: number of atoms of each are taken into the thyroid and then elimi-
nated according t. the biological characteristies of the animal. The loss of an atum
of a short-hved i:ctope means a greater luss of energy to the thyroid than does the
loss of on [3 Eowever, it is to be exnected that the biological haif-life of animal
thyroids will be vocich greater than the rac.el tival half-life of even the longest short-
lived radioiodine .tope (145 with Q)-nr bev-iceso that essentially all of these ener-
gies will be deir-sred to the thyccid. Fer -2s-3 where the biological decay constant,
XM.Is stemiftantiy istge comipared with t+ ridiologieal decay constant, 4+ of 15),
(0.0036 hrvly, then the values tor energies cf i +. including Te! and Te!” precursors)
given in colin shoul! be multiplied §:- the factor Ay (A, f A? and likewise the
vaiues for the re. tive energies in colusus EF lor the short-lived isctopes should be
multiphed by th. POT UNp me Atos.
‘AH of the iolire gtams reaching che thvicid will disintegrate there. Corrections

may be mece-sur- ording to faotrate A,

F955. of the d- - atohis taken into che Lis

emcee of Te tv:

  

D reach the thvyrotd.
a tinte the fds reneses the thyroul, Le, about 806% would

have disantegrar te Tes while OG: tue aut af which all disintegrates to 1'™ of whichOR residues the toed ceo, Pireties Tae Toru

7AM 0 the Po tiins tamen ite rhe oes will disintegrate to LS! of whiel 25%
Wilh ro orehi thet
i 1 oF

vertuye Foe os Ce tie bea. oaros the Tivianad. “hyo Wigkogiega beh tie
eT ie tae Pho. (uuabe may oo aboub Tote (2). According to avetlabie lates
civ dete cn tise ty rte dd . Voomrag rh eta ts a a
fore ETS Sate oe Ihe tea Phe pero tien of seriwite perce
Mae fhe faseeg th oye @stimete as gk: OM + Ae. Tou values in Vable tore
hese doer Pie eho Vetir baglogien] dinkt-f os of dodine ta rhe bleedd. These alao
wave aapiaresittintes vos for sreep. cAssunare a bivlogiest bail-lite of ierline is the

,Meataat shoenm el a beurcs ever a peril ed 22 hours onis, the cathes
Cater sueepes oat Dt aheut Sac, PPS Tose fuscafF ase ioe
flow. ne tatle a: doses from individual short-lived ladine isotenes indieeteip
Mig. bsiuiests that the ratio of the total short-lived isotopes io 1@l may be under-
estimated for shoes livip few per cont in the early times after detonation, At later
tines the [22 eorituation predominates. hit also the ratio of infinity deses fran the
total short-lived tctopes to 1) fas decreased signifieantly. Thus. the method sue-
gested here may give 2 fair approximation of the tetal infinity doses for sheep. -

A3Se of the Te’? intake reaches the thyroid as T8%, Le, 50% would disintegrute
to 1while in the gat of which 6°; will be deposited in the thyroil per footnote q.

. F196 of the 1! taken inte the hody will be deposited in the thyroid: 256% would
-be deposited normally, but about 259% of these atoms will decaybefore deposition®.

i All of the Te! taken in will disintegrate into T'!33 while within the body of which
1975 will reach the thyroid according to footnote /,

aR peris . Beis Ped
race te lyepe el, oot.
ae Hf we Patptay

  

Ir : I3b loyeal a o : ; } ‘ ' "eo .Fre of the Ts iutake will be denosited in the tieroid: 256% would he ders ted
pean, : to terr ba leey yb hae : ; ,ty bevore ale postion aeeordiie to foot: ote v.
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‘Lhis has the solution

A= Re (eet ~~ e7Arthe)) (i)

Thus, analyzing the thy roetd for its
I'3! activity, A, at any time, é, one cun

figure back to the initial rate of intake,

Res.
2. Infinity P' dose. The close to

infinity from I}! intake on the first day

is

Dink [" coma
= K/(Ar + Ad)

The infinity dose from a continuing
intake that decreases accorciing to the

radiological decayis then given by

Dy K/de +s I,"eke dt

D, K/(A, + Aa)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

calculations used to construct Fig. 1 is
given in Table 2 at ieft.

In the case of grazing animals, how-

ever, the period of intake maystart at
different times after detonation and

extend for varying periods cf time.

An estimation of additional doses to
the thyroid from short-lived isotopes

of iodine under these conditions 1s sum-
marized in Fig. 3. A sample of the
calculations ised to conusticuct Fig. 3 is

given in Table 3.

th

Example: Sheep Ingestion

About 3!) hours after the nuclear

aetonation at the Nevada Test Site

on Miny 19, 1953, fallout oceurredt ia
an oaien around Codie Cite, Utaty

+ aos i!

Lo seme of Thos’ shacn were sarriieed

Wi Tab Ss Tee de Conrenbtre re

Were ineusured in spreenuens of their

thyisias, The highest aiensmed [>
ronrcntrations on Jule S were sont
. aor. Coe yo“ olea “eter. Whit Ltygua

hare been the tetal radtotion dase to
the chvrails of these sheep from all of

Ue isetopes of rediotodinn?

birst calculate the I! close, then the

dose from short-lived isotopes. De-

termine the Initial rate of intake of

I'3! activity per gram, [9 from Ey. 1

A = (Re/Ra)femhet = eTOPA]

In this ense A, = O.R7ue/em when

Sie ctived Jue bo.

(Working back

February, 1956 - NUCLEONICS



 

from July § meas-
- urement.)

.
t = 27 days (May 19- EXAMPLE: Human: Inhalation

June 15)
dh, = 6.0366 dav! On May 19, 1953 the highest concentration of activity in the air due to

y= 0.0204 day7t* fallout that has ever been recorded in the U. 5., outside the Nevada Test
Thus . Site, occurred at St. George, Utah. It amounted to about 1.3) pe/im?

averaved over 24 hours. The total radiation dose to the thvroids of the
0.37 = Ke fems8.0808.27 97 0.107)27)] people at St. George from inhalation of the isotopes of I is estimated to be

0.0204 0.302 rep as shown in-the following tabular calculation.
Ro = 0.189 uc/gram/davy.

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

Dix = Ad(Ay + No)

Estimate of Radiation Doses to Thyroid of Humans From Inhalation
 

 

 

Fission-
where: A = 55 RoE = 55(0.189)(0.2) Time Average product Fraction Added does

=~ after Jission- activity of fission I'l achwity Infinity I“! from short-
= 2.05 dstinna- product originally product reaching dose to lized I Total

2 = 99 =| ; itr J131 lion achivity retained that is Fiaste thyroid thyroid tsotopes* infinity dosean Dy. 224 reps is the infinity I Cy (mefanenees) tae . Gmttine) Coma treo) (cen)
at.

To estimate the dose from short-
. . . . 2-7 4.0 12.4 0.16 §.00 0.0304 O.121 0.155

lived isotopes of I enter Fig. 3 with 7g 9/3 4.3 0.35 3.77 0.0230 0.074 0.097
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 0.29 0.0018 0.003 0.005
duration of intake = infinity. Tote 0.302rep

The graph indicates a ratio of approxi- * Based on 0.83-meter?/hr air intake and acsuming that 75% of the activity will be
mately 0.45. initially retained either in the lungs or find its wayinto the gastrointestinai tract.

- - . . » Based on assumption that 73% of initial intake of both Te precursors of I'*! will
But this is uncorrected fer biological remain within body until decayed to [F),

decay, ie., it is based on the assamip- ¢ Assuming 23°; of initial retention of I'3! (either in lungs or gastrointestinal tract)
reaches the thyroid.

. . " noes an are T {nitial dose rate = (53}(0.2)(me of Iper gramof tissue) in reps per day. Infinite
for tie TANT. US MANTvanis west tiose = Initial da~e rate yids + M.).

é

.

r
tlon that the bivlugical decay constant

 

than the phrsies! decay eonstunt. It ‘From Fig. 1. Multiply these ratios by (A, + 4.) /A, for I'S in man.

iS nersssqrs te cortert thos cath. :
matltiotving ov tle factar?

’ —. \ =_ 77
oom . ard toe Te

Melo RD = gal
 

The Gntietc tee ta tie rovrei TABLE 3—Samplte Calculations for Figure 3
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V. B. A Method of Estimating Doses From Activity in a Water Supply

The value of 5 x i073 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 following page 43.

Thyroid “8,0 rads

Bones ~36.0 rads

The actual doses from che use of a normal water supply containing

this arsint of initial activity, will be undoubtedly considerably

lower.
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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 1073) (2200) = 11 pe intake on D + 3 days

35 = 0.5 rads to lower large intestine from the 11 yc intake

At a constant rate of volume intake and an activity intake

decreasing according to the relationship of (time)-1:7, the

total dose from the third day on is (assuming 70 years is

equivalent to the infinity dose)

Dz daily dose on the third day3-00 =9 A3t3 where A3

t3 = 3rd day after detonation

D390 = (5) (¢.5) (3) = 7.5 rads

According to reference below the expected activity at times

earlier than ™ - 3 days (using the relationship (time)~1°2)

in roughly retched by the increased required activity to

produce tne sete dose to the lower large intestine, i.e., if

il pc invaxe or D+ 3 will result in 0.5 rads to the lower

dargé invtestin:, then drinking the same amount of water per

2 cocvdod oreceutng This will also produce about 0.5

7e5 + 1.5 = 9.0 rads total for intake from the oeginning of

the 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 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.

Vv. B. 2. DOSES TO THE THYROID
 

A.

“Criteria for

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 one
13.2 day's intake.

Sumnating from the lst hour for an infinity dose ylelds

about eight rads total dose to the thyroid.

Summating according to the graph (reproduced here) of

reference below, from the lst hour for 70 years yields

about eient rads total dose to the thyroid.

Zstatlishing Short Term Permissible Ingestion of Fallout328

Materiel", Dunnins, Sordon 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 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 Tv
D, = Ro fe ~rT aT- Ro fe ~drah

0 0

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)

Dy = ae (e “i _ e@ -7)

B. The total cose (ignoring biological decay) to the organ is:

G. The dose to +*e organ considering biological decay is:=>2
- pon

wr f mn

 

on” -Dp =f Terre! Toeli-e -47 - x.Te7Ar
Pa Sb + * a>

Dp = Ulpltipttg}t leerT - a,fe7>rt
ee

Scey 2. smute initia. asity dcse vate (Ho),

3
TNT 2F =

: soe a
rt aan Sep 7 em 7
WOOGUCyD ate.2 On uy

D
e

4. L
u

. ! a 9 2
tb pe of Sr70 intale on D+ 3

(6.37 x 1074)0.25) = 1.69 x 10-u yc Of Sr90 devosited in the bones

(1.59 x 1074) (yo) (3.2 v 107) £4/day-1e) (1.0) (Mov) (1.8 x 107) ergs/nev
L0Overgs/gm - rad)(7 x 1073} (grans) =

U
Y

1.16 x 10-6 rads/day

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

7 ab “ $ ..4 : .
of the tutal dose.

-~ 45 -
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