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Office Memorandum - ‘UNITED STATES GOVERNMENT

TO : J. B. Reeves, Director
" Office of Test Operations, SFOO
— THROUGH: Division of Military Applications

FROM = Gordon M. Dunning, Health Physicist £

DATE: November 5, 1954

wa Biophysics Branch, Division of Biology neMedicine m
A

( SUBJECT: REVIEW OF POLICIES FOR HPG nilat

symbol: BMEP:GMD fe

Attached are the draft forms of the Foliciesof ihe Atouse Energy

ssion

~ Policy VI).

) Since the policies are still in draft form I trust you will not
; mind reviewing them in carbon cvpy forn.
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— (copy 4&8 of SECRET version)
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Radiological Safety of the Public During
WeaponsTesting at the Nevada Proving Grounds that we discussed

several weeks ago. You will note there are only a few minor changes
and that there have been added two new sections (Policy III and

—

The Division of
Biology and Medicine has reviewed the policies, and after incor-

——— porating recommendations from you and others, they will be rewritten
in final form for Commission action.
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The following policies were established after full ecasidsration for

the health and welfare of the public, both in terms of radiological exposure

as well as possible hasards, hardships er {nocnvenlences resulting from dis-

ruption of normal activities, They ere considered to be sound guides to the

Test Manager not only for protecting the health and welfare of the public tut

eleo in arriving at decisions that would be morally and legally defensible ty

the Atomic Energy Commission.

Two basie assumptions are made in this report:

1. It is the responsibility of ‘the Division ef Biology and Medicine

to establish such policies for the Atomio Energy Commission as

Geened necessary to protect the health and welfare of the

general populace from consequences of weapons tests conducted at

the Bevada Proving Grounds.

2. Although the Division of Biology and Medicine will gladly give

assistance and advice, the operational procedures adopted for

mosting these policies shall be the responsibility of the Senta
Fe Operations Office and the Test Manager, as directed by the

Division of Military Applications.

The following policies do not apply to domestic or wild enimels since

levels of radiation which would be significant vould have to be mich higher

than those specified herein,
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Introduction

The decision to evacuate a community is a critical one for t:ree

principal reasons, One, presumably there might be a health hazard if the

personnel were allowed to remain, wo, there is abrays an element of dager

and/or hardship to personnel Anvolved in such an emergency measure, ‘Three,

the evacuation of @ siza:le commmity would serio:sly jeopardize the future

use of the Nevada Proving Grounds and thus affeet the country's weapons -

éevelopment prorran,

It ia recognized trat extemating circumstances may accorpany any

aituation where conditions imiicate evacuation as a mode of action. The size

of the comsunity, areas and accommodations available for the evacuees, meats

of tranaportation an¢ routes of evacustion, disposition of ambulatory cases,

protection of the property left behind, and many other factors may enter into

the decision relative to evacuation, A blanket evaluation cannot be made in

advancey each situation can be unique, The following criteria thcrefore are

suggested as puides/anseasing tie possitle radiological hazards; the final

cecision must be made on the tasis of all relevant factors know at the tine.
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Criteria

Table Ja s.umerises the radiological criteria to be used in evaluating

the feasitility of evacuation,

TABLE Ia } '

BACIOLCCICAL CRITERIA FOF. EVALVATI‘G FFASIRILITY OF FVAGATION

Effective biological Dose*
Calculated To Be Delivered

In A One Year Period

Minime Effective Eiological Dose
Tat Must Be Saved By Act Of
Evacuation (Otherwise evacuation

  

Followine Fallout will rot be incicated.)

Up to 30 roentgens (Mo evacuation indicated)

30 to 50 roentgens : 15 roentcens "

SO reentgens and hirher (Evacuation indicated without
regard to quantity of dose tret
micht be saved)

eThe “effective tiolorical dose* in an estimate of a biological "danare”"
dose, taking into account the lent: of time for delivery of a civen
dose, and the reduction of dose due to (a) shielding afforded by
vuildings and (b) the process of weathering.
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The rationale for table Ia is as follows: ‘The total effective tiolorical

Gose that would be received if evacuation were not ordered is obviously &

determining factor, Another consideration is the fact that such an action

&@s evacuation could be danrerous to the individuals and could also possibly

be detrimental to a very neceszary national effort of weapons development.

One must then ask, “Just how mmch will be gained (radiation dose saved) by

wvacustion?® Estimates of these two varistles are indicated in table Ia,

Thus, @ populace may receive up to # calculated 30 roentgen effective biological |

dose in one year without indicating evacuation; from 30 to 50 roentgens,

evacuation would be considered only if at least 15 roentgens could be saved

by svch action; and at 50 roentgens or hicher evacuation would be indicated

without regard to the possible savings in radiation dose,

In making a rough estimate of radiation doses, one may calculate a

theoretical maximus inf!nity gamma dose and then arsitrartly divide by some

rumber suc’, as "2" for an esticate of dose actually received, Whereas this

may be satisfactory as e first approximation, s more realistic estimate should

be made, eepecially wen dealizg with doses that misnt constitute a health

hasard,

Due to the necessity of making early peasurerents and decisions, it is

to be expected that dose-rate readicgs, taken with survey meters, will be the

available evidence at the times of concers. Table Ib surmarises the paraactars

considered in estimating an effective biological dose based on dose-rate

readings,
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At later tines after fallout, better estimates of radistion doses received

may be obtained from film bedge readings or dosimeters. If these fila badces

or docizasters are worn on persomme) and the evidence of their use supports the

view that the reacings are a reasonably accurate ucccuit of the re‘iztian dose

received then the values recorded en the file betcc or doziacter may be accepted

with a correction factor ef 3/1 to account for the difference between the dose

received by the film badge or dosinster (incluting backscatter) and that received

4

at the tissue depth ef five centineters, Table Ic may be used in extinating

the effective biological dose,

( BES

Te

. . c, 2. “E
= + 2s ~ Ertective Effective

 Fila Badge Yoosfacter Tose
 

 

 

Film Badge Miological or Dosinster (Colum B eeReading Factor Correction x C) xb)

Frou tine of fallout | |until time of iwi 3/s s/t
evacuation : ,

From tine of return |
to 15 days after vi af veinitiel fallout

Froa 15 days until
one year after 2/3 wa 2/2
initial fallout

TOTAL:

- | *The value of 9/16 hae been rounded off to 1/2.
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- At later tines after fallout, better estimates of radiation doses received

may be obtained fron fila badge readings or dosimeters. If these film badges

er dosinsters are vor on personnel and the evidence ef their use supports the

view that the readings are a reasonably accurete scoount of the radiation dove

received then the values recorded on the film bedge or dosineter may be accepted

with a correction factor af 3/h te aocount for the difference between the dose

received hy the file bedes or dosimeter (including backscatter) and that received

at the tissue depth ef five centinsters, Table Ic may be used in estinating

the effective biclogicoal dese,

TABLE Yo

A . Dd. ~~ &,
— & & Effective Effective +

Biolocical Biological
Film Baige Bese Factor Dose

Film Badce Biclocical or Dosimter (Colcm F (Coluan A

  

Rearine ¥ector Correction x C) x D)

Frou time af fallout
until time ef 1A BAN 3/h
evacuation

Froa tim af return

to 15 days after af s/s fe
initial falloat

From 15 days until
one year after 2/3 Sf 1/2
initiel fallout

FOTALs

*The value of 9/16 hes been rounded eff to 1/2,
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Discussion of the Biological Factor: As longer periods of time are involved

in the delivery of a given radiation dose, lesser biological effects my be

expected, Fron the time of fallout ontil the time of evacuation probably

will be a matter of howrs wiich has been oonsidered essentially an instantan-

@ous dose, 1,0e., the biological dose factor ie 1/1. From the tine evacuation

eoulé te accomplished to time of return probably would be a matter of days,

@o the biological factor has been estimated at 3/4. Fron 15 days after fallout

until one year later is essentially a@ duration of one year, so the biological

factor has been estimated at a/z. It will be noted there 1s no caleviation

after one year, because it is expected under actual conditions of radiological

and weathering that protably no significant dose will be delivered after a

years tine.

It is recognized that t:e precise quantities sugrested for the biolor-

ical factor cannot be supported by conclusive evidence, It is reasonable to

expect tiat tie delivery of a given radiation dose over @ period of many days

will have less biolorical effectiveness than an instantaneous one (nerlecting

genetic effects) and that the extension ef the period to essentially ow year

miould yield a still lower biological factor, One piece of supportive evidence

is the work of Stranicvist* where I-ray doses to the skin rere fractionated

into equal daily amounts, and the biolerical effects compared to a one treat-

ment dose. a-ideaesplot ef total doses versus days after initial treatment

yielded straight lines, For example, the curve for skin necrosis indicated a

ratio of 3000/6700 reentgens for a one treatment versus 15 daily equally

“Sievert, Falf H, "The “olerance Tose and the Prevention of Injuries Caused

by Ionizing Radiations*. (Py tish Jovres/ 9+ Roda Lay

Vol. IX,Ho.236,Arg. 197 - A+ :
c-
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fractionated doses, Of course, daily radiatio. doses received fron fallout are

not equally fractionated so that tie ratio would te in the directio. of unity.

Dey by day doses delivered from fallout from tie 1St. day to one year are more

nearly eqiivalent than st early times (ignoring the weatiering factor). Strandgvist

data do not extend beyond LO days and ‘4t ie questdo «le to extrapolate his deta

in an attenpt to derive a sinilar ratio as alove based on one year, since ot:er

uncertainties are go great, 1,0., effects of weatrerizg as affecting tie rate of dose

delivery, etc, ‘The ratio would presum:-ly be fartner fron unity t.as for a 15-day

period.

a , ;
the skin is/relatively rapidly repaired organ and tius may tend to over-

exyiasise the effects of fractiomtion wren considering wioleody gama doses.

Cronkite reports® "In tie dog, with co!-alt gama rays, te dose tat will kin
SO perce:t of te dogs ina tiirt)-day pertod we, delivered in a ai cle dosc at
rovg ly 15 r per mi ute 4 approximately 275 re After t.is dose of radiatio.: tre
animals teoone 11] wit 1: @ period of 7 to 19 dass and deat. occur ~eftmeen tie
ei¢ Ut: adc trentys-fift da,. Kenorriaze, i..fections, avi profound anecnia are

prevalent. If t.e dose 4 decreaso¢ to 100 r per day give: over a fourtect.our
period, te letial dose is Licreaand to (0-300 r, Unter bot conditions, te
anigals die in approximately tie sane period of tine wit: ide.tical pacifestatio.s,

If t'e exposure is dronped to 25 r per day given over a fourtoeour period, the
let al dose is t-en increased to well over 1200 r, and t.e s-mptions and find.ngs
aye coanged,* One problem in sce: experiments is te evaluatio:. of possi ility

t-at the aniwals may be virtually deed w:ile the ex-osures are continued, ‘his

mirht te dllustrated in exserime.ts usi:r tie burre were the daily doses of Los

200 ard 100 roenize:s given to t:ree separate groups required 3600 tc 000, 2800

to 3200, and 2000 to 2600 total reentgoas respectively for 100 per cent letality**.

a Nedical Aspects of Radiolocical Lefense. Cronkite, F.P. Lecture to Federal Civil
Lefense Administration, Regional Conference of Rort.eastern States of Radiolorical
and Cherical fefensea, Kew York City, Oetoter 22, 1953,

#: UCLA~295, response of tre Burro to 100 r Fractisnel thole-"oc- Gama fay hadietion

Haley, Teds eX al, June 10, 1954.Unclass!fied.

ew
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Experimental data reported ty Boche* are surmarized below.

  

 

Ho. of Doss per . Lose per durvival Fotal Dose
Days Tay (r) Week (r) Sime (Wxs) r

20 20 60 . 2h U4,0
10 & : 36 83 2923

Unfortunately normal survival times were not given 20r were the ages of te
anirals, ( de 9s)

Pleir** hes taxe: tie two points from boche's data, inserted tiese into
his (Blair's) equation relating reparable avd irreparable dasage. Te ratio
of insta-tansous dose to 1S day dose is 350/150 or 0.82, and for k mo ‘ths dose
aout 525/350 or 0.67.

Blair suzzests t.at "The points are toa few to determine t.6 constants

(of tie equation) wit any accuracy butshould at least Le in toe proper —

range," However, t:e eonstants of his aqustion ave ciecked well wit: more

exterisive data o.oi.er anicals, ‘ia equations idicate t:at tie rate of

{cs the types of mrmrel sy nied)
recovery of repara le injury, is fastest 1) the motse, aout one-islf as fast

ia te ret and aout one-sevecth asfast in tre guia pig aud dog, iut as

Blair poi. ted out thr reaction eo? t e dog is more representative of t-e larjer,

longer-lived anirels,

2irpc-20) 0: servations on Fopulations of Aniazls exyosed to C ronte Koentren
T:rsdiatio i. POC, F.0D. 1947. Unclassified,

2ROR-207. A Formdation. of the Injery, Life S:an, Tose Felatisus For I-nizinr
Frdistions, Ji Acrlications to t.e Guinea si, 4:, @idio*, -lair,. .fee
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Piscussion of t.e Attemation and NeatieringFactor, From the tine of fallout

until tie time of evacuation it is expeoted that personnel will be kept indoors.

(See Policy ) KBajor losses due to weat uring can net ce relied upon during

this period, so tiat the estiuated factor is 1/2. Fron tue tine evacuation

@ould have been accomplisied until tie time of ealimated retura it is assumed

t.at persomel will te indoors aout half of eac’ 2), ‘oura and tiat major

losses due to weather! £ ean not be relied upon. Te over-all factor is tous

3/4.

The wane reasoning applies to tie t ird period of tins, i.e., from assuned

time of return to 15 das after fallovt, : . |

From 15 days after fallout until one yoar later it is estinated that the

attenuation due to :vildings and tie effects of weat-erisg will yeild an over-

all factor of 1/2,

Tose rate readings have [een take: wit: survey meters outside and inaide

of houses around tie Nevada Proving Grousds after fallout occurred, ‘the ratio

of readings varied wit? te type of construction of tie neuse and wit: tie

location wit:in tue tullding, Generally, tre ratio ef readings outside to

inside a frame house wes about 2/1 wit: a somew at greater differewe for

magoury Gonstruction, A lisited numer of film ‘acges were placed ovtside

aod i-cside of s.se houses duriog Tom ler~Snapper and also Ups:ot~not’ole,

In the first exae, the difference in tetal doses was aga:: 2 to 1 or greater

but during Ups-ot-Knowele only about 2 20% difference was wisd, In fact,

fa one case during lps otfnotiele t.e file hadve inside read hig:er tian

outside, ‘ne differences etween t.cse experime:1al data will “eve to :¢

duvestifpated during feture operations,

POLSPLO

Lys (7
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te very nature of t.e weat ering factor maces Cis a difficclt paramter

to evalvate. the pro ability of oecurre.ce of precipitation and/or winds avd

to what degres “as to ive eatinated ag well as their effects on radiation

levels, Leaching effects were studied on soils a out 130 miles from ground

sero where fallout cad occurred during Opxiot-“not ole, Dose rate readings

were insignificantly lower than tose predicted ty radiological decay according

to t72+2arter a period of morg tan one ycar, One exarple of tie effects

of winds whe. was o. served during Epshot-Knoticle, The fallout from the

Kare. 17, 1953 detonation was in @ long narrow pattern to tie east of ground

sero, The second day after fallout a@ rather stron surface wind tlew almost

at right angles across the area, for gout a period of a day. Tose rate

readings were taken on t-e first and fourt> days at te same locations and

t:en were Gomered, T 6 fourt: day dose rates were less, ‘y factors of tiree

to six, tian tiose to ‘e expected from t.e first days readiics, Lased on

rate of decay of t~1-2, (Otrer fallout measuresents indicated tiat the

rate of decay of tis fallout material was not significantly different

roc

“tas. . /S



from t71+2,) pecause of the physical conditions described atove, these

reductions in contamination prolably are neur tie upper limit to be expected

20". froa wind,

Operational Peasiiility of Criterta

It is not the insent here to discuss operational procedures, but it

should be indicated that tie computing of radiation doses as recommanded

1.2in Policy Y is a not too difficult task. If one assumes a t~°* rate of

= ( decay as a firs® approzization, then a single graph of dose rates versus

times after detonation can be constructed that will represent a 30 roentpen

—— effective tiolorical dose for ona year. An additional family of curves can

be made that will provide the answers to the parancters of howmeh time would

—— be availaile before evacuation an? of how lonc a tine pergomel would “ave to

remain ovt of the radiation arsa in order to provide for a savincs of at

east 15 roentrens,

The highest whole-body gamma dose recorded for any locality where

Personnel were present outside the Nevada Proving Grounds was at Riverside

Cabins, Nevada (about 15 people) following shot numer seven of Tusbler~

Snapper. ‘the maximum theoretical infintty gama dose was estimated to be

12-15 Froantgens, 7 mS
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POLICY If

Personmel Remaining Indoors —

a. When the gamma dose rate reading as weasvred tr a surve: meter held three

feet alove the ground reaces te values given in tavle IT at the tines

indicated, it is recommended tiat persoinel siall te requested to remain

indoors wit: windows and doors alosed.

B. In the event trat tere be corvincing evidece that toe radiation levels

given in the tele will te reaced, it is recomended thatpersonel be

requested to remain indoors "FOR? tie fallout occurs or tefore tre

 

 

 

radiation levels equal those in the tacle, ~ >

- TABLE II |

Tine of Fallout Carma Tose Sates At Time
of Fallout

1 hour bee

, 2 hours . 1000

3 667
he 500

5 8 00

é* 333

ay 250
30 e 7 : | 200

12 ° 167

8 83 BLPs

Felease from this restrictive action s)all be sade on the Lasis of

furt.er eveluatio; of tie radiological eoritions,
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c.

D.

On

It is reco-nended thatpeople wio had teen ovt—of—doors during fallout

ef the a@ove marcitude or greater te advised to change clothing and to

tathe, The elot.ing may be cleaned tv normal means, While batiing,

special attention should i#paid to t.e hair and any exposed parts of the

body.
In the event that the monitoring taxesplace AFi® the fallout has occurred,

and extravolation of tie dose rate readings eqvale or exceeds those in

taile II at the estimated time of faliout, then it is recomended that tre

same advice te given es in the preceding parerrem.

Coe RR RR HHEHRE ORE HE

POLICY IT

Perso-:nel Reralnine Indoors

DISCUSSION

the actior of requesting personnel to remain indoors is predicated on

the principle that the radiation levels are telow those estavlisved for evacu-

ation and that this action could reduce t:e amount of contazination of personnel

and reduce sonewat the wiole-vody gama dose. (See Appendix A for estinates

of reduction in wiole-(ody gamma dose.) ‘he actual “savings* healthwise have

to te balanced against posali-le adverse pwolic reaction,

the principal gain in requesting persorel to resain indoors is to

prevent or redvce the amount of atomic de: ris t:at may actually fall on te

Lod. or clot.inz. Sinee tie peak of fallout uscall» ocews sg ortly efter

the start of fallovt, it is immortart that prompt decisions ad actions te

wap 2 =a]
pw sr /¥



teken, Thus, by necessity, the mst practical eriteria upon which to base a

decision are gama dose rate readings, which are in turn related to the

aaount of fallont.

Dose

The most immediate solution might be to establish lower permitted

dose rate levels at later times after dctonation. However, if a series of

Gose rates are established for increasing tines after detonstion so that

their relattonship follows t™)°?, then the doses delivered in X hours

(before the material is washed off) will be greater for earlier tines

after detonation, If one vere sure of the tine that the fallout eaterial

vas to renain in place, then a scale of dose rates versus tine after deten-

stion could be made to yield the same total dose over the X hours. Since

there is obviously no set tine period for duration of contact that would

be valid for all eases, one might assuze the wrst case where the saterial

remains inplace until its activity has decayed to an insignificant level,

Dose rates could then be approximated, to yield a given infinity dose, by:

Be 5it wheres D ® infinity dose
4 @ dose rate at tine "**,

If the above discussion is accepted, then the rezaining question is to

set the infinity dose. Here, we mist be clear that whereas the meazurenents

taken by the monitors, and the data upon which action will be desided will

be gamma dose rate readings, the point of principal concern is the beta dose

delivered to the basal layer of the epidermis (assumed as 7 milligrams per

square centineter). The ratio of exission of beta to gamma fs a function of
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time after detonation asd follows 0 aimpl- relationsiip, Fortier, tis ratio

at any give.. tine after detonation has net teen fircly esta_lisced, One

report™ sugcests the following data:

Time after detonation Beta/cacce

72 hours 157/21
268 hours 56/1

These dais were o: taived from a cloud sample, ratcer t.an actual fallout

material, a.d were a measure of surface dose o: @ plaque using a "dosincter~

type tetn-ray surface fonisation chamer,"

The metrod of collection surrests the possiility that the thicikness

of material on the plaqies may be less’ than t-at to :e expected from the

amount ef fallout trat would be of eoncern wien estimating proum ilities of

beta turcs. 1s would reasvlt 42 a differest anmular dipiricutios of the

vetas Influencing t:e -eta dose rate in the direction of a higuer value for

the plaques,

Anot-er reportl indicates a beta to gama ratio of 130 to 1 based on

tieoretical comviations. A trird report® surgests @ redically lower ratio;

however, there ma: be some dou! t as to its conclusions since tre fovisation

cham er csed to measure gamzas only, t.ad a wall thickness of 1 mm eof sacelite

which *,,, excluded a small part of the total rama dose presest, as well as

@ large, tut unknown, fraction of the beta.* (‘the renee of 0,35 Mev tetas is

about 200 mc/en® or approximately 1 oa of bacelite.) For our disoussicn here,

AYOwe will assume a wpirface beta to gama ratio of 150 to 2, {
“Were

In estinsting t:e |-eta dose to the basal laver of tie epidermis, one ma;

refcr to tre work of “enrigues3. He exposed t e skin of ester tr ttepirs
ef 1~20, Selentific Tirector's Report, Annex 6.5, “Interpretation of survejencicr fata.: co
i "An Fstimate of the Relative Yasard of ‘eta and Garra iadintion from Fission Products".

Sullivan, Filliam f, N°DL. April 19L9, CONFIL-NCIAL
2 UNP-37. Project L.7 "Garma~ eta Patio in the Fost-s ot Contaminated Arca", Jane 1953.

CONFTT ONUIAL-RU TRICTID Pata. _
3 "Effect of Beta Rea.s on the Skin As A Punchaay:e 'neres, Intensits, and Duratio: of

Radiatiow, Henriques, T.). Laboratory invesfipatio.. Vol. 1, Mo, 2, Sumner 1952.

2 ©
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to plaques containing different radioisotopes, Pertinent data are abstracted

 

as follows:

Surface Dose Required to Froduce Kstinated Anount of

| Injury(loectgen-equivalant= tratedGitato Dejth
Zsstove  Enerey beta)

Yttrium? 1,53 1,800 ; 1,200

Strontiza%™ 0.61/ 3,500 1,400
Tttriua9 2,20!

The average maxima energy of the beta particles from fallout material

varies with tine but will be assumed te be roughly comparable, in respect to

depth dose, to Yttriua’! or sr”, _ Since the gamma dose at a depth of

7 ng/cw would not be significantly different fron the surface gamma dose,

the ratio ef 130 te 1 for beta-ganza will be assured at the basal layer of

the epidersis,

{One experiment with sheep, using 6r7=190 plaques, shoved that 2500

reps at the plaques’ surface produced ulesration in ons but not another of

two sheep.® On the other hand, 1000 rads delivered to tissue depth of

7 wc/ea® fron a 392 one inch dtaneter distfiype of antes) vot stated) produced

tanning, prolonged erythena and desquanstion.©#}

Tt is to be remenbered that the above discussion was first based on

Surface gamma dose rates whereas the gonitors vill be making their garma

 

®*Conparative Study of Experimentally Produced Beta Lesions and Skin Lesions
in Utah Range Sheep", Lushbaugh, C.£E., Spalding, 3.¥, and Hale, DB. LASL

Bovember 30, 1953 (UHCLASSIFIED).
*#HW-33068 A status report. Sept. 15, 1954 (COKFIDENTIAL),
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measurements at a height of three feet. Past field experience has indicated

that the gamma reading from lonisstion-type survey meters at ground level

{s ebout 50% higher than at three feet, Therefore if it be assuzed that

@ grount level gama reading of a survey neter is equivalent to a surface

Gone rate, the ratio of beta dose rate at 7 xg/en* to ganna dose rate at

Shree is about 200 to 1.

Aoother approach to estizating the ratio of beta dose rate at 7 xg/ex*

to gamxa dose rate at three fect is as follows, Assuzing a mifora distri-

bation of 1.0 megacurie per square rile of gamma activity, the dose rate

reeding from an infinite field is about 4.1 roentgens/bour.® Caloulations

given in appendix B indicate that a liks eoncentration of fallout naterial

will produce about 430 reps/hour at 7 mg/cm®, This suggests a beta to

gama ratio of about 100 to 1 which is about a factor of two lover than

the first approach. Added support to this latter method of estinating

beta doses is found in appendix ¢,

Such eonsiderations may be franght with pitfalls. For exemple, the

above discussion implies «uniforz distribution of falbut material, Obriously,

this is not correct tut how far this deviates from the facts and to what

extent this influences the results is difficult to assess. Caleulations

indioate that the production of recognisable beta burns fros a single

particle requires a high specifie activity. (See Policy III for discussion.)

It msy/oe,hovever, that the particles of fallout are €lose enough to have

overlapping of radiation fields and thus require significantly lover

specific activity of the particles to produce beta burns. This hypothesis
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has support in that even the most superficial beta burns of the aatives

exposed to fallout following the March 1, 1954 detonation showed a general

area affected rather than snall individual spots. On the other hani, the

oxttle and horses exposed near the Bevada Proving Grounds showed burns

over areas only atout the sise of a quarter. Bren though these may not

have been produced by single particles, they do represent less of an ares

effect than suggested for the natives. Also, redioautographs of the fallout

in areas cutaide the NPG suggest the eccurrence of individual particles

with non-overlapping of radiation fields. Hovever, in neerby areas vhere

the faliout ves relatively heavy, there vas a definite overlapping of the -

fields,

WITH OUR PRESENT KNOWLEDGE IT SHOULD BE STATED THAT DUE TO THE

PARTICULATE MATURE OF FALLOUT IT WOULD MOT BE POSSIBLE TO ESTABLISH

— REASONABLE AMD OPERATIONALLY WORKABLE CRITERIA THAT AT THE SAME TDE

. WOULD GUARANTER THAT THERE MEYER WOULD BE AN OCCURRENCE OF A BETA BURN.

} If one were to accept the asmmed beta to gamma dose rates of about

100=200 to 12 (measured under the eonditions given above), this might mean

an infinity beta dose of 1000=2000 reps to the basal layer of the epidernis

When the whole body infinity gama dose vas 10 roentgenaz, Of course, the

- fallout material may be removed before the infinity dose is delivered;

YX yet, on the other hand, 4t is not faprobable that {t could remain in the

hair for essentially this length of time. In the case of a one-hour fallout,

alzost one half of the dose would be delivered in the next 24 hours.

yw
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The efficiency of a surface for eollecting and holding the fallout

material is important. It is not surprising thatthe highest dose rate

readings as vell as biological effects were noted on the hair of the natives

and also on parts ef the exposed body where perspiration was present.

Further, it was observed that ever ene layer of light ectton material was

sufficient to protect against beta akin damage in rost eases®. This was

éne probably not to the relatively anall attenuation of the betas by the

@othing but rather to the physical situation of holding the radioactive

material at sone distance from the akin, which effect would be relatively large.

An added eonsideration is the possibility of high beta doses

delivered to persomel fron the felbut-material lying on the ground end ©

other surfaces. If the highest degree of contarination considered under

this policy is aafe when in direct eontact with the skin, then the beta

dose fron an equally contaminated ground will mt be hasardous. (See

Folicy III for discussion on unequal contanination on personel.) However,

it is true that the contanination may exceed the azount to deliver dose

rates given in table II and yet not be great enough to consider evacuetion,

Some personnel say not go indoors snd those who did will eventually be

released from this restrictive action and then nay walk around in 4

relatively highly contaninated area. Because of the more linited range

- of the beta, the location ef greatest concern is the lover legs.

One report estimates a beta to gamma dose rate ratio of about 75

to 1 at 10 centinsters above the ground.## Under Folicy I it was recon

 

® ITk-923. § é : ; e oger to

ifte Radi Cronkite, E. P., ot al. Hay 1954.
##.5~95() ; 60 € i et a Garre Radie

from Fission Froducts, Condit, R.I., Dyson, J.F. and Lluxb, W.A.S, NRDL
1949 (UNCLASSIFICD)
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mended that eonsideration be given to erscustion when the game dose rate

reading st three feet vas, for example, about 6.2 r/br at BY3 hours.

Roughly, this would correspond to about 460 repa/hr of beta at 20 oenti~

‘peters, Of course, this activity deeays and also it is presumed that

personnel would be sent indoors, st least for a few hours. On the ether

hand, it strongly suggests that biologically significant doses may be

delivered to the feet if not protected, Skin lesions were frequent on ths

bare fest of the natives evacusted during CASTLE. This probably vas a

eombinstion of beta dose from material on the ground end from thet scuffed

up over the bere fest and then elinging to the skin, (Ko lesions were

sooner,thonothSeredebeten fotSAeoteeateen
It would be expected thet normal elosed-type footwear (as compared to

open sandals) would afford adequate protection to the fest from such high

beta doses as discussed here. There is still no guarantees that beta

radiation from material on the ground will not deliver significant

biclogical doses to the ankles and perhaps lover legs, after personnel

are released fron staying indoors. For eaxanple, if the beta dose at 10

centineters above the ground is 460 reps/hr at E43 hours, it wuld be

about 190 repshr three hours later and 120 reps/hr six hours later.

One further possibility {3 the accurmlation of radioactive material

around the ankles and lover legs resulting from norzal walking about the

area. This is discussed under Folicy III.
pn
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Zate Oo Homan Exnecures

The work ef Henriques! suggests thet at the ¢ epth ef 0.09 m in

~ Living porcine skin (maximum thickness of e pidermis) that *1400 ¢ 300

-—— roentgen-equivalent—beta® (delivered over short periods of time so that

they may be emmed to be instantaneous) is required to produce recognis=

able transeriderzal injury, The curve of biological damage rises rather

sherply so that at a dose of just under 2000 rep (at 0.09 mn), ths epidernis

may be expected to exfoliate and in the majority of cases go on to develop

chronic radiation dermatitis persisting for months, .

oo The preceding discussion suggests thet, using the gamma dose rates

—_ listed in the criteria under this Policy, which are based on an estisated

2 | 10 roentgen infinity gamma dose, as high as 2,000 reps might be delivered

to the basal layer of the epidermis over a period of tine covered hy the

a lifetine of the radioactive material.

- There have been instances where the ealouleted infinity gama dose

(. in areas where personnel vere present around the Nevada Proving Grounds

™ have reached 12-15 roentgens but there have been no known cases of beta

burns in these areas. The nusber ef persons involved in these areas of

highest contamination vas relatively ssall, perhaps a few dozen, and with

an observed duration of fallout of about one hour it is possible that

¥ they vere not in @ position to receive the full fallout, Likevise, ximte

areas of the skin may have been so affected yst not detected or reported.

In other areas encompassing some 2,000 people the infinity gama dosevas

about eight roentgens and no instances of beta injury appeared. bie
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The estinated vhole-body gamma dose to natives evacuated froz the

island of Utirik following the Mareh 2, 1954 detonation at the Pacific

Proving Gr'ound was about 15 roentgens for a period of about three days,

bet no beta burns appeared. It is fair to assune here that direct contar

{nation took place due to their node of Living including housing that was

quite open to air currents. Gamma doze rate readings were teken over the

bodies of the natives at about H plus 78 hours both on the beach and after

boarding the ship. On the beach the personuel readings averaged about

20 wr/hr gamsa (but this probably included some contribution from the

ground contanination), and after wading throng! the surf and boarding the

ship the levels average’ 7 er/hr gusta,

The 12 natives on Sifo Island, Afilinginse Atoll, received an esti-

mated whole-body garme dose of 75 roentgens in about two and a quarter:

Gays. Of these, 14 later experienced slight beta burns, 2, moderate turns,

and none shoved epilation,

in the case of the Rongelap natives, the estizated whole-body dose

was about 150 roentgens in about two days. All 64 natives later exper-

fenced beta burns to sone degree from slight to severe and over half of

the natives shoved epilation from sifght to severe.

The 16 natives from Rongelap evacuated directly by air to Kwajalein

had personnel gama dose-rate levels gensrally 80 to 100 mur/hr although

one vas as high as 240 =r/hr and one as low as 10 er/hr (at BH plus about

55 tours). The recaining 48 natives evacuated by ship were reported to

have personnel readings that "averaged" 60 ur/hr before decontsrination,

Bec)
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¥
The picture is further confused because soxe of the natives had bathed ant

some had not before the arrival of the evacuation teas.

Most of the 22 U.S. Service personnel staticned on Enivetak Island,

Bongertk Atoll, received about 40-50 roentgens, based on fila badge read~

ings, Yhree mexbers of the group who vere located for part of the tine in

another section of the island were estimated to have received sanevhat

higher doses. Seventeen of the 28 personnel shoved only slight super

fieial lesions vith ons questionable case of epilation. It should be

pointed out that the personne] were {n metal buildings during soxze of the

fallout tize and for mst of the tine thereafter until evacustion. This

reduced the direct contexination as well as the whole-body gama dose.

4 film badge hanging on the center pole of a tent at one ond of the isiand

read 95€ roentgens. Calculetions based on dose rate readings st another

pert of the island indicated somewhat lower doses, if personnel had

recained in the open for the period of tine fron fallout (about E plus

7.$ hours) to evacuation (at about H plus 34 hours). Upon arrival at

Kuajalein one personnel gamma doce rete reading vas as high as 250 xr/nr

at about EF pins 35 hours.

| The above ¢ata do suggest that there may be possible a rough

bracketing of gama-bdeta doses versus beta burns, On the ane hand, the

natives from Utirik received an estinated whole-body gama dose of 15

rosatgens and shoved no evidence of beta burns. Om the other hand, the

natives on Sifo Island, Ailinginae Atoll, received about an estixated

whole-body gauxa dose of 75 roentgens vith 14 personne] shoving slight
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burns, 2, xoderate burns, 2, no burns, 3 with moderste epilation, and 15

with mo epilation, Im addition, Rongelep natives received 150 roentgens

whole-body gamma dose, and about 90% showed some degree of lesions and 56%

, Some degree of epilation, _ ‘ 4

It is to be recalled that: (a) the natives probably were out-of-

doors and received the full fallout, (b) the ofly hair, sexi-naked per-

aspiring bodies including bare feet, and lack of bathing for most would tend

to eollect and hold the fallout usterial, (¢) the tine of delivery of essen-

—blally all of the doses was two to three days, Further, it may be specu-

Lnted thet the fallout on the more distant island of Utirtk (about 300
statute miles) would eonsist of smaller particles and also perhape lesser

possibility of overlapping of radiation fields from these particles.

Sone of the relevant data are sunaarized in table IT. Due to the

uncertainty of the degree of exposure of personel on Bongerik to the direct

fallout, this group is not included. It is to be immediately exphasised that

any comparisons made or fnplied in the table are at the most only sexi-

quantitative, Teble IT will be referred to in Policies III and IV but is

fineluded here as a summary of the dsta discussed above,

OnExposures

The data on aenizal exposures are less firs then those for humans,

Unnistakeble beta burns eccurred on cattle at Alamogordo in July 1945, on

cattle at the Revada Proving Grounds In spring 1952, and on horses in

SN ew og 454
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spring 1953, (The skin damage observed on sheep in the spring 1953 was not

established to be beta burns.) However, the exact positions of the anizals

in relation to know anounts ef fallout are act slear.

; Following the last detonation of the spring 1952 series at the Nevada

Proving Grounds, ebout one half of a herd of 150 head of cattle were Sound

to have evidence of beta buns. They were thought to have been 15-20 ailes

from ground sero in Kewich Valley to the northeast and to have been exposed

to fallout from the last detonation, (14 KT on a 300 foot tower) Highest

Gose rate readings taken along a dirt road ruming lengthvise through

this valley, integrated to 75-100 infinity gamza doses,

During Upshot-nothole, 16 horses showed skin lesions over the back —

and eye daxage was noted in a few, The best evidence indicated that the

horses vere some 10 miles to the east of ground sero on 17 March 1954,

where the fallout occurred from the first detonation (16 KT on a 300 foot

tower), Radiation levels in this area are not know with certainty but

the fallout eceurred in a narrow band and was carried by reletively high

velocity winds eo that it probably fell on the horses at a tire less than

ene how. If so, probably amore than one-half of the infinity doze was

delivered during the next day.

Qperstionsl Feasibility

Under the eriterla recomended in Policy II, there would heve been

two oecasions in the past where personnel vould have been requested to

hae
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reuain indoors, Once ves st Lincoln Kine folloving the second detonstion

of Upshot-Knothole where they vere so requested to renain indoors for two

hours and the other cceasion would have been at Riverside Cabins (population

about 15) following the ninth detonation of the sane series, The dose rate

‘peading at Lincoln Mine vas 580 mr/br at B42. Im the case of Riverside

Cabins, however, the radiological eonditions were not ascertained mtil

after the fallout had occurred. The maximum infinity ganna dose in the

latter case vas 12-15 roentgens.

Persormel vere requested to remain inéoors (for about two hours)

following the ninth detonation of Upshot-Knothole. The highest dose rate

reading vas 320 mr/br at H plus 4.5 hours. This ts less than the current

recommendations,

“at BD
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GAMMA DOSE RATES aT TIMES
REL SHOULD BE RECONMERDED ed on Bituation of Contamination Existing

DETORATION WHEN DECORTAMINATION OF FERSON-

over_felatively Large Areas (one-half square foot or more) of the Exposed

Petonstion
Lonteningstion

2 hour
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The sizes of areas and distances from the surfaces vere selected inde-

pendently of any ef the information on the fallout on the natives discussed

above and vere estinates of areas of contamination and distances of monitor-

ing that appeared to be reasonable estinates of these yeransters. The elose

agreenent between the gamma dose rate ratios based on theoretical considera~

tions and those observed with the natives is circunstantial. For exanpls,

an equally eonteminated area of three-inch radius would yield a theoretical

gemma dose riteametines less than the selected area of six-inch radius.

In the case of the natives, hovever, it is believed that they vere sexi-naked,

perspiring, and out-of-doors during the fallout so that it {s not unreasonable

to expect relatively large areas of the body to be contaninated. In fact,

this was noted when they were monitored. By their acts of walking erowd

during the period of fallout and sleeping on mats that vere hesrily contacin-

ated it would seeu possible that significant areas of the bodies of the

Ailinginse and Utirik natives eould be as heavily contaminated as vas the

ground. (It is wumknown if there vere sufficient winds that might have

raised the material from the ground to the body after fallout occurred.)

There is further uncertainty of whet is meant by the monitor's report

of "average" persomel readings, The dose rate readings in the hair are know

to have been significantly higher than the rest of the body in most eases.

It is unknown how these readings were "averaged",

Whereas these data certainly are not firm enough for ons to place great

confidence in the precise quantities of the ratios of 7/1 or Abey do
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radiation exposure vhensver possible, bathing and a change of elothing gicht

de suggested for situations where the whole-body infinity gaze dose was

Jess than 10 roentgens and ghoyld be recomended for areas where the exposure

ie higher,

Oo

In table II it was suggested that the relative average gamma dose

retes frou am infinity contaminated field at three feet above the ground

compared to that on the natives measured by a survey weter held close to the

body vas:

achir @ 7/. (Utirikx stoi)

dagali= 6/2 (asninginas Atoll)
53 =.

chr= 16/1 (Rongelap atoll)

It is recognized there are many uncertainties in estimating such a

relationship by this means, Even if one ascunes the dose rate readings vere

taken accurately the factors involved, especially in reletion to the smount

of material coliscted and retained on the body, eartainly are not constant.

The higher ratio at Rongelap Atoll might have been dus to a physical

Phenomencn vhere the quantity of material falling per unit area was #0

grest that 4t vas not retained so completely on the body. Even if this

explanation is accepted, there still rezain many questions,

Theoretical considerations indieste a gema dose rate ratio at threes

feet above an infinitely contaninated field to that at four inches from an

equally contaminated field of six inch radius to be shout W/i,_ (See Appendix D.)
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indicate the obvious fallaey of accerting a 10-roentgen infinity dose based

on garce dose rates measured on personnel eutside the radiation field. For

exanple, the natives froz Ailinginas showed personnel] dose rate readings

that would approrimate nine roentgens (gems) in 2} days and yet skin damage

to some degree vas evident in 24 out of 16 of the personel. On the ether

hand, the natives from Utirik showed no akin damage with an estinated 2.2

roentgens in 2} days based on gazza dose rates neasured on personnal, The

uncertainty of these data was discussed under Policy II. They do suggest,

however, that if the contamination of a relatively large area of the exposed

body produces less than one roentgen infinite gemna dose as measured by a

survey meter held four inches from the surface there 1s a large probability

that beta burns will not result. (See also discussion under Policy II.)

=
z 8

When the sane doze rate reading is produced at a given height above a

surface from a smaller area, the amount of oontanination per mit area is

grester {other factora being equal). Therefore, it would seen desirable

to reduce the recommended dose rate levels when relatively small areas are

involved, It is recognised that radiation from another nearby spot uuy con-

tribute to the survey meter reading vhen monitoring a suall area on personnel,

but this bas not been taken into aseount, first because of the ciffisulty of

establishing @ prior appraisal ef this variable factor and, second, vbatever

this contribution may be it will now become an adied safety factor.

Of course, the problex is still complex because when considering

enaller and sraller areas the sventual end point is a single particle.
ra NM



 

An estixate of beta doses at the surface of an inaginary sphere surrounding

@ fallout particle is given in Appendix EF and an estinuate of beta doses fron

a single particle required to produce recognisable erythema is presented in

Appendix F, Caleulations indicate that the specific activity of some indivi-

dual particles found in fallout wuld be great enough to produce recognisable

erytheza if held in eontact with the skin for less than one day, yet the gazcs

dose rate reaiing at & inches xay be quite suall. (See Appendix Q.)

Additional information on dozes from individual particles has recently

been reported*, The perticles found in and around Hanford consisted prinsi-

pally of three radiofsotopes, Ru}, mu and its daughter Fh6, the duta

end calculations in Appendix H aleo strongly indicate that a single fallout

particles could produce a recognisable erythema.

Contamination
In the case of contanination of elothing, higher dose rates night be

tolerated than those for exposed parts of the body. This was exenplified

in the netives vhere no beta burns vere observed under elething of the most

highly contexinated personnel. (This does not include such aress as under

the waist line where material apparently collected and was held in place.)

Qn the other hand, very large increases in contamination should not be tol-

erated since it is possible for the elothing to be rearranged so as to bring

the contaninated surface in contact vith the skin, Further, it is not

walikely that one may rub his hands over his elothing and then through the

 

the mrbrianl

hair vhere £¥ sould be held in place for relatively long periods of tize.

*HW=33068. A status report. Sept. 15, 1954. ay
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A further consideration is the beta dose to the hands resulting from

handling objects contaminated with fallout material. Although sone data sre

ayailable on beta burns from handling radioactive objects, the conditions

are so different from those associated with fallout that eomparisona proba-

bly would not be valid.®

If the above assuzpticns and calculations are correct concerning con~

tanination of a general area from fallout, then the transfer of all the

radioactive material to the hands from an object of equal area would not

constitute a hazard, ‘Thus, one might consider ueing as eriteria for mon-

itoring objects, the dose readings givan above for monitoring personnel —

outside the general rad{ation field.

yo However, the problex is more complex since the hands may come inte

contact with contaxinsted surfaces many tines larger in area than the

hands, with en undetermined percentage of activity being transferred to

the hands, Of course, an added uncertainty is the frequency of washing of

the hands and/or the rubbing pff of the material froz the hands,

Yurther, one might speculate that a given surface could have signifi-

cantly higher contarinstion than the general area and that the handling of

such @ surface could constitute a grester risk, This might be true because

of the greater amount of activity transferred to the hands or because of

the doses delivered during the tine of actually handling the object, The

uncertainty of the percentage of transfer of material bas been mentioned.

One uncertainty in the second case is the length of tins the object wuld

 

Aya
be handled. Ba wv

®*Beta Ray Burns of Huzan Skin", Kn-owlton, et al. Ihe Journsl of the
nerlean Hedi soc on, V, 142, Bo. 4. Sept. 24, 1949.
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Based on calculations in Appendices 3 and D, when am object is held

in a hand, a rough estimate of the ratio of dose rates ef beta to the basal

layer ef the epidermis to that of the gemma reading on a survey meter held

four inches avay from an object two inches in radius (outside a general

radiation field) 1s 2600-5200 to 1, (Appendix I) Thus, if this object were

eontaninated with the sane activity per mit area that would produce a

LO-rventgen whole-body gana dose from general contamination of the area,

it would produce about 77 ar/hr gamma at four inches avay at Bl hours,

and about 200-400 reps/bour at a depth of 7 mg/en®.# Since the palus of

the handshave an epproxinate epiderual layer of about 40 ng/cr” the beta

dose to the basal layer would be about 135-270 reps/hour. (The tixe of

BAL was selected to show about the highest magnitude of dose rates.) If

one assumes that the decay is according to gi, then the total beta

dose to the basal layer of the epidermis in the next 10 hours would be

about 250-500 reps.

Whereas the above estimates do not indicate an alarming situation, a

wore serious problex may come when the contamination fs jut less than that

where evacuation is indiested. For example, the contaxinstion of the general

area may be five or six tines that used as an illustration in the preceding

paragraph, without svacuation being recommended. Thus, beta dose rates

from handling objects, especially in tinss soon after fallout, may be high

enough to be a probles, A simple and expedient procedure to reduce this

factor 1s frequent washing of the hands after handling objects that were in

the fallout. Boo. Q
 

*Toese numbers agree fairly well with the computations in "Beta-contact
Hazards Associated with Ganms-radiation KMeasurerents of Mixed Fission
Froducts", Teresi, J.D., USXRDL-383 (CONPIDENTIAL)
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It was suggested in Policy II thet normal closedtype footwear (as

eompared to such as open sandals) would probably afford adequate protection

against significant bete doses to the feet from fallout material on the ground.

There is still the eAded problem if the material be scuffed up and eling to

the ankles and lower legs. If there vere no intervening elothing, or

perhaps evan vith thin stockings or socks, this aight result in significant

blological beta doses being delivered to these parts. For exazple, if the

geuza dose rate reading et E43 hours vere something less than imroentgens

per hour, @vacuation would not be Indicated. However, for fallout naterial

of the sane concentretion in eontact with the skin the beta dose rate at

7 wg/ex* would be about 600 reps/hour. (See Appendix B.) Presumebly, per=-

sonnel would be kept indoors for a few hours tut upon release the approxinate

beta dose rates at 7 ng/en® would be 260 m/br three hours later or 210 at/hr

six hours later. In addition, there is the varishle factor of what ooncen-

tration ofMRmateriel may socumlate in the ankle region by valking around

an area.

4 concentration of fallout material on the ground thet would result

in about 20 roentzens maximm theoretical infinity ganze dose, if in eontact

with the skin would result in a beta dose rate to the basal layer of the skin

of about 2/4, sa@eg those indicated in the previous paragraph.
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TALE IV.M,

Game Dose Ratas at Times After Detonation Mhen Decontazination
efMotor Vehicles Should be Recomended

  

  

Tine After Detonation Garma Dose Pates At Time of
ef vont toring Bonitorine

Car7hr)

2 hour 1000

2 hours 500

3° 333

h* 225

5 « - 200
6 167

i | 125

10 * 100

12 * 8g

2h oe WW.
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POLICY IV

DISCUSSION

Bonitoring and Decontamination of Kotor Vehicles

   

~4 In the past, fallout has occurred across tigiways in significant quantities,

C Table IV.b, below indicates some pertinent data during Dpshot-Kno thele.

TASLT IVD.

Fstimated
Bose Rate
Reading of Approxinste

Shot Approx~ Hipoway at Tistance
Number inate Time of Tine of Fron
{C.rono~ YWeild Fallovt YFallout Cround Zero

) logical) (K7) Tower (irs) (mr/hr) Location (Hiles)

1 17 300! 13 920 * 30 miles south of 6
. Alamo on Hyw. #93
oe

2 17 ” 2 3/u 20 1 mile rorto of 130
St. Ceorge,!tah

—— 6 ~ 38 ® § 325 Junction of U.5,
. Hiww. f91 and 86

Kevada Hyw.#hO

) 7 $1 " Li 78 2C alles north,
Clendale, Hev.on

Riwe £93

7 HR « 7 hoo 8 miles west of 105

9 32 ® 2 1000 36 wiles north &
- Clendale on

9 °° ; 3 3/4 k20 St. George,Utah 130
an Hyw. #91

~

wet A

END ‘PRES
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Road blocks were establicied on Ficghways 93 and 91 following shots

numbers eeven and nine ef Upshot-Enothole, ‘The hifhest reading on a private

muitomobile was 100 mr/hr (gamma) inside and 110 mr/hr outside at H plus 3$

hours, About 75 oars were washed (rovghly 1/8 of the total monitored).

All of the ears that were washed except the one mentioned stove, had ovtaice

Gose rate readings less than half of the hig-est. ‘The ratio of dose rate

readings on the outside of the oar to inside varied from unity to about h/l,

Probably one of the important factors here is the difference betwee; driving

with windows and/or ventilators opened or closed, One bus read 250 ar/hr

outaide and average ef 100 mr/nr inaide with a high inside reading ever the

rear seat of 110 mr/hr at © plus & 3/1], hours.

Considering the amount of time one normally spends i: an autonoile,

these dose rates do uot necessarily represent a health hagard in terns of

gavza doses, What is provably @ more limiting factor is the direct contan-

ination one mignt acquire by rubbing against the outside of the car, especially

When changing a tire, —

Tt is assumed that monitoring will be accomplished outside a general

radiation field. Theoretical ealowlations (Appendix D) indicate that garzma

dose rate readings taken at four inoces from a surface will te 51%, hot, and

27% of those by a meter at three feet acove an equally contaminated infinite

fleld wien the redii of contamination are respectively 3 feet, 2 feet, ant

1 foot.

these data gucrest that wien t.e gamma dose rate readi-:g at four

inctes fron @ geverally contaminated car is atout ons half t.at for an

infinite pla-e taken at three feet, t.e degree of co:taninstio.: per unit

pio cuenta
ae 7
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area will be about equal; and when the wheels are teing monitored Ms to Vu

of &@ gama dose rate reading will represent equivalent contamination. diprav..g in *
gam nm conthbution from fae bidy ot fre Con faminatal vthith ).

Another factor to be eonzidered is that the provability of collecting

fallout material on the body from @ generally ootanirated area in which

one lives is greater than from one's automobile. On tie ether hand, it has

teen noted in the past that aignificantly higuer amounts of contanination

have teen found on the tires and under parts of fenders than on the remainder

of the car. (Undoubtedly, tiie is a simple phenomenon of picking up the

activity froa the higiway.) If one were to change a heavily contaminated

tire, siguificact amounts of radioactive mterial mip'it accumulate on the

hands, and later be transferred to the hair or eyes ty a simple ruting of s

the hands over those parts,

A comperiso:. mig-t te made here :etween recomended maximm dose rates

found on perso..nel and the esta:lishing of levels of activity for automot iles,

there is one ovious difference, however; in the first cases

t.e paterial is already on the person while in the second case one has to

introduce tie factor of probability of transfer ¢f contamination (and to

wiat degree) from the car to the Lody.

The dose rates (measurod as stated) in tale IV would represent aout

equal contanination per unit area for a car as for an infinite plane if the

car were rather uniformly ocontaniszated. If the activity were confined say

principally to the tires and under parts of tne ferers, the dose rate readings

might represent nearly twice the depree of contamination. One must weigh

this condition wit: the pro'a ility t.at a tire will te c.asced tefore the
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activity has decreased significantly,

A given dose rate reading inside a vehicle may represent less contarin-

ation per unit area dus to the contribution ef gama radiation from the

exterior of the vehicle. On the other hand, eontanination vithin a vehicle

would more probably be picked up by personnel than if it were on the outside.

Forther, it is recognised that significantly high concentrations of radio-

active fallout may accumulate im such parts as the air filters of an

automobile. Again, this has to be weighted against the probability that

they will be handled before the activity has decreased to low levels plus

the fact that it is relatively difficult te monitor such parts on a mass

basis. The uncertainties present in estimating possiblehazards from vehicle

contamination would not justify fine distinctions in monitoring the various

parts. 4& thorough eleaning, inside end outeide, would appear to be the

best solution. Lo

One of the obvious vays to avold much of the probles discussed in

Policy IV {s to prevent vehicles entering an area during the tine of fallout.

This will not prevent the first vehicles passing through from picking up

activity on the tires from the highway. It is believed, hovever, this will

not constitute such a troublescas problem and pest experience has indicated

that the activity found on the tires noticeably decreased after several cars

had pessed over the highvay, Further, if vebicles are not present in the

fallout it will help reduce contamination of the passengers and of the

insides of the vehicles.

2

mae.



 

In the past, the criteria used for washing cars bas been 7 mr/hr, and

at a leter tine 20 er/hr (gamma), inside a vehicle. This resulted in vashing

about 75 cars (roughly 1/8 of the total monitored) following the seventh and

sinth detonations of Upshot-Knothole. Under the recommendations given in

Policy IV, the bus mentioned above, but probably none of the cars, would have

been vashed.

The date given in table IV.b. indicate that if these radiation levels

given had been predicted before the fallout, Highways #91 and 93 would have

been closed prior to the fallout from the seventh detonation and possibly ©

highway #93 for the ninth detonation.

ATO ~s o)
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data, however, it fs not expected that uder those conditions of fallout

where the radiation levels are below those stipulated for possible evac-

vation, thet the degree of contanination will be a health hasard. (Bor

is it implied here that any level above this does constitute a serious

contaxination of water, air, or foodstuffs.) Therefore, recormended
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DISCUSSION

Eaier

Table Vi.a. lists the six loeations baving the highest eoncentra-

tions of fission producta in water sources during Turbler-Snapper, an¢é

tx tevnal
for comparative purposes the estimatedtheoretical maximum gamra infinity

doses.
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Virgin River Irrigation Canal, Bev

Irrigation Ditch, 56 mi.no. of Pioche,Kev

lover Pahranagst Lake, Bev

Virgin River at Mesquite, Rev

Bunkerville, Nev (tap water)

Crystal Springs, Bev (tap water)

 

Concentration(nlcroeuries
Externe |

Theoretical Maxirux
per milliliter extrapolat- Whole-body Garma
ed to 3 days after detona- Infinity Dose

8.7 x 1079

4.5 x 10-5

3.2 x 10-6

2.6 x 107

1.2 x 10-6

. 1.1 x 10-6

(reantzens)

6.

0.15

2.

2.5

7.0

0.15 -

Dae to veather and to attenuation of the gamua rays by buildings, the

whole-body gana dose estizated to have been actually delivered was probably

@loser to one-half of the values show.

The xaximm permissible concentration of fission products in drinking

water is § x 10-3 po/ul extrapolated to three days after detonation, This is

considered a safe concentration for continuous consueption.

Whereas, the monitoring of vater sources is of value for docusentary

purposes it should be recognised that the concentrations found may vary

widely vithin snall geographical areas and even at the same loeation at

different tines (taking into account radioactive decay), Thus, eonfidence

eannot be placed {fn precise values. Table ¥i.a. suggests that even if one

were to have stored up the water listed at Virgin River Irrigation Canal

and subsisted entirely on this for a lifetine, the concentration vould be

n~ m7 /
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about 58 tines less than the maxizun permissible ascunt. Mormal factors of

@ilution by additional rainfall and/or by the influx ef lesser ecxtazinated
be exPr ited tu

ground water vouldreduce the level of activity.

dix

Considerable effort has and is being mede to evaluate hazards fron

airborne radioactive materials, including fission products, There are esr

tainly many unansvered probless including the possible hasard from a single

particle in the lungs. Despite the uncertainties and as yet incomplete

enalysis of the inhaletion hasard, the preponderance of evidence today is —

that the external gamma haserd fron fallout is the more liniting factor of
the two®, (Eowever, see discussion on food contanination.)

During Upshot-Knothols quite complete data were eollected of soncen-

trations ef airborne activity on about 150 occasions in some 40 different

localities within 200 niles of the Bevada Proving Grounds, These inaluded

monitoring of all detonations, Histograms vere made of air concentrations

versus tine after detonation for 30 occasions and estizates were meade of

doses to the lungs, These data for the five comamities showing the highest

air concentration are given in Table YI.b. The histogram for St. George (the

high"2s hour average concentration of fallout ever measured {n a populated

area) 4s reproduced in Appendix J.

 

®22 Hoc Committees Meeting, Washington, D.C. January 20, 1954.
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8t. George, Btah | 2

Lincoln Kine, Nev 4.0 x 1972

Mesquite, Bev 1.7 x 1972

Groom Mine, Sev 3.4 x 102%

Piochs, lev 2.0 x 107%

 

we ts 3.5

12 1.5

3 1.0

7 0.35

3 0.015

*The method used in estinating doses to the limgs is given in Appendix K, tne
assurption made was uniforn distribution of radiation which, of course, is not
entirely accurate,

The criteria previously established by an Ad Foo dangle Feasibility

Committee (Washington, 0.C., duly 13, 1951), for air concentrations vas

"At a point of human habitation, the activity of radioactive
particles in the atmosphere, sveraged over a period of 24 hours,

/ phall be limited to 100 microcuries per cubie meter of air
(corresponding approximately to a ground level gama intensity
ef 30 x/tr).

“The 24-hour average radioactivity per cuble meter of air, due
te suspended particles having diansters in the range 0 aicron
to 5.0 microns, shal] not exceed 1/100 of the above; nor is it
desirable that any individual particle in this size range have
an ectivity greater than 1O-2 microcuries calculated 4 hours
after the blast,"

In the January 20, 1954 meeting of the Ad Roc Committee the basis

for recommending the above air concentration vas discussed. Essentially,

these criteria were selected by estinating the canna dose that eight be

delivered by the passing of a radioactive cloud. ‘Since there are better

“! Ald
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  methods of estimating gama doses since there are uncertainties in

evaluating the hasards of seach transitory air concentrations as experisanesd

from fallout, and sinee the preponderance of evidence from past nuclear test

series indicates that the external gawa hesard {s more liniting than the

{nhalstion one, 1t vas recomended in the Jasuary 20, 1954 meeting to

strike from the record the past recommendations for maximum peruissible

alr concentrations. It was recomended thet an air monitoring program be

eontinued fer documentary purposes and for vhatever value the data might

have in the future when new analyses might be made in the light of addi-

tional knowledge. ° .

& further éiscussien ef the single particle problea may be nade.

In arriving st the recommendation °... nor is it desirable thet any indivi~

dual particle in this size range have activity greater than 1072 xicrocuries

@alculated four hours after the blast® a computation was made that the aver-

age radiation dose from such « particle to a sphere one-half a millineter

{n radius would be 385 reps.* However, the conclusions may be misleading.

“In the case of a single particle, relatively large doses are éelivered

near the particle and small doses at a greater distance, Appendix 1 suggests

one possible estinate of this phenoxenon. The peraneters involved here are

many and difficult to svaluate. Por exaaple, how long vill a particle rezain

in one place in the lung and what dose will be delivered during that tine?

It has been suggested** that ta the wpper respiratory passage 20-ricron

dianeter particles are the upper limit of sise for deposition and that "Cilla

®Himutes, Nesting of Comittee to Consider the Feasibility and Conditions Por
@ Preliminary Radiologic Safety Shot for J. @. L.A.S.L. May 2] and 22, 1951.

 

engu-33068, 4 status report. Sept. 15, 1954. (COXFIDENTIL).
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sweep 4 to 6 cycles per second. The probability of a particle remaining

within one millimeter sone for as moh as one-half hour appears to be

vanishing small. ... Protestion will also be provided by the sucus

lining which is itself renewed several tines an hour." Ascepting the

estinates above and the methods illustrated in appendices 5 and F, it nay be

eorputed that about 33 reps would be delivered to the surface of an ‘{nagin-

ary stationary sphere one millimeter in radius by a 20 micron particle (2 C. a

xierocuries)," larger Swe CAbadotiired closer to the particle but

with the relatively rapid movenent ef the particle, it does not appear

that large doses will be delivered to a great muxber of cells. Moltiple

exposures might occur from additional particles but again this risk is

diffieult to evaluate,

Teed

Considerable effort 1s being directed tovard the stuty of eontax

4nation of food froz fallout. One elerent of xajor concern is &r™, It

has been estimated that if one were to subsist entirely on food grow fron

soils containing stout,onenlarocurie per square foot ef Sr”, (1,000 pounds

of calcius per acre), that over a period of years there would accumiate in

the human akeleton a body burden of one microcur:s of sre, Soils taken

frou »

about miles from the Nevada Proving Grounds, nov show a concentration

ef microcuries par square foot.

 *Irivate communication, L. A, Dean, U. S. Departaent of Agriculture,
Beltsville, Maryland, April 23, 1954.

 



. (Although not of direct eonesrn to the Nevada Proving Grounds, it is

ef interest to note that sells vere sollected from the Marshal) Islands

< - folloving the fallout in early Marck 1954, Appendix “| summarises these

Ye A recent report® strongly suggests that eontarination of leaf

surfaces followed by either direct consumption or intake by way of uilk

is fer more an important pathway of intake than by the soll-plant—aninmal

eycle, at least for those tines of year when plants may be in a state of

grovth to eollect the fallout. Purther anfysis is being plamed,

This sans report® raises a new problem. Based on stated assumptions,

the data presented indicates that doses to the thyroid fron fodine radio-

 

factopes may be a greater hazard than oe, Further, the report suggests

ort weirdose to the thyroid (delivered in a fev weeks) may

NO be many tines grecter than the theoretical maximm external dose, Additional

a @valustion will be given this preblez.

 

 

 

*Report on Gabriel, USAEC. Division of Biology and Medicine, Washington,
D.C, July 1954 (SOCKET)
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If integrations of dose rate readings are used fm estinating the effoo-

tive biclogiaal doses, thea table V may be used.

TasEz V

Meltiplication Lffective.
Faster

Maximwm thecretieal radiation

dose from time of fallout to We
1S days later.

Maxtem theoretical radiation
dose from 15th day to one
year.

 

radiationthe yalues recorie’ on thefils

badge may be accepted with@correctionfactor of3/4 to account for the

difference betveen the dose received by the film bedces or dosimeters

(including backscatter) and that received at a tissue depth of five

oentineters.
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1953 the following recommendation was made,

"It is recommended, and found to be in conforaity witn the present
principles of determining perwissiile excosure linits, that for test
operatioa persomel the total [ody gacma exposure te linited to 3.9r in

“ tirteen weeks, and trat te same Migure te aprlied to the off-site com
monities wit: tre furt er qualification in t.e latter case that tis is
tre total figure for t.e year, In general, tis imlies a single test
sorties in ary given year.*

On the hasis of tis recomme:dation ard t.e reasoning discussed uncer

Policy I, toe eriteria for estimating t:e wole -ody gaa effective clolopical

dose are summarised in Ta‘le ¥, It will te noted t.at tie (iological factor

included under Policy I 4a omitted in Palicy ¥. In the first case we are

Gealing with relatively “ig: dosea that may require emergency measures Wit)

t.eir attendant hazards, It is @ situation where one wishes to estimate all

pertinent factors in evaluating radietio: doses even thour.. te; may not be

known wit. precilsences, ‘efore recommending an emergency action that may

produce greater pro’lens, In the case of Policy Y one is concerned wit:

relatively lower doses during routing operations, . It would :e@ diffierl: to

justify on the one baad the propos’ tion that weekly doses for ge.eral popula-

tions may te integreted and taxes in @ single exposure without pe:mlty sad on

ne ot°er hand that a elven dose received over a period of a year may be admin-

istpatively reduced because of tiological repeir, ‘T.erefore, the tdolocical

factor is onitted,
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The general effects of backscattering on measured radiation doses are

fairly vell established. Further, knowledge ef depth (tissue)<doss eurves has

edvanced to a quantitative state.® Thus, there secas to be little doubt that

a film bedge or dosizeter worn om the parsca will cver-estinete the gum

radiation dose delivered at a depth ef five centimeters (assumed depth of

blood forming organs). A major factor in determining this difference is ths

quality of radiation wer considerstion. One report®* denling explicitly

with radiation in « fallout field suggeste a faster of about 3/4.
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Assunei

Thens

Assume?!

ELAMFLE I

Tixe of fallout = 543 brs
Dose rate et B43 « 667 xr/hr

Theoretical maximm dose fron tine of
fallout to three hours later

Savings by resaining indoors for
three hours

One year effective biclogical dose if
personne] dic rexain indoors during
the three hours (based on sare asaunp—
tions contained in section on evacus-
tion)

Fer cent of one yoar effective biolog=
fecal dose saved by resaining indoors
for the three hours

EXAMPLE YI

Tine of fallout = 4/3 hra
Dose rate at 143 3 667 mr/br

Theorstical maxirus dose from tine ef
fallout to eight hours later

Sevings by remaining indoors for eight
hours

One year effective biological dose if
personnel did pot remain indoors

_ during the eight houra (based on sane
assusptions contained in section on
evacuation)

Per cent of one year effective blologe
{eal dose saved by remaining indoors
for the eight hours

 

1.0 r

0.65 r

~5.0 z

--13t

2. F

1.15 r

AF

~234
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apprinrx &

LATIONS
Of Beta Tose Rate at Popth of Seven Killigrams per

” _ ~Square Centizeter From a Thin Jourtt,
5

Assumes 1.5 Mev 7eta (Mean energ; = 0.5 Rev)
F,= 10 en?/em
(Tis sesmes & single mass acsorption coefficient.)

I= Bo oe}*
wheres Bo = numer of tetas at surface per cx? per sec.

Hoe © 8 © ¢epth x
Fe mass @porption coefficient
x= distance (depth) under consideration

di = | .=7 F ho o*

R@ pkoe"<r
2

were: R= dose rate at dept. X
Fm mean encrgy of ‘etas ,

n= (10)oen(065) © 2.33 Bo Hev/gn~sec.

Ho = 3.7 x 1 were: C = activity in elerocurles per oF
R= 8,65 x 104 Rev/cr-sec.
Be (1,39 x 10-1)(C)erzs/em-see
= 5.k C reps/Ay

or @&5.0C renal)

& ‘le
Agsme: C= 80 pe/ce® (beta)

R=5.h6 where: Re Gate ratetp een 7 ne/om® in reps

c== activity/cn?"inpe
= (55h)(80)
= r

or = 100 rata/ar

 

Cormarison eta Nose Rate(Peps/cr)at 7 Er/ex
Ca-maLose Rate Keasured tn Infirite Fielaat a ree
Feet Aovethe’ Surface© oeeee “a rn =

Asse: 80yefen® (seta), equivalent to
1 megacurie/nt? (¢acs)

L32 ~“ar 100 on.

9" CR



 

‘The following data are abstracted froz experixe:tal results, wherein

. a thin P* source prepared by soeking a filter paper in a solution of

phosphetes, allowing it te dry, and then measuring surface dose rates

with a surfece lonisetion charber.®

Thickness of source 9.6 ng/ex*

-. Activity of source | | 77,0pe/oxt

. - Surface dose rate 0.127 rep/sec _

_— 457. reps/hr

ee Dosage rate at depth of x centinsters p7705K

_ &. Theoretically

Usingtheequetion froxAppendixB

R =Hach (for P32)

Substituting above deta
wm. e 0.ne 25 Foe 5)( 007) &9

= 7.0 C repa/hr

Let C & 77pc/ext

Then R@ 77
wee oa)reve/ar ah 7 ng/en? (P32)

 

 

 

*Effect:External Zirkle, Rayuond E. FeGrawiill Book
Conupany. 1951.os aayTp

-FF= “63
@>



   > Saws PO Sa Ly

Be Exvecinentally
R w £57 079-5) (0.007)

= 427 reps/nr at 7 mg/ex* (P*)

The two above approaches are within 26% of each other. If one extrapo-

lates the experimental data fron a source of 9.6 mg/ox® to a thin source

(for eoxparative purposes) the tvo zethods are within 20%,



d
APPENDIX #

 

CALCULATIONS Canter of

Gacma Dose Rate from a Field Six Inches in Radius and Chander
ad 

 

 

a Four incies Aove Surface
~—., -

a | Dose rate of gamma froz @ point souree

r26cy where: r = r/or
C= activity in curles per square foot
Fs average energy of gamas (Hey)

Qr - 6CE. 2 7f heyxe

- 6

h2/x2

Frarples
Lets x 1/2 feet

_—— - ~° € 2 LO pe/em? or 3,6x 107? ef/rt? (gasaa)
F = 0.7 Her

h = 1/3 foot 2 oye

«= 0,56 rfhr

De -

. Comparison Gasca Dose Pates From Infinite Plane at a Feiget of Three Fect
~~- A ove the Ground to Area of Six Inch Radius asd Heig:t of Four Inches,

Assume: 1 megacurie/mile®
(3.6 x 10-2 o/ft2)

b.1 rie = 7.3
0,56 r/ur

xa ‘s . . * .

Res ' '

Wa 8 ,SE
ef meet —pe T= OS



 

Assure: a. Point source
b. 0.5 Mevware beta energy

a, “Rate“ofohh follows 472-2

The dose delivered at the surface of an imaginary sphere at distance
R from a point source.”

(2) x(n) Eo a

vhere:mz(R) = dose delivered at the surface of an
: imaginary sphere et distance F

~ promos@ totel r egr:
__ Substdtutingys 20en?/an fi © nase absorption cosfficient

Then: (2) x(a) 50.397 SLE
gu-disintegration

gk

(3.0.) K(R) = 2B x 10 — Billivers_
Disintegration

‘ gr
35 «102

(3.b.) K(R) 2 ge x 1076 glllirsds
i 52 disintegration

Equation (3.a.) 1s plotted on the attached graph.

FOR FISSICN PRODUCTS,
—~o @ ,-» wed ~
f (5) ay 45k,

—~ wes wheres 4, = disintegrations per unit tine at time "a" after detonati
4) ® disintegrations per unit tine at one unit of tire after

&

}

|   *hossi, H.H. and Ellis, RH. “Distributed Beta Sources in Uniformly Absorbing
Vedia" Kueleonie: July 1950, V. 7, Ko. 1

C6



7

Integrating equation (2),

(6.0.) © 2 Sty (tyr? = 4,-0.2)

and .

(6.b.) © Siyty1.244.“02a0.2)
. ‘wherer C® © total nusber of disintegrations from tine "a" te “b*

t, @ tine after detonation
t, @ later tire after detonation.

(7) Coc = Sat

. By the use of equations 3.a. or 3.b. and 6.b. one may compute an

estinsted dose at the surface of an inaginary sphere,

Of course, the problem is the deterxination of "t* and ~") 1.0.,

how long after detonation will a radioactive particle appear in the lungs

and how long will the particle remain in place. The first tine (t) is puch

easier to ectixate than the later (t,).

(See text page 53)

Poae 2? el
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n Centimeters

cv. OF

herey SpRadius of Imaginar~

sole



 

ot onthe Kin.
« et F

(Lessible Productionof AecognizebleErythens),

Lets t, © 3 hours (time particle is deposited on skin)
ty © 27 hours (tire particle {s removed)

Assumes 200jreps = total dose required in one day to produce recognissble erythema
O.1 cam @ radius of imaginary sphere within which cells mist receive

2000 reps or larger.

According to Appendix E, 2.5 x 10°7 repo/disintegration is delivered
to surface of imaginary sphere 0.1 centineter in radius

259 x 22° 2 8 x 109 disintegrationg required

‘ Cw AgelEee - 40.7
Bx 10? 25451.20.2770.

A, 21.55 x 109 d/nr og about

12.0pe at Bf 3 hours

Of course, the radius of the imaginary sphere selected vill materially |

affect the calculations, Por example, a radius of 0.3 om would require a

particle of about 120 microcuries at 43 hours to give the same dose,

e (AY
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Assure: a. Assume gamma energy is approximated by comparison with radius,
be A particle of 150 nicrocuries of beta activity or 7§ microe

curies of gamma activity, (See Appendix 4.) .

Is Ebr .
d where: I © gamma dose rate (r/hr)

d = centinesters

Lets so # 7.5 x 10™
ad 210 on

r= (2dlp

= 0.063 m/hr gamma dose rate at four incheg

i - . ete)



APFEMDIX
¢ F eniunn Caleulati

¢ Fallout vaterial

A. Comparison of beta energies fron mu293 ana mrt mixture to that from
fission products.

Rago, 223 Mev beta (TP = 424)
~0.03 Mew beta (? 31.

m8 5.55 ver beta (Pie 30 03"

Aseunes Ra293/ny2 patio of 0.75%

To estimate mean average energy of betas from mixture:

Tarte, Lagtore. Energy

1.0 R293 0.3
1.33 Rul06 0.03 .
1.33 Rb 3.55

 

3H} @ 164

Average energy ~ 0.5 or roughly equivalent to that assured for fission products,

(Of course, the sverage energy of the betas ts not the sole consideration,
shereas the average raxiom energy of beta from fission products is aszumed
to be stout 1.5 Mew, the more energetic 3.55 Mev betas from Rh1O6 will give
higher doses at greater depths.)

 

*All of the data contained herein on rhethenium is contained int Hw=33008,
A status report. Sept. 1S, 1954.
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B. Data on doses and effects from single particles of Ru03 and Rui06

a b

1. Sise of particles 40A 120A

hativity of particles 1.2» 1ja

Dose rate to 7 ng/en*s 6,600 rada/hy 27,500 rade/br

Time dose delivered! ~6 days ~& days

2. 3 | LOSES

(ada/bry® rads)}®

400 ~ 500,000 Bone visible

750 7390,000 Reddening

2,500 72,000,000 Desquanation

11,000 6,000,000 Tissue Destructica

21,000 -~7000,000 Tissue Destruction-=
2 cm across
8 wa deep

C. 230. # 8.3pe estinsted activity of particle producing reddening
90 effect in about 144 hours. The estizated sise is 100 uicrons.

D. (8.3)(144) ® 1200pe total activity accounted for in the 144 hours
that the dose wes delivered. (Assuming constant
activity during the 144 hours)

 

te the hot spot directly below the particle, and is
valid only es to order af magnitude, *



E. What specific activity of a particle of fallout would be required to

deliver the saze dose in the sane length of tine?

The ansver to this question depends upon the tine after detonatics

that the particle comes in contact with the skin, Assuning this tine

to be 143 hours, the specifis activity wuld have to be about 150 pe

for the same sise particle.

Since the particle may be washed off before six days have expired,

one nay consider the problem ancther vay, What must be the specific

activity of a particle et B/3 hours te deliver this dose in the next

24 hours? . |

hecording to Strandquist (p. 2), only about 70% of a six day dose

need be delivered in one day to produce the seme affect (erythena).

Accepting this, then a particle with sbout the sane activity (160ne)

at EY 3 hours would be sufficient to deliver an erythema dose {n one

day.



 

F, The following data are reported for single particles collected during

Upshot-Knothole# and Tunbler-Snapper#*,

sf,Dstt aa DistancetoonGround Za
— 2,000 45

one 200 130

1,426 x 92% 900 10

919 460 22

723 350 4.7

Tl 400 10.

555 149 1.7
387 250 4.7

23% 4? 14.7

115 5.2 95

al 3.0 U7

20 7 0.3 —

It is nob intended here to imply these are the naximm specifie

activities per particle that existed or could exist. The data at 14.7

miles are reported te show the vide range of specifie activity that may

occur at one locality,

 

*WEe@11. "Distribution and Characteristics of Fallout at Distances Greater
than 10 Miles from Ground Zero, March and April 1953", Rainey, C.T., ot al.
(SECRET) snd LA-1685.
#eUCLI-243. “Preliminary Study of Off-site Airborne Radioactive Materials,
Nevada Proving Greunds", February 1953 (SECRET) ang Li-1685.
#**Date from estimations boused on radiceutograph methods.
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Gamma dose rate readings at four inches distance from a plane surface

two inches in radius, is 1/40 that from an equally contaminated infinite

field. (See Appendix D.)

Assume an object having a two-inch radius is contaminated on all sides

(but not necessarily uniformly) so thet the ganna dose rate is lt tines

that from an equally contaninated surface whose area is equivalent to the

major cross-sectional plane of the object. The fraction given in paragraph

one nov becomes shout 1/27, Farther assume d 100/1 ratie for beta surface

dose rate to gamma dose rate at three feet above an infinite field. Then,

the beta surface dose rate to gamma dose rate at four inches will be

2700/1.
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Assuzrtiona

The following assumptions are ssde in estinating radiation doses

to the lungs,

&. Twenty per cent of the inhaled activity is deposited.

B. There vill be no elimination of particles during their radlo~-

active lifetines. There is uncertainty as to the biological

half-life of particles in the lungs. In those communities

showing the highest concentrations of fallout, the peak of

airborne material (which accounted for the greatest percen-

tage of total fallout) occurred only a few hours after

detonation. If one assumes a radiological decay according

to t7)+2 and a biological half-life of say 30 days, tho

omission of biological half-life would not affect seriously

the computed total dose.

C. All of the activity is essociated vith particles in the

respirable range of sizes. Fast data from cascade

impactors indicate that about 90% of the activity is asscel

ated with particles 5 alcrons or less in the commnities

DB. The lungs are mifornly irradiated.

B. The veight of the lungs is 900 grans.

Y. ba individua) inhales 20 cubic meters per 24 hours.

CEMALN

5
77
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G. The average betaenergy is 0.5 Hev.

H. The gama dose is negligible compared to the beta dose,

 

George,

is. ii... Tika a1. XY i

caatte) dvoroxinste Cavities Aeiateiaed
2295. Duration afterDetonstion ana 9.2)

0610 = 1130 4.3 brs 3 bre bl? - 15. 3.0

1130-1445 «3.2 brs 6 brs 2.38 6.3 1.26

1445 = 1843 4.0 brs 12.5 brs 63x 19" 2.2 0.63

1845 = 2300 4.2 brs 15.8 bre hh xlom® 1.50 0.5

2300 ~ 0635 «7.5 hrs 21.5 bre 14x10 0,087 0.02

#0635 = 1835 12.0 hrs 31.5 bre 1gxi0% 0.139 0.03

*Ascured

Calculations

D a 5at,t-2 Be? - 27

Lets t, = 3 hours
ty § 2184 hours (13 weeks)

= 3pe

Ds (5)(3 x 2.22 x 108 x 60) (3)2-2 £2 . 218470-27

= 4.4.x 10” disintegrations from ird hour te lith week.

Assumes Bae. #2 0.5 Mev

(4.4 = 109) (0,5) (2.6 x 107) (Sqq—) (gh ) 3 4.2 x 1072 repe
 

Total Lung Dose for 13 weeks: -~125 mreps

ng omy
a fope > 3

j--—

4



 

Assuzet Average activity for 30 minutes is 0.3pe at 143 to H43$ hours
(See reference Appendix #.) ! 3

‘Thent 0. x 2.2 x 10° x 30 © 3.3 x 107 disintegrationa/30 minutes, "

At surface of imaginary sphere 1.0 mm in radius the dose rate is

= 62.52 x 10 Tisintegration (See Appendix EB)

(3.3 x 10’){2.52 x 10%) 2 8.3 x 10 mreps/30 mins, a.
~ é

2 8 rleps/30 nines .

t

ee
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lecation
Likiep#

Jeno

AQluk

Majuit

Orned

Xaven

Wathe

Ro

(Northern)

(Central)

(1 mi.z.Village)

(So. Cistern)

Eriirippu#

Eniwetok

Kabelle

Utirik

Biker

Enivetak

Sife

Haan?

*All data as of May 5, 1954, except island of Eriirippu where date is May

t

pos.

90

.2x1972

3.0x1072

1.0

1.2

3.2x1072 |

1.6x1972

7.8x107%

62.0

49.0

5.0

4.5

230.0

50.0

200.0

53.0

3.3

8.0

6.1x1074

APPENDIXM.

8.7x1079

1,2x10~%

3.8x10~2

2,6x1074

L.ixlo~

4.821079

1.3x2079

1.08

5.5x1072

$.3xi07)

9.2x10-2

12.5

1.2

4.9

9.6x10~%

4.4x1072

6.6xi9°2

9.éx10%

—S#Estirapedcomparisonwith dose-rate-
~—fxiiout—on-any—teland—seesured.—

DOE/aig

iid

n
e
e

B
m

em

0.3

500

4,500

1,500

3,300

60

250

400

170

7,800

, Saintosetroentazae)

20, 1954.


