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several weeks ago. You will mote thare are oly a few xinor
changes and that there have been added two new sections (Policy III
and Policy VI).

Since the policies are still indraft form, I trust yea will not
mind reviewing them in carbon copy form. The Division of
Biology and Medicine has reviewed the policies, and after inoor-
porating recommendations from you and others, they will be
rewritten in final form for Commlasion action.
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The fo.iowing policies were established after full oosz:deration for

the health: and welfare of the public, both in terms of radiclogical exposure

as well as possi:ie hasards, hardships or inconveniences resulting from dis-

Tu;tion of normal activities. They are conaidered to be scimd guides to the

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

alec in arriving at deciaions that would be morally and legally defensilie *.

tae atomic Energy Commission.

Two basic asmesptions are made in this report:

i. It is the responsitilit: of ths Division of 2iology and Nedloins —

to estellish such policies for the Atomic inergy Commission as

deexei necessary tc protect the healt. and welfare of the

general populece from consequences of weapons tests ccniucte: at

the Revada Proving Grounds.

Although the Division of Elology and Medicine will gladly give

assistance and advice, the operational procedures eloptedfor

meetin, these policies shall oe the responsibility of the Serta

Fe (perations Cffice and the Teast Manager, as directed Ly the

Division of Military Applications.

The following policies do not apply to domestic or wild animals aince

levels of radiation which wouli be significant would have to be much higher

than those specified hersin.
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principal reaseis, =, presimatl, tere mist: is a healt. Lazard if tie

persoquel were allove to remain. “ro, tiere is Alwacs ai element of da ger
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The ratio.ale for talle Ia i: as follews: v.c total effective | iolsst

dose tos! woul’ te received if evacuatio: were .o1 ordered is obviously a

determifactor. Another co:cideratio: is the faet tet mic an action

#3 evacuatic: could be dawerous to tie incivicuals ad eoulc also possi*ly

e detrimetal to a ver; receaseary national effort of weapons develorment,.

One mint te ags-, “Wot ow muc will te ga! ied (radiation dose saved) by

evaccatio;n?"™ istipnutes of these two varia: les are incicated is table Ia,

Thus, @ populace mA: receive up to @ calculated M roeatgo:. effective | iological

cose £. one veur wit} sot in. featig evacuatioy from 30 to 50 roentgens,

@vacuziitc we yibe oe. sidered onl ir at least 2! roestge..s covldc ve saved

Bq. Bcliodp ac at Go roanigensc or isher evagnation wocls be incleated

w.tuget regard to tor moigl ae gavl.y3 in raciatio. cose

Tomaclsy a@ rovc estimate of raciat’s: desea, one may calculate a

tieoret.cai maximim 2. nit- panumé cose 6 - tren ar itraril> Civide ©: sae

DOB/NY
Tic er acc as "2" fer an esti <cie of cose actuall: recelved, FT creas t is

may te setir’ectoy: asa first a:-proxisat..., a more realistic esitiaete should

ot“e@oacce, eaprciall we. deall-: with coses trat mie t constitute a cecal

‘Baord,

ime to fe vegessit: of maxi4 earl: measvrevents and deeigiois, Li is

t. be expected teat dose-ratc read: gs, taxen wit. survey meters, will be t e

availatle evidence &@1 the times of concer... 72 le I: surmarises t-e parazrters

considered 1- estimati-; a: effective *iolerical cose based on dose-rate

readingge
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Maxizam Dose
(Based oa Attenuation Effective

natedAate Belogleal ¥W thering Dose Factorme oa
Reesy) Faster... —Zaster (Colum (almasad)

Prom time ef fallout
until time of evacu- 11 V2 1/2
ation

From time ef svacu-

ation to time of 34 Ws /aeer
return*

Prom tine of return
to a time 15 days 4 3/6 1/aeen
after initial fallout**

From 15 days until
one year after 3 V2 V3
initial fallout | :

*This estimate is based on the concept that if eveenation vere
accomplished, then a certain radiation dese would be accumilated over
the period of time selected. This tins :
radiation dose saved if evacuation years accomplished.

has no unique significance other than providing a basis om uhich to
eatinate the biological factor.

*89The value of 9/16 has been rounded off to 1/2.
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At later tines after fallout, better estinetes of radiation doses received

may be obtained from film bedge readings or docineters, If these fila bedges

or dosimeters are worn on personnel and the evidence af their use supports the

view that the reedincs are a reasensbly accurate acccunt eof the radiation dese

received then the valuee recorded on the fila beige ap desiuster my be scoepted

with a correction factor ef 3/h to acecunt fer the difference between the dose

reseived ty the film tedge or destuster (inelucing beckecatter) and that received

at the tissue vepth of Nive centimeters, Table Ic may be used in estimating

the effective blologicel dere.

BRE
A. . a

— % a | rerective  tetective
Boioyies, BMoloegical

Vila Bwige Dose Factcr Dose
Film Baige Mologicsl er Dosiuster (Colum 3B (Colum &

Reading Feater_  Gosrection _z ¢} —x25) 
Fron tine of falicut
until time of 1/1 3/i 37
evacuation . DGE/NV

Fron tine ef return

to 15 days after 3/4 3/4 fe
initial fallout

From 15 days until
one year after 2/3 4 ife
initial fallout

¢The value of 9/16 has been rounded off to 1/2.
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Tiseussio: of t.e Rlolocfeal Factor: As lower perlocds of time are involved

1: the deliver of a rive: radiation dosc, lesser Liolosical effects mm, te

expectad, From the time of fallout util the time of evacuation orvbably

will 'e a matier of hours wiie uas bec:. gonaidered essentisil. a: insta stan

eous dose, 1.¢., tc liological dose factor ie 1/1. Prom the time svacumtion

could ‘e accomplis:ecd to time ef retur:. probabil: would be a miter of da:s,

fo the ‘iological factor as been estizmated at J/m From 15 dacs after fallout

until one vear later is essential a durativ.. of one year, so t.s biological

fiector sas tee. estimitad at SIT. It wil Le rwted v ere is wo calculation

aver ose year, recacse it is expected uncer asectual evnditions of radioloricel '

aod weat-erin: that pro abl. oo eirpnifica.t dose will be delivered after a

ears time.

It is recoriizec t at te precise quantities mi ested for t e¢ } iolo--

deal factor es ot “e grcorted &) eu.clusive evicenos. It 4s reasonalle to

expect tat te deliver of gs rive: pacdiatio: dose over a period of many days

willoiave levy tinlovtcal effectiveness t a; an instactanseous one (ne: lector
DOE/NV.,

genetic effects) ad tat H.e extenslo. of te period to esve tially ov year

8 old dele a still lower *-ivlorical factor, One nleee of supportive evidence

is t.e work of “tranievist™ where ‘-ray doses to the skin rere fractionated

3 equal cats arovata, and tie Liolorical effects compared to a one treat-

bent dose. Aand plot of total dozes versus days after initial treatment

sielded strai.” t lines, For exmaple, the curve for sxin necrosis ‘dicated a

ratio of 3000/6700 reentrens fora one treatment versus 15 dail, equally

vheverts elf kW, "The Tolerance roe and the Prevention of Injuries Caused
- loniging Fadiations®. F030 Jee es te Sadie oe

Vol. why! Dex236Aur. Wh? . .7
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frectin a:ed doscsa, Of course, Jail: rac‘ia..o doses received from fallout are

mot equally fractionated eo tiat te racio would @ in ie dirweric of unity.

Tay by day doses delivered from fallout from t-« 15t da to ow year Are more

nearly eq:ivalent t-an at earls times (ig oring the wea! ering facter). Strancdgvist

data do not extend ‘evend LO days aid it 1a questio #le to extrapolate his cata

ia aa attempt to derive @ similar ratio as a.ove based o.: ome year, aiooe ot-er

uneertaic:ties are @o great, 1.0., effects of weatreri ¢ as affecting t.e rate of dose

delivers, ete. “he ratio would presuma i ce fart.er from mity ta; for a ls<day

period,
a

Tre ski is/relatively ranidl; repaired orga: aod thus amy terd to over-

er~ gpiae te ef ects of fractiowtion wen conaicerivg widle-edy garnma doses. t

Graikit* Peparta “J> te dog, with co. alt gawca ras, t ¢ dose t-at will xili
CO perce: of t e¢ dora ia tirty-ca,; period we: delivered in a a: fl: coger at
mee lo Wor per at wie ie acreimetel 275 r. Atter t 48 dose of radiaiia tse
G&.mala cegovae Lil wit ia nertos of J ta 10 des aid deat.s eccur etesen te
ero. @ * twent =io" da. “omorr aye, i feeti ina, ad prefound ancala are
prewaleot, if te dee Ls teersased t6 100 r per da give. ower a fourterne our
period, toe let al cote ta ficpemncd to OGOf re Unter ot sonditisas, te
a ietis dle is @encux tpaceL. te sare period o° time wiv idectieal pa wvestatio sa,
Tf t@ exeregure is drow. ac i 25 proper say give over @ fourteeow our periad,
le? al dove is ten inersased to well over 1705 r, acd 4 o 8 mptoae ad findings
are ca. 6d,” ‘me pro. lex in sve experio ute is t.e evalauatio.. of possi Lilt:

DOE/NV.
1st ¢ ¢ aAuinmale me ote wirtuall, dead w i]- t«¢ ex osures are eoitinved. “°-is

afvot oe filus- mated {rn exrerime ts us. - te crro were the dally dosee of L065,

2X ad LOG poectizge a given tu t ree separate groups required 3606 tu 4000, 2°00

to 3200, a 2000 to 2600 total roentge.s respestivel: for 100 per eent let alit,**.

* Medical Aspects of Radiological Lefense. Cronkite, 2.F. Lecture to Federal “ivil
 

Tefense Aduinistratio., Regional unference of Wort easter: States of Radiclorical
acd Clemicel fefense, New lork City, Gcioler 22, 1953,
JSLAW?95, L2sponse of t.e Turre to LIX r fractional Ssole-od; Oasma Sa, saciationr.
YRLOy, ove et al, June10) Tu“aeleasaifled.
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Expertwe-tal cata reported}: Deche are summarised  elow.

 

 

No. of [Tose per Tos@# ps3 serwival :@tal rose
tays Ta (r} reg {rr} tise (:8) r

20 10 & 21, U0
10 és 3 £3 2a8

Snf'ortana tel» pre survival times were .ot c‘ve; sor were t @ ages of ¢ e

animals, ( ogy)

Flair®* tas ta:s. te two points from “oee's data, i:serted t ese into
‘4a (Plair's) eqnation relating weparable and irrecaretle damage, The ratio
of iomta taneous dese 15 15 da, dose Ly 350/850 or 0.32, and fer l mo ths dose
&@ 921 525/35 or 9.67.

Blair sugresta t at "7@ pointe are too few to decermi:6@ t-¢€ constants

(ol ¢ © eguaclo..) wit a meeurac, Gri’dia ls at leag! ‘eda the preper

ra ve." Corever, 2 e@ @ecrateute of ois eqeurti. eve ¢ esxed well wit more

exte give da‘aoo o° er anizals, “is equations 1 dicate tat tre rate of
oe Tre Fy pes tf Whew FY Se, )

recomr. of repara le injer., is fastest i: the mouse, & oui onealf as fast

A NOE/NV:
i ot ¢ rat acta ont o e5wsevest as fast {: te pil ea ply ac do,, ut as

‘lair pot fad oot ow peattion o° te dog igs more renrasentative of t.¢ larver,

lo ;erelived acicnals.

a X20 Oo servecions on Fopulattsmaoof Anies]s exposed to 2 ronie seentren
I, Padia wis‘3 le : osc: e, Reite 2747. “nolaasified,

tf Formilatio. of the 7 , fe Soan, “ose Telations Fer Tonisl:
BE:paoOns ‘
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iigeussie: of te Sétamatiia.: ax Fee. ort g Pusior,e From t.@ Line o! fallout

wRiil t @ time of ewacuatia. it da expudted tiat peraonunel will ve kepi indoors,

(jee Policy I) Major lessees dew to ont ord 5 ea ne’ oe relied upon det og

t La perlod, so ta‘ t-e eationted factear is Y/2, irom * @ time evatmation

ov-uld sve en aceomplis ed until t.@ tise of estimaced retur {° is assumed

tat perss.ael will @ iadvers a cut alf ef ese 2h ours aid tat major

lostes due to weat.srl g cai not @« reiied ipo ™.« overall facter is 1 us

afi.

Tie samo reaso.{cp aprifes to |e t ind period of time, i.e., from assumed

toe of return to 15 cars afier fallout.

Frome 15 dos after faiic:t until oo year later it is estizated tat ve I

atte meatio. c&ie ty wileivaac te effoets of weat er: g will yeild an over-

all fecwwr of 1/2.

fosr pate readiacs hava ef. taxe wit surve: arctcrs gutelce and inside

gf horses aroun ¢ e kevaca Provi i Srowcd: after fallout occurred. thn ratio

of readiagen warled wit) foe tepe of causiraction of t @ couse aad wit toe
DOE/NY.

lecat’. wit i ote wli@ia:, Oe-eraitz, t @ ratio of readic¢s outside to

treice a franc corse war about O/L «it oa mew at creator dij fcre we for

misao ro’ @.vetrecticc. ? linited wws ero” file acces were placed ovtaids

&oect side of gs me guess gor. fs “wa lertusporr ad also "ra o'-'not ole.

In te first erase, te Aiffere sce is tatal doses wes aga, 2 to 1 or greater

tit curliog “ps oteknow ole o.1- about a 208 di fferecee was voted, In fact,

i: one case duricg “ps obinocole t.e file vadge i side read ‘ig er t an

gutaide, ' ¢ dilferences etwee. t ese experime al date wiil ave to 6

i.vestirated duricg feture ope ratiow,
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Se ver. 1 ive o 3 © weai eriag secor ma es it ig @ di fieul’ pares ter

to ewaluate., Te pro abllit ef aceurse ce af prectpiiatic: aad/or winds ad

to wha? decree a5 to €@ e@stimxied as well as their eflceta an mediation

levela, Leacsi-y¢ offsets wre atedied on sila koe) 130 miles from crrousd

sero Wiere fallout ad occurred duri g “pa ot~'ao! ole. Tose rave readicgs

were iusicuifica ‘ly lower tre: t ose predict d  - racloloyical deoay according

to t7le2arier a pertod of more t &5 une -ear, ‘me example of tre effects

of woncs wawas o serwed during Upsnot-Kast: ole. te6 fallout from t e

bare 17, 1903 cer at) oc was in a lone marr pattern to t.@ east of ground

sero, ‘ce areond da, ater fallout @ rai er etm¢ surface wid lew alzost

@itri¢g t anslet across tie area, for a cut a periad of a day, Tose rate

reac gs were takes og te first ad fourt das ai 1 ¢ same locatio -a ard

NCEING
Lan wore Gauyered. oo o¢ fou. ca dose pecos were less, 3 factors of t ree

is sia, t @ otoose t. © ayvcetad Inom toe firs’ dacs read! rea, eased on

rete of sega of tm 92, (ot er fallout reasvrece ts f.cteaved iat the

rate of feca a° t ts fallovi se erial rns not ateaifieentiy eifferen’.
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from t7le2,) cecause of t.e pi: sical conditions deseribed a ove, tiese

reductiow i: coutaminvatio: prowally ere urar teourcer limit te o« expected

from wind,

O erational Feasi'iiit, of Criteria

It ia not the ineent here to discuas eperatioszal procedures, but it

shoule be indicated that t « computing of radiation doses aa recommended

in Folie: Y ig a wot teo cif fieult task. If one assumes @ pie? rate of

deca; a3 a first ac-oreximation, tien a-single grapof dese rates versus

times after detowtion can ie constructed that «(11 represent a 30 reectren

effective ticlov‘cal dose for one year, An additional family of curves can

be made t st will crevice tre answers to tre paraccters of nome. time would

t@ avalla le j.e‘ore evacuation an’ of how low a tine personnel would ave to

remain ao: o° ¢t.e radiation arpa in order to orov!se ton savings of at

least LO roenicens,

The iichest wiole-‘ody gamma dose recorded for any locality where

Perso caal were present outside the Nevada Proving Crounds was at Siverside

Ca las, Nevada (aout 15 people) following shot num-er seve. of Tum ler-

snapper, The mastmm theoretical infinity garcsa dose was estimated to Le

12-15 roeitrens,

t
y

a
m
e

n
e
r
h
e
A {

gy



 

4. hen the gamma dose rate readi:: as measred |

fect @ ove tie ground reaches te walves give: in tale Il a: t'@ tines

indicated, it is recommended tat perso cel stall te requesied to remain

FoUtcy I.

Personel Tematcine Indoors

indoors wit windows acd doors closed,

five: in te ta le will -e reac ed, it is reeotiesed that persc nel .e¢

reqveriec ts rem:

Fadiatio levels eqvual trose 1 te ta le,
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Ge It is reeomented that peaple woo had se ovi~o?~doors dur!:1 falloot

of the @ ove mar itude or preater ¢ advised to cacre clotii ¢ and to

tathe, “se ¢ist ir ma ia eleazec hoyme: tegus. Fhile atving,wah

special atiention s onld .e paid to t € air ad an: exposrd paris of the

D. In tie eve :t ta: tie monitoring taxes place Aro" t.6¢ falleut has oceurred,

ai ex‘rapeletio; of te dose rate readings equals or exceeda those 1;

ta le Ti at te estimated time oF falion:, te: it 13 reconeded t.at toe

same advice e rive as i ive presed.ip peragrad.

POUT oY YT
‘tenes

Peraorne! Temal-ing Indoors

ryse"TON

re actio. of requesting personnel to remmin indoors fa predicated on

DOE/NV.
tre principle t at t € rnciatio. levels are elow t ose estalis «d for evaou

Silo; ead that tis actio could reduce t.e amount of contacinatio:.. of perso nel

acd reduce sgomew at te wole~ od. parma dose, (See Appendiz A for estinates

of reductiu.. in w.ole- od. panw dose.) @ actval "savings" healtorise have

to 'e alasced apalnst pozsi le averse pu lic reactio:.

she pringipal gain in reqvesticg perse:iel to remal. indoors is io

brevet or redcvece t @ amount af atomie de ris t at ma actually; fall o: t's

od er elot Liv. S.nee tre peak of fallout wauall oececrs @ orth after

the atart of Tallo ty, 4: is fmoorts . tat promot declatocs aad sections be
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teken, Thus, by necessity, the most practical criteria upen which to base «

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

amount of fallout.

Dose

The most immediate solution aight be to establish lower pernitted

dose rate levels et leter times after detonation. Hovever, if a series of

Gose rates are established for increasing times after detonation se that

their relationship follovs t72°*, then the doses delivered in X hours

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

after detonation. If one were sure of the tine that the fallout saterial

waz to remain in place, then a scale ef dose rates versus time after deton-

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

there is obviously no set time period for duration of contest that would

be valid for all cases, one might assume the worst case where the aaterial

remains in place until its activity has decayed to an insignificant level,

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

De 54st where: D ® infinity dose
A # dose rate at tine “t",

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

set the infinity dose, Here, we must be cleer that whereas the measurements

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

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

delivered to the basal layer of the epidermis (essuzed ac 7 milligrams per

square centineter). The retio of emission of beta to gama is a function of
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time after Gein atio ax follows vo sim. relics. sip. “ert er, * ls ra‘to

a?oa. sive time after detesatio as of ee fi.2 es. Tinted, ne

renor:* mirveats the followt-y datas

“tee after deto vation Be e/-arca

72 ours “L721
168 hours if

These data were o taived from a cloud sample, rat er tar. actual fallout

ma-erial, ad were a meascre of surface dow o a plagre us ¢ a “dosimeter

type -etaera surfsxee fo isatlio. aact ar."

“he met oc of colleatic. au; eats tre possi ilits teat t-e tiokness

of material o *° & plug <3 ma. Le leas tha it a toe expected from te

mutoi af fallout t a: wmdd e ef evicer we esiiustl ¢ ore a bilities of

(eta our gs. ° is would resrdi 4d. a di“iere. 4. adlar dintrivutio. ef ve

@étag i Sluescicr te eta dose pate do. te direetio of a hig er value for

te rlaques.

Anot er rengrtt {fdicaica @ e@ta te gare rallis of 130 to 1 asct oe.

t eoreticsl crvotatiog, At ind resort? gicyeo'S @ vadicall: lewir ratio;

POL/NY.
owewer, Voreé ra le gore do ft as ts ite ¢> clusions since te iv dasatto:

eam er ised to neascre factas @ 1, ad a wall t icscess of l mmo? axelite

Wiic ",e6 excluced a small per! ef te total pecma dose preset, as well ae

ailarre, utumnow., fracii: of te eta.® (¢ range of 0.35 Nev ‘ctas is

abort 100 ne/on® or approximatel, lms of bacelite.) For our disau sio: here,

we will ma:cme ea sirfece beta to gama ratio of 150 to L,

In estimailiwtie eta doze to tre basal la_vr a” te epidermis, o « may

refer Lo the work of -enriques. Re excosed te sxin of Chester tedie pirg

vavet, vedentifie Tirretor's Report, annex 6.5, "interpre tatio: of Jurwejemeicr atate0
i "An ‘stinste of the Nela‘ive ‘agsard of eta ex’ Gagema adiatios from Pasion Procugts",   
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to plaques containing different racioisoto;es. Fertinent dats are abstracted

 

as follows!

Surface Dose Recuired to Iroduce Estimated Amount of
Reoognisable Transepidermal Radiation That Fene=
Injury (Roentgen~equivalent— trated Skin te A Depth

isotope... Energy. keel Sreb)

Yttriun’+ 1.53 1,500 1,200

Strontius? 0.61
Yttrim?% 2.20 1,500 1,400

The average waximum energy of the beta particles from fallout saterial

varies with tiue but will be assumed to be roughly comparebie, in respect to

depth dose, to Yttriux’> or sr??ny99, Since the gamua dose at a depth of

7 mg/cm vould not be significantly different from the surface gauna dose,

the ratio of 130 te 1 for beta-gamma vill be esswned at the basal layer of

the eptiderzis.

{one experinent with sheep, using $r%¥90 plaques, shoved that 2500

reps at the plaques' surface produced ulceration in one but net another of

two sheer.® On the other hand, 1000 rads delivered to tisouedepen ef

7 mg/ez” from a P32 one inch diameter aisleype of eninal not statea} produced

tanning, prolonged erythems and deuquanation.*#]

It is to be remembered that the above discussion was first based on

gurfaes gamma dose rates whereas the monitors will be making their gama

 

*"Comparative Study of Experisentally Produced Beta Lesions and Skin Lesions
in Utah Range 5 . Lushbeugh, C.k., Spalding, JF. and Male, DB, Lash

Wovexber 30, 1953 (UNCLASSIFIZD).
#92We33068 A status report. Sept. 15, 1954 (COMFIDEMNTIAL).
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meacurenents at a height of three feet. Fast field experience has indicated

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

is sbout 50% higher than at three feet. Therefore if it be assured that

& ground level gamma reading of a survey zoter is equivalent te a surface

dose rate, the ratio ef beta dose rate at 7 mg/em~ to gamma doce rate at

Sree ie about 200 to 1.

Another approach to estinating the ratio of bete dose rate at 7 ng/ex*

to gecma dose rate at three feat is as follows. Aseuning a wmiiforn distri-

bution of 1.0 megacurie per square zile of gamma aetivity, the dose rate

reading from an infinite field is about 4.1 roentgena/hour.” Caleulations

given in appendix B indicate that « like concentration of fallout neterial

will produes about 430 reps/hour at 7 ag/os®. This suggeste a beta te

ganna ratio of about 100 te 1 which ie about a factor of two lower than

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

beta doses is found in appendix C.

Such considerations may be fraught with pitfalls. Por exemple, the

above discussion inplies a uniforz distribution ef felbutaeberted, Ovvicusly,

thie is not correct but how far this deviate: from the facts and to what

extent this influences the results 4s difficult to assess. Calculations

indicate that the production of recognisable beta burns from a single

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

It nay/be,however, that the particles of fallout are eloze enough te have

overlapping of radiation fields and thus require signifieantly lover

specific activity of the particles to produce beta burns. This hypothesis

*'rffects of Atomica Weapons", 1950
 

e
cCLASSIFIED

ee Ql



 

oom

hes sapport in that even the most superficial beta burns of the natives

exposed to fallout following the March 1, 19%4 detonation showed a general

area affectad rather than suall individual spots. On the other head, the

cattle ami horses expseed near the Nevada Proving Grounds showed burns

over areas only about the sise of a quarter. iwen though these my not

have been produced by single particles, thay do represemt less ef an aren

effect then suggested for the natives. Also, redioautographs ef the fallout

in areas outside the NPG suggest the ccourrence of individual particles

with non-overlapping of radiation fields. Hovever, is nearty areas vhere

the fallout wes relatively heavy, there vas a definite overlapping of the ,

fields.

WITE OUR PRESENT XWOWLEDGES IT SHOULD BE STATED THAT DUE TO THE

PARTICULATE MATURE OF FALLOUT If WOULD NOT BE POSSIBLE TO ESTABLISH

REASONABLE ABD OPERATIONALLY WORKABLE CRITERIA THAT AT THE SOQ@ TUG

WOULD OUARANTRE THAT THERE MEYER WOULD BE Am OCCUREMEOF & BPA NER.

If one vere to acospt the assumed beta to gama dose rates of about

100-200 to 1 (measured under the conditions given above), this might nean

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

when the whole body infinity games dose was 10 roentgens. Of course, the

fallout material may be removed before the infinity dose 1s delivered;

yet, on the other hand, it is not improbable that it could remia ia the

hair for essentially this length of tine. In the onse of a one-hour fallout,

aimost one half ef the dose wuld be delivered in the next 24 hours.

 



 

The efficiency of a surface for eollecting and holding the fallout

meterial le important. It is not aurprising thatthe highest dose rate

readings as well as biological effests were noted on the hair of the netives

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

Further, it was observed that even one layer of light cotton material was

suffielent to pretect against beta akin damage in most eases*, This was

due probably not te the relatively small attenustion of the betas by the

elothing but rather to the physieal situation of holding the radioactive

material at some distance from the skin, whieh effect would be relatively large.

an added consideration is the possibility of high beta doses

delivered to personnel from the falout material lying on the ground and ;

other surfaces. If the highest degree of contanination -unsidered under

this polley ie safe when in direct eontact with the skin, then the beta

dose from an equally contaminated ground will not be hazardous. (See

Polley Iii for diseussion on unequal contamination on personnel.) Povever,

it is true that the contanuination may exceed the amount te deliver dose

rates given in table II and yet not be great enough to consider evacuation.

Some personnel may not go indoors and those who did vill evectuclty be

releused fron this restrictive action and then may walk around in a

relatively highly conteminated area. Because of the sore linited range |

of the beta, the location of createst concern is the lower legs.

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

to 1 at 10 centineters above the ground.™* Under Poliey I it was recom

* TTRe923.
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material is iupertent. T% is ast surprising thatthe highest doce rate

preedings es well as Melegioal effects vere noted om the hair of the astives

end alse on parts of the exposed body where perspiration was present.

Purther, {8 was oteerved that even ene layer of Light ectten neteris) was

wafficiant te protest against bete akin damage in unct cases*®. This ws

due probdably art to the relatively emell attemection of the betas ty the

Gething but rather to the physionl situation of holiing the rudlccstive

material o& seme distance fren the skin, whlch effect would be relatively lege.

am added comsiderution is the peeaibiiity of high beta doses

delivered te perseme] fren the falbut material lying om the ground and

ether surfaces. If the highest degree ef contanination considered under

this peliey is safe when in direst contact with the skin, them the beta

dose frem am equally contaminated ground will act be hasardeus. (Ses

Peliey Ill fer discussion om wmequsl sontemination en persemmel.) Sevever,

i% ts true thet the conteminaticn nay axesed the ansumt te daliver dese

rates given in Cable ET ent yot not be great ame mee

Some personne) nag aot go indeors and theee vbe did vill eventually be

released fros this restrictive estion end then aay walk around ia a

relatively highly esnteninated area. Beoanse of the nore lintted range

ef the beta, the location of greatest concern is the lever lags.

One repert estinates a beta te gamma dese rate ratio ef about 75

te 1 a 10 centineters above the ground.® Yade: Policy I it vas reese

 

TTT-523, o . a) , ~ Bi a Ber GS a % er i

i Cy i ni’

|y

nT 5 — 9 e P, ry nd 7

o. rae *. 1 bond ’ R.Y., ; ° c.?. and ’ ¥.4.8, ee

Ties Ske Lie

gears WUCLASSED
dS



 

nended that consideration be given to evacuation when the gama dose rate

reading at three feet was, for example, about 6.2 r/br at H¢} hours.

Roughly, this would eorrespond to about 460 reps/hr of beta at 10 centi-

meters. Of course, this setivity decays and also it is preaumad that

personnel would be sent indoors, at least for a few hours, On the other

hand, it strongly suggests that biolegically significant doses may be

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

bare feet of the natives evacuated during CASTLE. This probably was a

combination of beta dose from material on the ground and from that souffed

up over the bare feet and then oalinging to the skin. (No lesions vere

observed on the bottos of the fest, undoubtedly due to the thick epidermis4 ante 7
t: the pronce oy trot tee wertivei a dust ctik to tet fKhin Hit vould ly)
It would be expected that normal closed-type footwear (ss compared to

open sandals) would afford adequate protection to the feet from sueh high

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

radiation from material on the ground will not deliver significant

biological doses to the ankles and perhaps lover legs, efterpwcsonnel

are released from staying indoors. For example, if the beta dose at 10

eentizeters above the ground is 460 reps/hr at H¥3 hours, it would be

about 190 repghr three hours later end 120 reps/hr six hours later.

One further possibility is the accumlation of redicactive naterial

around the ankles and lower legs resulting frou normal walking about the

area, This is discussed under Felicy III.

 



 

Rabe On Tuan Sooaures

The work of Henriques! suggests that at the d epth of 0.09 am in

living poreine skin (mexieum thickness of e pidermis) thet "1400 ¢ 300

roentgen-equivalent-beta" (delivered over short periods of tine so that

they may be esumed te be instantaneous) is required to produce recognis-

able trenseyidermal injury. The gurve of biological damage rises rather

sharply so that at a dose of just wrier 2000 rep (at 0.09 om), the epidernis

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

chronic radiation dermatitis persisting for months.

The preceding discussion suggests that, using the gaume dose rates

listed in the criteria under this ielicy, shich are bazed on an estinated

16 rosatyen infinity gamma dose, as high as 2,000 reps might be delivered

to the basal layer of the epidernis over a period of tine eovered by the

lifetize of the radioactive material.

There Lave been instances where the caleulated infinity gauze dose

in areas where persome] were present around the Nevada Froving Grounds

have reached 1218 reentgens but there have been no know cases of beta

burns in these areas. The musber of persons involved DOEY areas of

highest contanination was relatively small, perhaps a few dozen, and with

an observed duration of fallout ef about one hour it 1s possible that

they were not in a position to receive the full fallout. Likewise, nimite

aroay of the skin may have been so affected yet not detected or reported.

In other areas encompassing some 2,000 people the infinity gamma dese was

about eight roentgens and no instances of beta injury appeared.

1 gr-git.
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The estimated whole-Ledy gamma dose to natives evacuated fror the

island of Utirik following the Mareh 1, 1954 detonation at the Facific

Proving Oround vas about 15 roentgens for a period of about three days,

but no beta burns appeared. It is fair to assuse here that direct sontanm

ination took place due to their node ef living including housing that vas

quite open te air currents. OGemae dose rate readings were taken over the

bodies of the native: at about H plus 78 hours both on the beash and after

boarding the shir. On the beach the persormel readings averaged shout

20 or/hr gama (but this probably included saze contribution from the

ground contanination), and efter vading turough the eurf and boarding the

ehiy the levels avereged 7 mr/hr gana.

Tue 12 natives on Sifo Island, Allingicas atoll, reesived an estie

watec whole-body gaxca dose of 75 roentgens in ebout two and a quarter

cays. Cf tnese, lL, leter axperienced slight beta burns, 2, moderate burns,

and none showed erilstion.

In the case of the Rongelap natives, the estimate? vholeebody dose

was about 152 reentgens in about two days. Al) 64 native: later exper~

fenee? beta burn: to sore decree from slight to severe andover half of

the natives showed eriletion from slight to cevere.

The 16 natives from Rongsla; evacuated cirectly by air to Ewajalein

had personnel gamra dese-.:te levels generally €9 to 100 ar/hr although

one war as high as 240 mr/hr and one es low as 10 er/hr (at F plus shout

55 hours). The remaining 45 native> evacunted by ship were reported to

hove personnel readings that Maveraged" 60 nr/tr before fecontarination.

UNCLASeiASE tren
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Tre picture ls further confused because soue of the natives had bathed and

sor@ had not before the arrival of the evacuation tean.

Most of the 22 5.8. Service personnel stationed on mmivetak Island,

Rongerik Atoll, received about 40-$0 roentgens, based en filu badge reade

ings. Three cexbers of the group who were located for part of the tixe in

another section of the island were estinated to have recelved somewhat

higher coses. Seventeen ef the 22 personnel shoved enly slight supa

ficial lesions with one questionable case of epilation. It should be

pointed out that the personnel were in retal buildings during some of the

fallout tise and for most of the tine thereafter until evacuation. This

reduced the direct contexination as well as the uhole-tedy gama dose.

4 fiir badge banging on the canter pole of a tent «t one end of the island

read 9€ roentguns. Caloulations based on dose rate readings af another

part of the island indicated somewhat lower doses, if persenne] had

recsined in the open for the period ef tire from fallout (about H plus

7.§ hours) to evacuation (at ahout F plus 34 hours). Upon arrival at

Kwajalein one personnel gamma dose rate reading vas as high as 250 mr/hr

at about E plus 34 hours. PUEINY.

Tae aboye date do suggest that there may be possible a rough

bracketing of gazcua-beta doves versus beta burns. On the ane hand, the

netives from Utirik received an estinuted vhole~body gauma dose of 15

roentgens and showed no evidence of beta burns. On the otter hand, the

natives on Sifo Island, Aflinginas Atoll, received about an estinated

whole-body gama dose of 75 roentgens with 14 persomel shoving slight

 
RT
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burns, 2, zoderate burns, 2, no burns, 3 with moderate epilation, and 15

with no epilation, Im addition, Rongelap nativee received 150 roentgens

whole-body gama dose, and about 90% showed some degrees of lesions and $af

some degree of erilation,

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

doors and received the full fallout, (b) the oly hair, semi=naked pare

spiring bodies ineluding bare feet, and lack of bathing for most would tend

to collect and hold the fallout material, (¢) the time of delivery ef essen-

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

lated that the fallout on the sore distant island of Utirtk (about 300

statute ciles) would consist of smaller particles and also perhaps lesser

possibility of overlapping of radiation fields from thease particles.

Sone of the relevant data are summarised in table IZ. Due to the

uncertainty of the degree of exposure of persomel on Rongerik to the direct

fallout, thie group is net included. It fs to be immediately exphasised that

any cocparisons made or inplied in the table are at the post only seni~

quantitative, Table II will be referred te in Policies III andiV but 1s

included here as a eumnary of the data discussed above.

OnExosures

The data on animal exposures are less firm then those for hwnans.

Unnistakable beta burns cecurred on cattle at Alamogordo im July 1045, on

cattle at the Hevada Proving Grounds in spring 1952, and on horses in
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spring 1953, (The skin damage observed on shee; in the spring 1953 vas not

established te be beta burns.) Rowever, the axact positions of the enixals

in relation to know sucunta of fallout are not clear.

Pollowing the last detonation of the syring 1952 series af the Nevada

Proving Grounds, about one half of a herd of 150 head of cattle were found

to have evidense of beta burns, They were thought to have been 15-20 miles

fron ground sero in Kawieh Valley to the northeast and to have been exposed

to fallout from the last detonation, (14 ET on a 300 foot tower) Righest

dose rate readings taken along « dirt road ruming lengthvise through

this valley, integrated to 75-100 infinity gamma doses.

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

ant eye danage was noted in a fev. The dest evidence indicated that the

horses vere some G10 niles to the east ef ground zero on 17 Mareb 1954,

where the falloct occurred from the first detonation (16 KT en a 30 foot

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

the fallout eecurred in ea narrow band and was carried by relatively bigh

velocity winds se that it probably fell on the horses at a tine less than

one hour. If go, probably more than one-half of the infinity dese vas

delivered during the next day.

Quereiional Feasibility

Under the eriteria recomended in folicy I], there would have been

two occasions in the past where personnel would have been requested to

pr or Ramee
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reviain indoors, Once was at Lincoln “ine following the second istonation

of Upshotefnothole where they were so recuested to remain indoors for two

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

about 15) following the ninth detonation of the same series. The dose rate

reading at Linceln Mine vas $50 mr/hr at HA2. In the case of Riverside

Cabins, however, the radiological conditions were not ascertained until

after the fallout had eccurred. The maxisum infinity game dose in the

latter case was 12-15 roentgens.

Personnel wore requested to remain indsors (for about two hours)

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

reading was 320 mr/hr at Fo plus 4.5 hours. This is lesa than the current

recomendations,

DOE/NY.
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GAMMA DOSE RATES aT TIMES ye DETONATION WHEN DECONTAMINATION OF I ZRSOM-
edWEL SHOULD BE RECOKMEMDED on Situation of Contanination Existing

aoaattvely Large Areas (one-half square foot or more) of the Byoeged_
B
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1 hour

2 hours
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POLICY III

Dacontenination

DISCUSSION

General

The establishing of degrees of widesirable contamination on persommel

is based principally on considerations of the beta dose to the skin. From an

operational point of view, probably the most practical method of estimating

the beta skin doses is from gumma readings taken with survey instruments

even though the evaluation of such measurezents is difficult.

Tersonnel monitoring may be considered under two classes, i.6., those

token outside a radiation field and those within. In the latter ease it

would not be possible to establish prier criteria as to the relative oon=

ributions to the seter reading from the contanination on the person and

from that on the ground. If it is impractical to perforsz pertceatal moniter=

ing outside the econtarinsted area, probsbly the best solution is to estinate

the degree of personnel contanination by determining the location of the

individual during fallout. The discussion under Policy II suggested that

even if one were out-ofedoors during fallout in an area where the whole-body

infinity gazma dose was 10 roentgens, there would be relatively little ehance

of beta burns occurring. Novever, based on general principles ef reducing
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radiation exposure whenever possible, bathing snd a change of elothing aight

be suggested for situations vhere the whole-body infinity gamme dese ves

leas than 10 roentgens and ghould be recomended for areas where the exposure

ise higher,

Sunaps.

In table II 1% was suggested that the relative e«verage game dese

rates frou am infinity contaminated field at three feet sbove the ground

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

body vas!

arche s 7/1 (Utirtk atoli)
15 mr

= 8/i (Allinginae atoll)
§3 ur,

RO ABELAL = 16/1 (Rongalap Ato22)

It is recognised there are many uncertainties in estinsting augh «

relationship by this means. FEven if one assumes the dose rate readings vere

taken accurately the factors involved, espeesially in velationto the srnoumt

of waterial collected and retained on the tedy, certainly are not constant.

The higher ratio at RFongelap Atoll might have been due to a physical

phenomenon where the quantity of material falling per unit area was #0

great that it was not retained so completely en the body. Even if this

explanation is accepted, there still remain many questions.

Theoretical considerations indicate a gamma doze rate ratio at three

feet above an infinitely contaminated field to that at four inches fren an

equally contaminated field ef six inch radius to be about 7/1. (See Appendix D.)

au. 4 7Meee hh
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Tne sizes of areas and cistance: fro: the curfaces were selected inde-

pencently of any of the informstion on the fallout on the natives discussed

above anc were estinates of ares: of contarination and distanees of monitor

ine thst erpeared to be reasonable estinates of tiese parsmeters, The elose

agreenent between the gama dose rate ratio; based on theoretical conasidera~

tions anc those observed with the natives is circumstantial, Fer exemple,

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

gama dose ae 2 tines less than the selected area of simingk radius.

In the case of the natives, however, it is belicved that they were aeni-naked,

pers;iring, and out-of-doors during the fallout so that it {es mot unreasonable

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

this war noted when they were ronitored. By their acts of walking around

during the period of fallout and sleeping on mats thet were heavily contacin=

atec it would seem possible that significant areas of the bodies of the

Allinginee and Utirlk natives could be as heavily contaminated as was the

grounc, (it is wnhknow if there were sufficient winds thet might have

railed the naterlal from the ground to the body efter falloctNourred.)

There {3 further uncertainty of vhat is meant by the sonitor's report

of "uverage” personnel readings, The dose rate readings in the hair are know

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

it is unknown how these readings vere "averaged".

whereas these data certainly are not firt enough for one to plece great

confidence in the precise quantities of the ratios of 7/1 or 8/1, they do

 >
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indicate the obvious fallacy of accerting » lo-roentgen infinity dose based

on gamma dose rates measured on personnel outsice the radiation field. For

exanjle, the natives fron Allinginas showed personnel dose rate readings

that would approxizate nine roentgene (guwmaa) in 2} days and yet skin damage

to sone degree was evident in 14 out of 16 of the personnel. the other

hand, the natives froz Utirik showed no skin damage with an estinated 2,2

rosutgens in 2} days based on gamma dose rates measured on personnel. The

uncertainty ef these data was discussed wmder Policy II. They do suggest,

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

body produces lese than one roentgen infinite ganna dose as measured by a

survey meter held four inches fro: the aurface there is a large probability

that bete burns will not result. (See also diseussion under Folisy II.)

zee , §

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

surface from « smaller area, the amount of contamination per unit area is

greater (other factors being equal). Therefore, it would seem desirable

to reduce the recomended dose rate levels when relatively small areas ere

involved. It is recognized that radiation from another poorly, Ypot nay con=

tribute to the survey meter reading when monitoring « swall area on personnel,

but this haz not been taken into account, first because of the diffisulty of

establiching a prior appraisal of this varlable factor end, second, whatever

this contribution uay be it will now become an added safety factor.

Gf course, the problem is st1l1 corylex because when considering

snaller and staller areas the eventual enc point is a single particle.
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An estizate of beta doses at the surface of an iraginary ephere surrcunding

a fallout particle is given in Appendix FE and an estizate of beta doses frox

a single particle required to produce recognisable erythena is presented in

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

dual particles found in fallout would be great enough to produce recognizable

erythesa if held in contact with the skin for leas tnan one day, yet the gama

dose rate reading at 4 inches may be quite small, (See Appendix @.)

Additional information on deses from individual particles has recently

been reported®. The particles found in and around Hanford eonsisted princi-~

pally of threes radioisotopes, KAS, Fut and its daughter Fh2°6, the date

and calculations in Appendix H also strongly indicate that a single fallout

particle could produce « recognisable erythens.

Lontamination

In the case of contanination of elothing, higher dose rates might be

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

in the natives where no beta burns were observed unier elothing of the nost

highly contaminated personnel. (This does not include such areas as wider

the waist line vhere material apparently collected and was hel?inplace.)

On the other hand, very large increases in contarination ahoulé not be tale

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

the eontarinated surface in contact with the akin. Purther, it fs net

unlikely that one mey rub his hands over his clothing and then through the
, oe

halr vhere ‘tt could be held in plase for reletively long perioda of tine.

 

Hie330GE. A status report. Sept. 15, 1954.
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A further consideration ir the bets dose to the hande resulting fron

handling objects contaminated with fallout material. although come data are

avallable on bete burns from handlin: radloactive objects, the conditions

are s0 different from those associated with faliout that comparisons proba-

bly would not be vwelid.*#

Tf the above assumptions and calculations are correct sencerning con~

tamination of a general area from fallout, then the transfer of 411 the

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

constitute a hasard. Thus, one might consider using as criteria for son

itoring objects, the doce readings given above for monitoring persannel '

euvsice the general radiation field.

1+” Eowewer, the problem is more complex since the hands say cone into

eontact with contaminated surfaces many tices larger in ares than the

hands, with an unceternined percentage of activity being transferred to

the hends. Of course, an added uncertainty is the frequency of washing of

the hand» and/or the rubbing off of the material frox the hands,

Furticr, one might speculste that a given surface could have signifie

cantly higher contarination than the general ares andNG handiing of

auch @ surface could constitute a greater risk, This might be true because

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

the doses delivered during the time of actually handling the object. The

uncertainty of the percentage of transfer of saterial has been mentioned,

(ne uncertainty in the second case is the length of tina the object would

be handled.

 

*"Petea Ray Burns of Human Skin". Knepwiton, et al.
viecicalAssociations ¥. 141, Ro. 4. Sept.hy 1949.
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Based on ealeulstions in Appendices 8 and I, when an object is held

in a hand, a rough estinste of the retio of dose rates of beta to the basal

layer of the epidernis to that of the garra reading on a survey neter held

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

rediation field} is 2600-5200 te 1. (Appendix I) Thus, if this object were

eontazinated with the sane activity per unit sres that would produces a

id-roentger whole-body gauma dose from general contamination of the area,

it would produce about 77 mr/hr gama at four {inches avay at Bl hours,

and about 200-400 reps/nour at a depth of 7 mg/en*.® Sinee the pains of

the hands have an approximate epiderzal layer of about 40 ng/on* the beta

dose to the basa? layer would be about 135-270 reys/hour. (The time of

Fl was selected to show about the hichest magnituie of dose rates.) If

ona assunes that the decay ts accoriizg to prhee then the total beta

dose to the basal layer of the e-idermis in the next 10 hours would be

about 255-500 reys,

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

more serious problen may come when the contamination is jut lese than that

where evacuation is indicated, Yor exazple, the contaztnattoxa the general

area tiv be five or six time: that used eas an illustration in the preceding

paragraph, without evacuation being recommended. Thus, beta doze rates

from handling objects, especially in timcs scen after fallout, nay be high

enough to be a problem. A simple and expedient procedure to raduce thir

factor is frequent washing ef the hands after handling objects that were ir

the fallout,

 

"These numbers agree fairly well with the computations in "Beta-contact
Hazards aseociated with Gammaeradiation Heasurerente of Mixed Fission
Froducts", Teresi, J.D., USERDL-383 (CONFIDENTIAL)
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It was suggested in Felicy Ii that normal clozed-type footwear (aa

compared to much as open sandals) would crobubly afford adequate proteetion

against significant beta doses to the feet fro: fallout zaterial on the ground.

There fe still the added problem if the »aterial be seuffed up and sling to

the ankles and lower legs. If thera vere no intervening clothing, or

perhaps even with thin stockings or socks, this might result in significant

dlological beta deses being delivered to these parts. Por example, if the

gauza dose rate reading at #43 hours were something less than tax ‘roentgens

per hour, svacuation would not be indicated, Nowever, for fallout material

of the same concentration in eontact with the skin the beta dose rate at

7 mg/e:* would be about 600 reps/nour. (See Appendix B.) Presurably, per

sonnel would be kept indoors for a few hours but upon release the approximate

beta dose rates at 7 wg/ex:* would be 26 aor three hours later or 210 ‘masa

six hours later. In addition, there is the variable factor of what concen=

tration oft Pwetertal nay accumulate in the ankle region bywalking around

aD area,

4 concentration of fallout material on the ground that would result

ir shout 29 roentzgens caxinus theoretical infinity ganea dose, if in econtact

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

of about 1/4 spSQM thoce indicated in the previous paragraph.
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Poat blocks were esta lice ao. i. wa.a 33 ad 91 follori-g shots

mom er sever and mine of C) gotenothole, “he .ift est readiq on a private

eztomotile was 100 ar/:r (garam) inside ad 110 mr/ur ovtsice at © plus 33

houre, Abort 75 sarc were waried (rouchl: 1/) of t 6 total mo-dtored).

All of te cars tat were was.ed escept t ¢ one mentioced al ove, had ovtaide

dose rate readi gs lesa tha. al? of toe lig est. “\c patio of dose rate

reacdi cs on t @ ovtside of tie aar to inside varied from init. to aout h/l.

Protabl: on@ of te immortact factors here ie tre diffcrese ‘etwee driviig

wit: windows a-d/or wetilators opened or closed. “ae ous read 250 xr/ir

o.tside acd averace of 160 mr/or inside wit e@ ig ineide readi-g ever tre

rear seat of 1.0 mr’ r ato pius 7 3/L svars.

Considering t e @mount of time oie mormall: speada 1: an automo ile,

tiese dose patea do wt ‘ecessaril. represe< a‘ealt. -aszard in terns of

ga .a coses, “nat is sro abl: a more limitis factor is tee direct coutam

wiio. ove miz \ acquire bo rut ix araiast te outside of t:e car, espreiall:

We ew angius a tire. DOE/NY,

Tt ts aggune* tat moillori g will ce aceommlis ed outside a ge eral

t
nritlatiy ftele. “beoretical cale.latio vg (Arpe xix ©) Ladieate tiat gana

dose race readi-ys tace: at fuur iG cs fro: a eurface will be 514, kot, and

ef! of those)’ a peter at trree feet a ove & equall, cottami.wted (ofinite

ficld wee. te radii of covtant wti.. are resrectivel,y 3 feet, 2 feet, a8

-

1 oOtees
,

“hese data @ioccst trat wees t-e gawma dose rate reading at four

duc.es fron @ ge erall: contaminatec car is a out one half tiat for an

Lifinite pla e ta.en at tires feet, 1 @ degree of co taninatio. per unit
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Anot.er factor to :e co7widerec Ls tat t.e pro abllit, of eollesting

fallout material o: t.e bod, from a cenerall. oo taniceted area in wich

oe lives ig grester tan from o.e's automo ile, On te otier sand, it “as

.oc. Mo'ed i te neat tat sigvtfioaentl:; (ir er amounta of eo-.tanmination

nave een found o te tires ad under parts of feders tia: on te remai-der

of te car, (Todo tedl., tis is a simple > anomenon of pieking up the

aciivit. fror tt: tp was.) Tf one were to oc acre @ heavily coctani ated

tire, sig 2fiea . anoun.s of redilaciive maticrial mip? aceumiate o. the

Saudis, and later « traceferred io te hair or ees °° & Simle re iu of

{ea cs ovr teore parts,

A compariss mig toe nade ere ¢ wee- rreommc ded maximum dose raics

 

for *i on perse nel acc te esta lishicg of levels of activit. for automo: iles.

‘.cre iso eo viovs dif’rre.ce, owevery 1. te firat case

te material is alread, on t.@ pergo. while in ice secend case cue tas to

i troc:ce te facior of pro abilit. of tracsfcr c* contamination (and to

wat de,ree) fran t.e car te t € | odve DOL, NY

"ue dose rates (meas rec as stated) in ta le IV would represent a out

eq‘sl co tani ation per uit erea for a oar as for ac infinite plan if te

car were ratrer uniforml. eontam aed. If t-e activity were coifined say

prioeipall, to te tires a.d under paris ef t.e fe ders, Ue dose rate reedi-zs

mirit represe i nearl, twiee t.e degree of costanicatio: One must weigh

tis coadition wit, te pro a iiit. tata tire will ¢@ e¢ aged efors the
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activity has decreased significantly.

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

ation per uit area due to the contribution of gamma rudiation from the

exterior of the vehicle. Om the other hand, contacination within a vehlele

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

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

active fallout may acewwlate in 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 te low levels plus

the fact that it is relatively difficult.to monitor such parts on «@ mass

besis, The uncertainties present in estimating possiblehazards from vehicle

contamination would not justify fine distinctions in monitoring the various

parts, A thorough cleaning, inside and outside, would appear to be the

best solution.

One of the obvious ways to avoid much of the probles discussed in

Folicy IV is to prevent vehicles entering an area during thetine of fallout.

This will not prevent the first vehicles passing through fran‘sizing up

activity on the tires frox the highway. It is believed, however, this will

not constitute such a troublesome problem and past experience has indicated

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

hed passed over the highway. Further, if vehicles are not present in the

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

insides of the vehicles,
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Feasibility

in the past, the criteria used for vashing cars has been 7 ar/hr, and

at e leter tine 20 mr/hr (remma), inside a vehicle. This resulted in washing

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

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

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

deen washed,

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

given had been predicted before the fallout, Righways #91 and 93 vould have

been closed prior to the fallout fron the seventh detonation and possibly '

highway 793 for the ninth detonation.

SOE/NY.
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data, however, it is not expected that under those eonditions of fallout

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

ustion, that the degree ef contamination will be a health hesard. (Sor

is it {rplied here that any level above this does constitute « serious

contazination of water, air, or foodstuffs.) Therefore, recomended

 

DISCUSSION

bates

Table Vi.a. lists the six locations: having the highest concentra-

tions of fission products in water sources Curing Tesbler-Snaprer, and

DOR/NV
for comrerative purposes the estinated‘theoretteal paxiwua gemma infinity

doses.
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Virgin River Irrigation Canal, Kev

Irrigation Diteh, 56 mi.no, of Pioche,fev

Lower Fahranagat Lake, Nev

Virgin River at Mesquite, Rev

Bunkerville, Key (tar water)

Crystal Springs, Mev (tap water)

QC ‘
ra

Concentration(ricrocuries eoretical axis
per miliiiiter extrapolate Whole-body Gamma
ed ic 3 days after detona- Infinity Dose

$4on)

8.7 x 1079 é,

4.5 x 10~5 0.15

3.2 x 10%6 2,

2.6 x 1076 2.5

1.2 x 10-46 7.0

"1.1 x 196 0.75

Bue to weather and to ettenustion of the gamva rays by buildings, the

whole-bocy ganna cose estinated to huve been actually delivered was probably

closer to one-half of the values shown.

The raximz: permissible eoncentration of fission products in drinking

water is § x low3 pe/=l extrapolated to three days after detonation. This is

considerec a safe concentration for continuous eonsurption.

hhereas, the monitoring of water sources is of value for docuzuentary
tealNY.

puryoses it should be recognized that the concentrations found nay vary

widely within «mall geographical areus and even at the same loention at

different tines (taking into account radioactive decay). Thus, confidence

eannot be placed in precise values. Table ¥l.a. sugrests that even if one

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

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

C
t
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sbout 52 tine: lese than the maxinun permiszible azsount. Norma) facters of

dilution by additional reinfell and/or by the influx of lesser contaminated
frgt Tetk

ground water vould. reduce the level of activity.

dix

Considerable effort has and is being made to evaluste hazards fron

sirborne radioactive materials, including fission products. There are eer-

tainly many unansvered problezs including the possible basard frem a aingle

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

analysis of the inhalation hazard, the mreponderance of evidence today is

that the external gamma hazarc fron fallout is the more liniting factor of

the twot. (However, see discussion on food contanination.)

During Upshot-Knothole quite complete data were eollected of concen-

trations of airborne activity en about 150 occasions in some 40 different

localities within 200 miles of the Fevada froving Grounds, These included

monitoring of all detonations. Histograms were nade of air eoncentrations

vercus tine efter detonation for 30 eecasions and estimates were sade of
DOE/NV

deses to the lungs. These data for the five communities showing the highest

alr coucentrution are given in Table Vi.b. The histogram for St. George (the

et
high[ats hour average concentration of fallout ever measured in a populated

aren) 43 reproduced in Appendix J.

 

#Acd Hoc Comittes Meeting. Washington, D.C, January 20, 1954.
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St. George, Utah se

Lincoln Mine, Kev 4.0 x 1074 l 1.5

Mesquite, Kev 1.7 x 197) 3 1.0

Groom Mine, ev 3.4 x 107% 7 0.35

Hioche, Hev 2.0 x 10~ 3 0.015

he method used in eatirating doses to the lungs is given im Appendix XK, Ome
essurption made was uniform: distribution of radietion whieh, ef course, is not
entirely accurate,

The criteria previously established by an 4d Hoo Jangle Pearibility

Corsittes (kashington, 5.C., duly 13, 1951}, for air coneentrations was

“at a point of hunan habitation, the activity of radioactive
particles in the atmocphere, averaged over a peried of 24 hours,
shall be limited to 100 mlerocuries per cubic meter ef air
(correspending approxizately to a ground level gama intensity
of 3 xr/br).

DOE/NV.
"The <4-nour average radioactivity per cubic meter of air, due
to suspended particles having jiaseters in the range 0 ricron
to $.G microns, shall not exceed 1/100 of the above; nor is it
desirable that any individual particle in this sise range have
an activity greater than 10-< sicroouries calculated 4 hours
after the blast.”

In the January 20, 1954 meeting of the 4d Eoc Connittee the basie

for recoumending the above air concentratiom was ciscussed. Eseentially,

these eriteria were selected by estimating the casa dose that night be

delivered by the pessing of a radioactive cloud. ‘ince there are better
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methods of estimating gamma doses anc since there are uncertainties in

evsluating the hasards of such tranuitory air concentrations as experienced

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

series indicates that the external gamza hazard is wore limiting than the

inhalation one, it vas recommended in the January 20, 1954 meeting to

strike from the record the past recomendations for maxizun permissible

air concentrations. It was recomeended that an air monitoring program be

continued for documentary purposes and for whatever value the data might

have in the future when new analyzes might be nade in the light of addi-

tional knowledge.

4 further discussion of the single particle problem may be nade.

In arriving at the reeommendstion “... nor is it desirable that any indivi-e

cual particle in this size range have activity greater than 10°* eicroeuries

colculatad four hours after the biast" a computation was made that the aver-

age radiation dose from such a particle to e sphere one-half a alllineter

in raciue woule be 3c5 reps.§ However, the conclusions may be misleading.

in the case of a single particle, relatively large doer‘ae delivered

near the particle and szall doses at a greater distance. Appendix L suggests

one jousible estimate of this phenomenon. The parazeters involved here are

many and difficult to evaluate. For example, how long will a particle rezain

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

It has been suggested** that in the upper respiratory passage 20—mleron

claneter particles are the upper limit of sise for deposition and that "Cilia

 

*:inutes, Meeting of Comeittee to Consider the Feasibility and Conditions For
a Freliminary Radiologie Safety shot for Jangie. L.4.5.L. May 21 and 22, 1951,

EEce3060, A status report. Sept. 15, 1954.(CONPIDENTIAi).
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swee; 4 to 6 cycles per second. The probability of « particle remaining

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

vanishing small. ... Protection will also be provided by the muous

lining which 4s itself renewed several times an hour." Accepting the

estinates above and rad metbods illustrated in appendices E and F, it nay be

conyuted thet about $3 reps would be delivered to the surface ef an imaging

ary stationary sphere one millimeter ts radius by a 20 micron particle (@¢.2°

steromerts)"ge doses Liat ‘be detivered closer to the particle but

with the relatively rapid movement of the particle, it does net appear

that large doses will be delivered tc a great muxber of cells. Maltiple

ex;osures might oecur from efiitional particles but again this risk 4s

difficult to evaluate.

Food

Considerable effort is being directed toward the study of eontam

ination of food froz fallout. One element of major concern is Sr™, It

has been estimated thet if one vere to subsist entirely onbyeeon froz

sceils containing about,one xicrocurle per square foot of Sr (1,000 pounds

of ealciun per acre}, that over a period of years there would accwmlate in

the huran skeleton a body burden of one xicrocurie of Sr°*, Soils taken

fror. ®

about Files fron the Nevada froving Grounds, now show a concentration

of microcuries per square foot.

 

*irivate communication, L. 4. Dean, U. 5. Departnent of agriculture,
Beltsville, Maryland, April 23, 195...
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(Although not of direct concern to the Nevada iroving Grounds, it is

of interest to note that soils were collected from the Narshall Islands

following the faliout 1m early sarch 1954. Appendix -| suamarizes these

date.)

A racent report® strongly suggests that contamination of leaf

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

is far more en Lspertant pathway of intake than by the soil-plant-aninmal

cycle, at least for those times of yesr when plants may be in a state of

growth to eollect the fallout. Further gndysis is being planned.

This same report* raises a new problem. Based on stated assumptions,

tie data presented indicates that doses to the thyroid from fodine radio-

isotope: may be a greater Lasard thanx Further, the rejort suggests

that for-tiose tines sfyear vhen intske of fallout. nstertalaayoon.by-vay-

2f-jeafs-surfaeec, the dose to the thyroid (delivered in a few veeks) may

be wany times greater than the theoretical maximus external dose. Additional

evaluation will be given thie problem.

 

   
#he: USAEC, Division of Biology and Medicine, twashington,
L.c, july 1954 SECRET)
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Disruvenwd chimeeffectivebiolorioal off-site

She5.ksacemOnPose)wieowes9teriedof an*vear.tote)

tie!four&SnoesancSaGeBeeOfexeees

If integrations of dose rete readings are used in estimating the effac-

tive biological doses, “awa table V may be used.

Tack. ¢

Multiplication Effective
Faster Elolocical

Maximum theoretical radiation
doge from time cf fellout tc Ble

15 days later.

Maximum theoretl¢s] tediition

dose from 15th da, te one w/e
year,

 

TCTali
(vest esatinasta of
effective biclogisal
dose)

DOE/NY

Beene pel y  

  

badges may be accepted with a eorregtion factor of 3/4 to account for the

difference between the dows reosived by the film bedges or dosimeters

{including backsoatter) and that received at « tissue depth of five

centinetera.
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2953 te follow. ¢ reco rendatio) wes sale,

"I. fs recomended, and found fo Le oi ¢ nformiv wii te present
uri elilea of determi inc permigai le exos re Liiva, t at for test
aporat’> era nel ve otal oc. garma exwsure ¢ lirited to 3.9r in
toirtec.. weersy @./ 4 ai te gace Miovre & a lied to t.e of fesite cam.
meni ries wit toe fart er qualificaiio: 4. t ¢ laiter case thas t is is
tc total fisure for te -ear, In general, | is imiies a single test
Grieg i. @.o. gives -ear."

O.t# aegis of t La reeosar cuiio. ad t © reasoning disoussced uncer

Pslic, I, t ¢ criteria for eatimacinm { e wosole ody geasa effective Lolovical

dost are sumearised f. Ta le Ve It wili e soted t ai t @ iolorical factor

inelrced usar Folde: 7 is omitted 1.. .alie Ve. In tc first case we are

desliig witn relativel if cosa te Pi me roosire evergpenc.: measures wot

tely g’’e Mant acarcs, Tiuis a sicuatloi were ove wishes ¢. eatirate al!

pertine $ faclora 2 ewniuallag ralie!. coma svethourm £ @ ma et ce

woe, Fi. preetseo ge, efoere recomeclng a errrge @ matio. trat may

presces greaver oro ieva, Tn < 6 case of folic~ VY ene ig conccrne. wit

relitivel loeerr do.-s 4dvri ¢ routine operat’. 8, Ti would oe di‘fievl: to

DOE/N\
Ov Foote a@ 4 t @ ore ac tins tua. weckl., coses Tor ge oral popula~tp "

tion. wa o€ | tevraied ac ta-@ int 8. o.e exposure without re alt. ad an

teotrrcad t.nt ao l.e. cose ree iwd over a period of a ear ma be acmin-

Lotp@éivel. red:cec eoarse of iclaical repair. . erefsore, the iole ical

fac or 4a ami‘ ted.
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The general effects of backecattering on measured radiation doses are

fairly vell established. Further, ‘mowledge of depth (tissue)-dose eurves has

advanced to « quantitative state.® Thus, there seems to be Little doubt that
a film badge or dosimeter vorn an the person wil) over-estimate the gaums

radiation dose delivered at a depth of five centimeters (asmued depth of

blood forming organs). A major faster in determining this difference is the

quality of radiation under consideration. (Gne report” desling explicitly

with radiation in a fallout field suggests a facter of about 3/4.

DOE/NV.

Netional

Jamuary 1954.
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Assume: Tine of fallout = 443 brs

Dose rate et B43 2 667 er/hr

Then:

ASSES!

Thent

Theoretical maximur dose from tive of
fallout to three hours later

Savings by retaining Indoors for
thres bours

One year effective biological dose if
personnel did recéin indoors during
the three hours (based on seme acsump=
tions contuine’ in section on evacuee
tion;

fey cent of one year effective bliolog=
ieal dose saved by revaining indoors
for the three hours

EXAMPLE YI

Tire of fallout ® R43 hrs
Doce rate at R¢3 & 667 mr/br

Theoretical maxidose from tine of
fallout to eight hours later

Sevings by remaining injoorc for eight
hours

Oe year effective biczlocical dose if
personnel did pot revai. indoors
during the eight hour: (based on sane
assucptions containec {in seetion on
evacuation)

Per cent of one year effective bicloge
ical dose saved by retaining indoors
for the eight hours

 

i1.H rT

0.65 r

~5.or

~1t

2.30 Tr

1.15 r

DOL/AGL
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Of Feta tose Rate at Tipth of eve, ‘iilgreme per
. . = , :al pps ot pe vey foe tow “ ‘
SP BIE CTPA GT? cat x Tro oye '

Assume: 1.5 ¥ev ‘eta (Mean encore = 0.5 Hev)
P= 20 cnt/ex

Sis ese mes a single saca @ sorption coe!fictent.)

R= Bo e}*
Mu er of @'a5 &: surface per ex? per sec.wWooure: Ko =

Za s 8 " dept. x
Fe g¢ a gorpii. . ese “Pielent
xs dista ce (eect uwicer consic: retio.
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a.” 7 }
Towoe F*
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a

wore: Boo cose rats ay cet 5

a mea. ence af fas

r fa Nf ae
por (Be eSOOO. ow 233 Me oescmon,

7

; Cod aS, + ' r a
Hy = 3.7 ¥ la, woere: CS activie oi mlerocuiles por ext

7 3 1465 ~ TON Mev/mae,
1.30 » Toyo je feYy.3t e LO-1) (07 jerga/eomsee

= Tw : rena/h.

or wB660 7 rece/. .JA.

- te DVUE/NY
aeee— wee 9% »

Lome 9 2 8D pofent® ( ata:
r= 5.L 4 Ww. se: °. = doar rat. at depth 7 om heme 4a reps

" rm

Oot actly... fom in pe

= (8.4){20)
= Lie roosfir

or = LOO reve/ r

Compartgs a eta fos. Fate Cops! r) at 7 M/er® te
S@ nh wos8e Hote Measured 1 Inf fis flelid at ~ mee

Fugt A ove the Surface

Aasumer aC po/en® ( eta}, eq civalest to
1 megacurie/m* (game)

hae ~ “

Shaw we “sROSE 6Owes$0 100 U' OL Paes
¥ ae & “Sone   
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The following data are abstracted from ex,¢ericental results, wherein

a thin paz souree prepared by soaking a filter payer in a solution of

phosphates, allowing it to dry, and then weasuring surface dose rates

with a surface ionization chanber.®

Thickness of source 9.6 ng/ex*

Activity of source 7740pale

Surface dose rate . 0.127 rep/see
457 repe/hr ‘

Dorage rute at depth of x centimeters oF«5x

~
ie Zheoret ically

   

R =sos (for ¥32)

Subst ituling abowe dates

nw 95 Noe72-5) (9.007) |go
Re
 

 

DOL /ty
2

= 7,0 C repe/br

let C® 77po/ex*

Then Rk» 7 x 77 a“
= $39 repa/br at 7 ag/er® (17°)

“nifecisExteral Zirkle, Raymond X. MeGrawiiill Book
Company, 1951.
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Excerize

ntally

Re 457 e 9.5)(9.
097)

= 427 repe/nr at 7 xg/ee* (7°*)

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

lates the experizental data froz a soures of 9.6 x2 em* to a tain source

{for coxperative purzoses) the two method: ere uithin 20%.
we
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Assuae: a. iosint source
b. 0.5 Kev beta anergy

e. ue 10 er*/an .
é. ‘Rate of decay follous t@)+<

The dose delivered af the surface of an iraginary sphere af distance
RK from « point source.*

(1) E(R) = Oy ome Pd

** grax
where: K(R) @ dose delivered at the surface of an

imaginary sphere at distance F
ES average energy of beta particles
C m total nuxber of disintagrations '

Substituting y: © 15ex?/ee /) © wase absorption coefficient
bBo e cB» >

Then: (2) K(k) 32,307 sghch
he girdis integration

ax
6.25te =~ wo

(3.a.) K(R) = mp x 19™ 2 Bilbiress
R« Disintegration

or

6.35 “1 te
(3.b.) E(K) = Qe x yo76 2 LOR. ; DOE/NYBlLlinegs

ke aisintegration

Equation (3.e.) is plotted on the attached graph.

Fol. PISSIGN PRODUCTS,

\ le ns ~1.2
(5) aAt

where: 4, = Jisintegrations per unit tine at time "a" after detonation
Ay ®@ diaintegrations per unit tice at one unit of tice after

  Siossi, Halle and Elite, Aall, "Distributed Beta cources in Uniformly absorbing
Media" Nueleoniss July 1950, ¥. 7, Bo. 1

az Dish

queiin: ot



Integrating equation (2),

(6.a.) CS Say (tyet = o70-2,

and

Led, -0.2_, <0,(6.b.)  €  SAgtT(t tat O02)

where: Cc @ # total nuzber of disintegrations from tine “a* to *b*
t, B tice efter detonation
%, ™ later tine after detonetion.

khen t, ie infinite,

(7) Coc = SAF

By the use of equation. 3.6. or 3.b, ani 6.t. one may corpute an

ectirrte” dove at the surface of ar toaginary erhere,

Cf course, the problen 4: the determination of t* and "t,"s 1.@.,

how long efter detonation will eo radioactive particle appear in the lungs

anc how lens will the particle recain in place, The first tine (t) is mck

eecier to astirate ther the later (t,).

(ee text page 53)
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2. -.ve Of particle: AD fs 1es

Letivity of particle: tei pe Alpe

~ « _ . ~ 14
Dore rate to 7 mg/‘eus 6,600 rage/ia 27,500 rads/pr

Tine dose delivered: ~m& juy. ~6 days
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we. wat speeifie activity of @ particie cf felis: woul, tc required to

déliver the sume dose in the wane lent: of ture’

Tie enzwer to thi: qguestior cerend. ujo: ve tine after cetonation

that tie particle eame: in contact with tre «ran. ase wing this tire

tc be EAB hours, the speeific activity woul Lave to be about 159 ye

for the same cise particle.

Sinee the particle me, be we:ied off before cilx cay. have expired,

one way cc lider the protia ancther way. what rust be the speeific

activity of 6 particle at bf3 hour. to deliver t: |. dose in the next

a4 DOUPST .

According to jtrandcut:t (p. 3), omly about 7). of a six day dose

neer be delivere’ fr one due. to produce the sane effect (erytheca).

aece;tin, thin, thea e particle with about tic sure activity (165 pe

at ff 3 hours would be cuffictent to deliver an erytnena dor in one
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Gamza dose rate readings at four inches distance Prom a plane surface

two {uohes in radius, is 1/40 that fron an equally contaminated infinite

field. (See Appendix D.)

Assume an object having a two-inch radius is contaminated om all sides

(but not rnecezsarily uniformly) so that the gamma dose rate is 1} tines

that from an equally contaminated surface whose area is equivalent to the

major crosc=sectional plane of the object. The fraction given in paragraph

one Row becomes sbout 1/27. Further asswne 6 1900/1 ratio 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.

DOE/NV

Unc!CLACCURIEDab ad



*
w
h
a
t

W
E
I
S
E
R

&
F
R
A
S
E
R

.

 
 

 
 

 
 

me :
w > a
t

wt
,

A

_
a

TE: MICRSCURT

GEORGE, -

 

 



 

The following assumptions are nade in estimating radiation doses

to the lungs.

&. Twenty per cent of the inhaled activity is deposited.

B. There will be no elimination of particles during their radio-~

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 pesk of

airborne material (which accounted for the greatest percen-

tage of total fallout) occurred only « few hours efter

detonation. If one assumer a radiological decay according

to t7)*< and a biological half-life of say 30 days, the

omission of biological half-life would not affect seriously

the computed total dose. DGEINY.

C. Ali of the activity is associated with particles in the

respirable range of sixes. last data from cascade

iy actors indicate that about 90% of the activity 1s associ

ated with particles 5 microns or less in the communities

surrounding the Hevade Froving Grounds.

D. The lungs are uniformly irradiated.

E. The weight of the lungs is 900 grams.

¥. An individual inhales 20 cubic meters per 24 hours.

[it ce a PATem

C =
Wan 1A 



 

gue

GO. Tne average beta erergy is 0.5 wev.

E, The gamma dose is neglizgitlie sorperec to the beta dose.

  

G At t

do dis Sis aX. we wi.

0613 - 1135 4.3 hrs 3 brs deli 15. 3.90

1130 = L446 3.< hrs — brs 2.3% 6.3 21.26

WUi5- 145 4.9 brs 11.5 brs 63x17 2.1 0.63

LEAS = 2322 he hers 252% bre Ask x 107 1.50 0.5

23% = 0635 7.5 bra 21.5 bre 1.4 x 107 0,087 0.02

#5635 © 1635 12.0 hrs 31.5 brs bx 10 0,15 6.03

®az cured

Samrie Calculations

Lm batghe? £6,2 eZ

Let: ty = 53 hour: DOE

t, 2 22°4 hours (13 weeks)
r 2pe

b= (5)(3 x 2.22 219% x 65)(3)Pe2 fyn0-2 & zreg~-F

=Z44% 1° disintegrations from 3rd hour to 13th week.

Accumet E @0.5 Mev
aveBe

(4.4 x 107) (0.8) (1.6 x 1076) (Se) (94 ) = 4.2 x 107 reps
42 mreys
 

Total Lung Dose for 13 weeke: ~~ 125 mre:s

ee Me ee maei 79



 

 

Ausuze: Average activity for 30 minutes 12 0.6 ue at FX43 te B¢3’ hours
(lose reference appendix bh.) ‘

Toes: 9.5 2 2.2 % 13° x3U 33.3 x 2! disintegretion:/30 minutes.

at surface of Imaginary sphere 1.9 mr in radius the dose rate is

2.52 x LO BASE (cee Appendix E}
disintegration

(3.2 x 107) (2.52 x ic™) = €.3x 10? mrers/39 min.
ow .

=o or6)8/30 mimk:

DOE/NY

Wweee
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Mejuit 1.1 2.8x107"
a2 ° Cr * {trued 3.2x2e71 Lixo 4

Raven 1.éx1072 ” 4.ex2077 2 | |
Wott 7.8x1072 1.3x1077 ons :
Ronyelap } .
(Northern) 62.9 1.0¢ 6K) *;

(Centra) bad 5.5x197+ 550 | .
(1 mi.W,Village) 5.0 $.3xio7 55) 4

DOE/NV__
(so. Cistern) 4.5 9.2x1072 699) i a. i

Eriiri;put 230.0 12.5 4,5 : a

Ex iwetok §3,.0 4.2 1,550 Leone ~—

habelle 200.0 Aad 3,300

Utirik $3.0 9.6x107* 6)

Biker 3.3 6.4x1972 250
Eniwetak B.0 6.6x107) 400

Sito 6.121077 9.6x1C~% 173
—- Zeentht ~~~F808

*41) data as of May 5, 1954, exoept island of Eriirippu where date is May 20, 1954.
~-#8etinated from conpatizen wht dose-rate survey readiness with Erliripru, Bichest

' £atiout on any telend measured. -
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