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The fo.iowing policies were estatllished afier full ovamsiderstlon for

the health and welfare of the public, both in terws of rudiclogical exposure

as wall as possiiie hasards, hardships or inconvenlences resulting frox dis-

ruytion of normal activities., They are oonsidered t¢ be sound guides to the

Test Megnager not only for protecting the health and welfare of the publlc but -
alsc in arriving at deciaions that would be morally and legally defensillie -

toe Atenic Energy Commission.

Two basic assuptions are mede in this report:

1.

It is the responsitility of ths Division of 2lologr and Hedloins

‘o estetlish such policies for the Atomic Zneryy Commissica as

Jessed nacessary ¢ proiect the healin and welfare of the
general populsos from consequences of weapons tests ccnducted st
the Bovada Proving Grounds.

Although the Divislon of Elology and Hedicine will gladly give
assistance and advice, the opersiionsl procedures iu?»w&vror
meetin; these policies shall be the responsibility of ithe Ssris
Fe {perations Cffice and the Test Menager, as directed Ly the

ivigion of Military Applications.

The following policies do not apply to domestie or wild animels since

levels of rediation whish would be significant would have to be much higher

than thosa speclfied hersin.
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The ratio:ale for talle Ia i as follows: ¢ ttal effective lols;t
dose t:nt woull Le received 1f evacuatio: wers ol ordered is ohviouslr a
 deter=i-lnz factor, Another consideratio: L= the faet t-si muc- an action
23 evacuatic eould be da-wercus to the fndividual:z s eould slso possirly
-¢ detripe tal to a ver; recessary national effort of weapons develorment,
Nne mist L e ag-, "Ju-1 ow mue will bte ga’ ed (radiation dese saved) by
evactation?? [stlwates of these two varia:lrs are indicated is tatle Ia,
us, a populace mA: recsive p to a caleulated I roeatgs:. effective *iological
dose ¢ . one vewe wittont dnleatl ¢ evacuatliony  fron 30 to Y0 roeatgens,
evacuatlc wh 1 te e cidered onl A7 at lesst 19 roe:tge..s coulc e savéd \
8¢, actiony ay &1 5 resnigens or irher evacustion wouls be incleated
wolwnt pepand to tor posul ie 8aviags in reaiisiio dose,
I ma<i-y a ror~ estizsic of radiat’s: doses, one mh; calculate &
tieoret.cal maxirm 1.0 ndil- gaums cone & 7 teen ar itrarily divide t¢o samc
. DOE/NY,
W oer suc as "2" for an esii'zie of dose Actumll; recelved. T ocrvas U is

g8 be zelisfecio: asz a first arproxizat oo, » more realistic esiizate should

-~

‘e mede, eprreiall W oen deall: with Joses ttat mis U ceastiiuie a erlt
cagard,

ine to the weessit of makl-y early meamure-ents and deelsgionr, 1t is
t: be expected trat dusreritic readi rs, taven wit. survey meters, will be t e
avallarle evidence &t ihe tires of coicer., “alm I s:irr* 13es (e parazrters

cons'dered 1- estimatf 5w effective “iolorical fZoze hagsed o1 dose-rate

readisgs,




Maxismm Dose

(Based on Attenuation Rffestive Efective
Best ksti- a8 v aand lialogh-l Biclegiocal
mated Rate ologieal eathering Dose Factor Dees
Iagter _ _Zastar  (Columm RxC) (GalusmixR)

From time of fallout

until time of evacu- 1 /2 1/2

ation

From tims of evasu-

stion to time of 34 34 1/aewe

return®

From time of retuarn
to & time 15 days 3/4 34 1/2eee
after initial fallout®e

From 15 days untll
ons year after /3 1/2 1/3
- initial fallout \ '

m@ﬁd,“nmmmmmbu@aﬁdm
the period of time selsoted. This .
radiation dose saved if evacua

EE

hummiquupuimowthapuﬁdh‘a haals on which te
estimate the biclogioal fastor.

*s2The valus of 9/16 has been rounded off to 1/2.
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At Later times after fallowt, bettsr estimates of radistion doses received
gy be obtained frem £11m badge readings or dorimsters, If these fila bedges
or dosimeiers are vorn on personnel and the svidence of their wse swpports the
viev that the readings aye a ressenably acourste acceuat of the radistion dese
recsived then the values recordsd e the fila badge er destmster may be scespied
with a correctica factor of )/k to scecwnt fer the &iffurense betwesn the dose
reseived Ry the filn tedge or destmster (inelwding becknoatter) amd that received
at the tissue depth: of five cemtimeters, Teble Ic may be wsed in estimating
the effective blologicel dece.

Froa time of fallcut
until time of
evrcuation

From time of return
tc 15 days after
initial fallout

From 15 days until
ons year after
initial fallout

A, ‘ ]
= 2 & reteckive  Rrrective
Bicioxleal Ptologloal
Fila Buige Dose Factar Dose
Filn Badge DRiological or Dosimster (Colam B (Celum A
Reattng  Fester = Cesrecties _xC) ~x35)
11 3/ 3/
DCGE/NY
3/ 3/ 1/
2/3 V) /2
TOTAL:
¢The value of 9/1 has been rounded off to 1/, |
"f"":‘*E};\"i r‘ py >0 e'; {
i : /
T .. ‘ S
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Tiscussio: of Y.e Niolortenl Factor: As lowyer periods of time are involved

1 the deliver of a yive: radiati, dose, lesser tivlopical effecls mm; te
expectad, From the time of fallout toiil the time of evacuation probably

will ¢ & matier of hours w.ic ‘a3 tec:. gonsiderod essentisll  an insta tan-
eous dose, 1.e., t' ¢ Liclogical dose factor ib 1/1. PFrom the time evacuation
could e acconplis-ed 1o time of retur:. provabtl would be a mmtter of da;s,

8o the !iological facior -a:s been estimated at 3/* From 15 da» after fallout
until one rear later is easen‘fiall,, a duratiov.. of one year, so t-s& biological
fictor nas ree: estimnied at i,/{. It will te m.«' L eTe is 10 caloulation

alfter oic vear, reca:sc ii is expocied u.xder actuzl e.nditions of radiolorical '

axt weat erin: t-at pro ably a0 significa-i dose will te delivered after a

sars time,

It is recorized t at t e precise quantiiles su; -ested for t e !iolor-
ical faclor c& . ot ¢ sorcorted b gooclusive avidenos. It is reasonale o
e:pect t at t e deliver of a plve: radigtion: dose over & prriod of man: days
w1l nave lens ‘sf-ulo'“icbal effectivensss L & an instantaneous one {nc leciliyw

BOE/NV.

senelic effects) ad L a8’ ¥.e exteusio. of ¢ e period to esrs tiallyr vwe vear
5 03¢ izld a 5tlll lower &i.:)iogi-cal factor, One niece of suppori:ve evidence
1z t..e work of “trandrvist® where Y-ray doses to ‘he skin vere fractlionated
1nt equel daih momts, and the tlolosical effects compared to & one treat-
pent dose. Am plot of total dozes versus days after initial treainme:nt
:ielded strai” t lizes, For example, the curve for sikin necrosis f:.dicated a
ratic of 300C/C707 roentrens for a one treatmeit versus 15 dail, equally

"ievert, Telf N, "Ihe Tolerance Iosc and the ?rcvention of Injurles Caused
. Toniging Fadiations™. &, v ., TJo.,, ./ ¢+ Tato:

B Y

VOJ.Q )., Dg s 36.A\q{t 1.}1)7 ,‘16"\ ) ‘ ) ’//
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freciis ated doscs, (f courne, {all’ ra‘is..c dosses rece'ved from falloul are

not equally fraciisnated so tha toe razio would @ in i ¢ direeilc of unity,

Ta~ by dav doses delivered from fallout from toe 15t da- 1o oue year Are more
nearly equivalen: t-an st early times {ig oring the wea! erinp facter). Strsadgvist
daia do not extend revend L0 darys s 14 13 quesiis a.ls to extrapolate his cate

i az attempt to derive a similar ratio as a.ove based o: one year, sgiace ot:er
unoeriai:nties are 0 preai, 1.0., effecis of weat ori ¢ as affecting t.e rale of doss

deliver;, ete, "he ratis would presums 1. te fart.«r from wmity t'&: for a 15-cay

poeriod,
‘ i
e i 13 relativelr rapidl; repaired orgarn aod thus say te:d to over
L]
er- aplse L.e @ wcts of fractio-wiiun wen gonaldering ’l‘ ole=edy parma c’.otses. '

Croikiie Peparts %7» i e dog, with co alt gawsa ra:s, ¢ ¢ dose t-at will kill
CCperce.: of + ¢ dops L & Lirty-fa; prerioc w ¢ dalivered in & 8: yle¢ Coar a1
ros 1015 o per ol uie 18 aprrocimetel 275 ro After ¢ {5 dose¢ ¢ radiaiio t:e
& .rmals Tecome 11 wit i 8 ;:erto:‘ of 7 t0 10 daxs a-d cfwat:,s occur eiwten e
e o8 twen! =717 da . Ympsorr ape, 1 .feellons, ad profound anumia are
proval:sat, IY ot ¢ dece L8 decrcass 1w Y00 roper da give . over a fourlerne our
per ooty tr 22t al come 1n L creancd to ©.0-"00 r, xler ot: conditisns, t e
aiecls dle is acuxipaiel: t.e sene pEriod of lime wil ddestlcal rodleststio s,
If 1 @ exnosure 15 dro od i 25 ¢ per Aay give: over & fourteew our period, t
let al dore 18 t en inersssed to well over 1200 r, ad ¢t ¢ s mptozt ad findings
are ¢ & . ed,” me pro. lex in sue’ experizoits is t.e evaluatio. of possi 11l

' DOE/NV.
181 ¢toainlsme te virtuail, dead w 11 t ¢ ex-osires are contimed, "-isx

21 e tilus:rated in exrerime .ts us. - 1t 8 urro were the dally doses of LOG,
20X a4 100 susatze 5 piven tu { ree separsaie groups required 3800 to LOUO, 2700
to 3200, a < 2000 to 20600 io:al roeitge s respestivel; for 100 per cent let alitv/ ¥,

* Medical Aspects of Eadlological "efmu. Cronki te, 2.,F, Leciure to Federal 7ivil

Tefease AdiinisiTaslo , Fegional .nference of kort .easter: States of ladicolorical
asd Cremicel Defense, New lork City, Gcio.er 22, 1953,

UoLA=P95, *c_u_g:mac o" t.e urrs 1 1200 r Fracil ol inole-"od; Oeswd Fa, hadiation..
YBi0y, "ede €% 81, June 10, 190k, ‘mcia’sllied.

U"’f Remnppm
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Taperime-cal drla reporied ' Toche are gurmarised elow.

Mo, 9of Tlose ner lose =T Survival 0lal Jose
18y ra (r} tog {r) Sime (T:ig) T
20 10 o 2l l}‘hﬁ
10 36 £3 2943

Hrfortuna tgly —m'ul survivgl times were 0! riven nor were t ¢ afes of t e
animala, ( 07./ ‘

flair®* Las ta:e: L' ¢ two points from “oehe's data, i:seried L.ese into
i *1a (Piair's) ecuation relating yeparable and irrecarstle dazage, The ratio
U 0 of iista.tansaus dese 1o 15 da; dose 1y 350/L50 or 0,32, and for L mo ths dose
L & o2t §525/35C or .67,
Blalir suprests t at "iie puinis are oo few 1o determi-e t.e coastants
(of v& egua:iv.) w.i a- accurac. ivi'gio .l at leaz! ‘e Lo the proper

B g6, Curever, ¢ e esrstauts of is equitic o ove ¢ egked well Wit mere

exte :sive da‘a o . 0' oy anizsls, "is equailone 1 dicale t:at the rels of ‘
;. f,L-f/-"va it M~y JE - )
recovir. of repara le 194vr., 1s fastest 1: te mouse, & oul onew.all as fast
ADOE/NV;

1 teral ada ont o emicvat a8 fast §0 t e pudl o ply &4 € do,, Ut &s
“lalr pel ted ot v reastlon 07 U e dog 13 more reprasentative of L. larger,

1o sere=lived 2 immls,

VG200 O sem:iam o i‘*opului ns of Anlexls exrosed W Joronie hoentyen
I.radia.ic .y OO e, Feile 1?&7- Mhaﬁi‘fi“do
'a-z . & anxlatia* of the ; {

e nm n‘ .
Paﬁ.i E Fiet

ndu L
~ '\,"'ruil



igeusaiet of L e ftepaiion axd Feet oprl ‘qh’,‘:?ac Lore  From Lae time of fallout

wniil t e time of evaguatio. Lt Lo expuetcd that peraonnel will e kKepi iIndoors.

(ee Policy I} Major losses dve o ozt ori 7 ca: m0' e relled wpoo dlyg
t 18 period, so t 3¢ t-e estlmnted factor is /2. Irum v e time evacustion
oruld “sve ’ee- aceomplis ed until v @ u.m of estimsind retur {: is assumed
v 8¢ perss;.nel will e 1idoors & cut - alf of eac 2L ours ad t.at mejor
Yos1es due to west crl g c& not e relied wpoi. T.s ovar-all ficter is i us
L.

Tre same reass. !-f ap;iios to L@ t ird period oF time, i.e., fros assumed
e of retirn o 15 dars after fallout,

Froe 15 da-s after fallo t until one year la‘tar it is estizated tiat ﬁne 1
prte matio. dur ty uildii e &< te effcets of weat er! g will yeild aa over-
2ll factor of 1/2.

Tosr ratsc readings have er taze wit wsurve: »elors outsicde ad inslde
T of rovi-a sround ¢ e Nevada Sroviy Orouddc after falleut ococurred. Thr ratio
of readiayn waricd wit f e tpe of csisiriction of t @ couvne Aaxd Wit t e
| | DOE/NY.

Iscat’ . wit 2 4L e wlldise, Oreerally, t e ratio of readlies outalde to
‘-eice a frams ~ovse war atout 2/1 wit & sooew at greaier diifcre e for
miwd I @:neirecidcc, P linited cuw er of film adres were placed outgide
F 8 % gide 0f 8 me "o dur & "um ler=S:8pper a»i! also "ta o'~ N0t ole.

In t @ first erse, t @ &if“vrece in tatal Jdoses wex age’ . 2 Lo 1 or greater
but furlog Ups ol=fnow ole o.l. alout a 0% dl ficresce was wisd., In fast,
i one csde duricg Yps obinoiole L.e film adge 1:.»ide read 'ig er L an
putaide, ' ¢ dilferences etwee. L =3¢ experime a4l date wiil .ave to - &

Lvestirated duri.y future operations.

18 A
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T e vVer. 3 ire @ t € wesl eriag wcor ma 3 L i3 & di. Iicv)! narem leT
to evsluate, o pro atllie ef oreurre ce of preciniiatiocs sax/or winds & d
1o wha' derrer 83 (0 € €5t miied as well a3 their effegis o redlation
levels, Leac iy affncis wre studied o 3. ila & on' 130 mlles from rround
sero wiare fulleon! ad oceurred durl g "psot-mo’ ole, lose ra.e readi gs
were §wiznifica 41y lower tha: t owe predisct d - radislogical deoay accerding
to t~2e2 arter a period of more t &5 one year, ne example of Uie effecis
of w als sl was o scrved during Upsiot-EKnot ole, 1u6 fallout from t.e
Yarg 17, 1793 cen. &t . was in & long narrm pattern to t:@ sast of grood
gero, e sroond Gay &fter fallout @ rai er sirag surface wi-d lew alzost
at rig.t ancles across toe aree, for a cut a perind of & day, lose rsle
rescdiogs wers taken oo v e first ad fourt da s 2t { e same locativ:e ad

NOL/NY

1oon wore ¢oxpereds 7o foucl cas dose rRYcy were less, 3 factors of t oree
1o siz, L & Uose f. @ axneetad froxm toe firs’ das readl £, eaed o0

rog o7 dega of 1= e@, (G4 er fellout measurere s f.lemed Lat the

ra‘e o feca n° t ta falle M crial vaz o alraf Plesntds Eiffarent

BEST Cory AVAILABLE




from t-1+2,) trcause of t.e poical conditlons described 8 ove, tiese
reduct’io s 11 contamisat.os prouati, &re ear t.e urrer limit to oe expected

from wind,

0 erational Feasi’ilit; of Criteria
It {8 not the inwent hers to discuss operstional procedures, but it
shouled Le 1 cated that t e computing of radiation doses as recommended
in Poller Y i3 a w0t too ¢ifficult tass, If one assumes & t"l’z rate of
deca; 83 & first a-nrorimation, toen assingle graph of dose rates versus
times after driowtion can b e consiructed that =il represent a 30 roetigen
effective ticlo-teal doze for one vesr, An additional family of curves can
ve made ¢ st will rrovide tre answers to L e paracciers of nowmach time would
1@ ave.la le Leore evacuation and of how lonr a tine personnel would "ave o
O /NY,

resain 0. o” t:n padiation area i3 order to wrovide for & ssvings of at
leas: 1 roenirens,

“he hirhest wiole-"ody gamma dose recorded for any locality where
perac-nal wore present outside ths Hevada Proving Crouads was at Rivers'de
Ca 123, Nevada (arout 15 people) following 3ot nmum.er seve. of Tum ler-

Snarper, e maximum theoreiical infinity garza dose was estimuted to Le

12-15 roe:trens,

¢
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A,

b &3

rersormel) ‘emaling Imdoors

then the gamma doae raile preadi-y as meas Ted ' 3 surve weler held three

fest & ove e ground reaghes t.e values give i in ta le 11 a: t'e tines

indicaied, it is recowsended L 2! perso el sall 'e reques ed to remain

indoors wit windows a2 doors slosed,

In e avent ¢ &t | ere '@ ou 9’1:103.% eviie ¢e tmat t & radistic. levels

ive: in t'e ta 12 will "¢ reac od, 1t is reco—c.led that rse nel e
s J

req €vied t- remal  indcors TOT " t-e failo! accurs or lefore t e

radiatis levels eq:al troae i Lt e iale, '

CABLE T1

i~ o Fallout Jarem Tow “ater 3L Time
ol ¥allout
1 tour B ROLAV.
2 haurs 1000
3" ot
L o» 500
5 = koo
¢ " 333
g = 250
10 = 200
2 * 157
gLk v 83

Telesae froc this restriciive a&ctio #:all ‘o wmwade o~ t-e .&3ils of

tep evaluat*ic s of ¢t e radiclogical eco ditlo o,

URCLASSIFIED o
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Ce It is reco-mended that people w o had e ovi-gf-dosrs during failont

af the & ove mar itude or greater e advised Lo coarre clotid ¢ and te

‘athe, "™Me ¢lat i mA e gleazrd norme’l Texns, Thile atoing,

special atiention 3 nuld .8 paid to t € nair a < &1 exposd paris of the

_ody
D. In t:e ave:t t-a! ve monitoring ta«es place Al " t.e falioutl has oceurred,

a4 ex‘repolstio: of .o dose retes readings equals or exceeda those

ta Jo TI 27 t e estimated time of fallout, t'e: 1t 13 recorme ded t'.at t-e

sune Advice e rlve as 1 ire preced. . parsgTath,

FOLICY IT
R

Perac-ncl “emal-ing Indoors

TISCTLSICK
e actio- of reguestiag personnel to remain indoors is predicated on
DOE/NV.

t.e principle t st t € racdiatio. levels are elow L .ose saisl lis «d for evaou-
siio: 8nd et t.la actio  could reduce t. ¢ smount of ocatasination of perso nel
8 d redivce somew at t e wolew od, parma dose, (Foe Aprendiz A for estimates
of reduetiv.. in w.ole- od: gari dose.) e act:al “savings" nealt: wise have
to ‘e 'alasced aralnst porsl le adverse pu.lic reactio:,

e principal gain in requesti. g persoriel to recalii indoors is io
preveul or redice t e anount af atomio de ris t at ma: actually fall o te
od. or elot Li7e 5ince t-e peak of fallout uguall oce:rs 8 ortly alter

the start of fallovi, it is &imorts © t.at pronpt deciaiuns ad scgtions he
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teken., Thus, by necessity, the most practieal eriteris upon wvhich to base &

decision are gamma dose rate readings, which are in turn related to the
amount of fallout.

Reka Doss To Skin

The most immediate solutiom might be to establish lower permitt_ed
dose rate levels st lster times after detonation. FRovever, if a series of
dose rates are established for increasing times after dstonation so that
their relationship follows t~2°%, then the dosss delivered in X hours
(bsfore the material is weshed off) will be grester for earlier times
after detonation. If one were sure of the time that the fallout msterial
va: to remain in place, then a scale of dose rates versus time after detone
stion could be made to yield the same total dose over the X bhours. Since
thers is obvicusly no set time period for duration of eontast that would
be valid for all cases, cns might sssume the worst case whers ths material
renains in place until its activity has decayed to an inu;nifltm level,
Dose ratez could then be approximated, to yield a given wméa;‘x, by:

D® 5it hers: D & infinity dose
A % doge rate at time ™%,

1f the above discussion is accepted, then the remaining question is to
set the infinity dose., Here, we must be clesr that vhersas the measurements
taken by the monitors, aad the data upon which action will be decided »ill
be gaxza dose rate readings, the point of principsl concern is the beta &oze
delivered to the basal layer of the epidermis (essuzed as 7 milligrans per
square centimeter). The retic of emission of beta tc gwmma is a function of

’Fﬁ'f’g ’ IPQ.'
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at a2 mive time afcer detonatlo 88 o!t es f ;-1 eia lized, Te

rearor:® suc-eats the followi g datas

“ime after deto Ation Be'e/ ara
72 hours 157/1
168 hours 154/1

"heae data werec o taioed from s cloud sasple, rat eor t-ar aclual fallout

me-erial, & d were a owasure of s.rface dox o a plagre ugl g 8 *dosime tere

type ‘eta-ra surfuce {0 :isatljo . ghapi ar.”

he met of of collecilic . au; eats %e ponsd 11it: tat L.e thickness
of maierial o - ¢ plug '3 mA. L@ leas tha 1 2’ to e expecled from tle
ot ot 0f fallout 1 & would e of cvwer w o e31l.81) g pro a llities of
'e@ . ur 8., ° is would rescli i a difiare .l & ular disirioutlo. of Uie
ctaa 1 Cluescins ' e ek dozo rate 1.1 & dirretin of a vig er value for
t e rlagues,

Anot er rc;uarf,l {'¢dicatca a eta to gase ratlo ol 130 201 asznd o

t eorelicsl co vtatin 3, A % oird rcv;,\or’,.z wyeo s & radicall: lew:r ratiey

BOE/NY.
gwever, UV ore ~& Lo sove do f az to 11z ¢> clusiuns since Ve Lo dzatio.

cham er wwoed to neayive factwas o 1, ad 8 wall t lciosss of 1 mm of aiell

Wile M,.. exeluded a mall port of tie total gewma dose prese i, ay well &

‘e

4

a larre, u! winow., fracils: o’ te eta,” (e range of 0,35 ¥ev ‘clas is

abot 100 q:/cn’ or approximeiel. 1 mm of batelite,) Tor our discu-sic: here,

we will na:ame a surfece bteta to gamta ratio of 150 to 1,

In estimal .y toe eta dode to the basal la . ur o t e epldernis, o.e may

refor in ine work of "enriguel»’. e ax-osed L e siin of Cheutey ®:{te pirs
wo=gle welentifie Tirector's Repor:, Annex GeSe "interureiglilsn o Survei-gmelir &

t'an'-f'i [:T i

1"in "gtinste o the Hels ive ‘mzard of eta &% CGapma 'xdiatlos rrom Flssion Products®.

¥y oos
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to rlagues containing different radiolsoio;es. Fertinent dats are abstracted

as followst
Surface Dose Recuired to Iroduce Lstimated Amount of
Recognisable Transepidermal Radistion That Fene=
Injury (Foemtgen~squivelent- trated Zxin to A Depth
lsotope . Roperxy.. bekal
Tttrian’s  1.53 1,500 1,200
90

Ttirimw™® 2,20

The average maximum energy of the beta partieles from fellout material
varies with time but will be assumed to be roughly comparsbls, in respect to
depth dose, to !ttrinmgl or Sr9°-19°. Since the gamne dose at & depth of
7 mg/ow? would not be significantly different frow the surfase gamza dose,
the ratio of 130 to 1 for beta~gamma vill be sseumed &t the basal layer of
the epidernis.

{One experimest wit: shesp, wsing Sr¥°-Y90 plaques, shoued that 2500
reps at the plaques' surface produced ulceratiom im one but net snother of
two sheer,® On the other hand, 1000 reds delivered to th?&rdcpth of
7 mg/es® from a F32 ons inch dlameter axw{wp of snimal net -um) produced

tanning, prolonged erythems and dcsqumtion.“j
It {s to be remembared that the above dizcussion was first bdased on

2uxfage gexxa dose rates vhereas the monitors will be making thelir gamma

#uCorrarstive Study of Expsrimemtally Froduced Beta Lesions and Skin leaions
in Utah Range S . lashbsugh, C.E,, Spalding, J.F. snd ¥als, D.B, LASL
Novezhar 30, 1953 (UNCLASSIFIZD).

#83,.33068 4 status report. Sept. 15, 1954 (CONFIDENTIAL),
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reacuresents at a height of three fest. Fast field experience has indicated

that the gamma reading from lonisstion-typs survey mstsrs st ground level
is sbout 505 higher than at three fest. Thersfore if it bs assured thet
s ground level gamms reading of a survey zoter is equivalent to a surface
dose Tate, the ratio of beta dose rate st 7 mg/em® to gamsa dose rate &
thres feot is adout 200 ¢0 1.

Another spproash to estizating the ratio of bets dose rate st 7 ng/ex?
%0 gazma doss rate at three feat is as follows, LAssuning & miform 41istri-
Wation of 1.0 megacurie per square zile of gamma astivity, the dose rate
reading from an infinite fisld is about 4.1 roeatgens/hour.® Calsulastions
given in sppendix B indicate that & like concentration of fallowt meterial
vill produes about 430 reps/bour at 7 mg/ce?. This suggests s beta te
gaoms ratis of about 100 to 1 which is sbout & factor of two lower than
the first approach. 4dded support to this latter method of estimating
bete doses 1s found in sppendix C.

Such oconsiderations may de fraught with pitfalls. Tor example, the
above discusaion inplies a uniform distribution of faggE&Xrid. Obviously,
thiz L= not correct but how far this deviatez from the facts and to vhat
extent this influences the results is difficult to assess. Calculstions
indicate that the production of recognisable beta burns from a single
particle requires & high specifie aetivity. (Ses Policy III for discussion.)
It m/::flbouanr, that the partisles of fallout are sloze snough %0 have
overlapping of radiation flelds and thus require significantly lower
specific sctivity of the particles to produce beta burns. This hypothesis
#rpffacts of Atomic \Weapons®, 1950

liels
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has support in that evea the most superficial bete burns of the nstives
exposed to fallout following the Mapsh 1, 195, detonstion showed a gensral
area affectsd rather than smll {mdividual spots, Om the other hand, the
oattle and harses exposed nesr the Nevada Proving Grounds showed hurns
over arcas only adout the sise of a quarter. Bven though thess mey not
have been produced by single particles, thay 4o represest lsas of an wres
offect tham suggested for the nstives. Alse, redioautograzhs of the fallout
in areas outsids the XIG suggest the comurrence of indivigdual partisles
with non-overlapping of radiation fislds, Hovever, in nearty areas vhere
the fallout wes relativaly heavy, there vas a definite overlapping of the
fields. |

WITE OUR PRESENT XNOWLEDGE IT SBOULD BB STATED TEAT DUE Y0 THE
PARTICULATE MATURR OF FALLOUT IT WOULD ROT BE POSSIBLE TO BSTABLISX
REASORABLE ARD OPERATIONALLY WOREABLE CRITERIA THAT AT THE SA TG
WOULD QUARANTEE THAT THERE JEVER WOULD BE AN o%wgtm;m.

If one vare to scospt the asmmed beta to gammm dose retes of adbout
100=200 to 1 (mesasured under the conditions given above), this wight mean
an infinity beta dose of 1000=200C reps to the basal layer of the spidermis
vhen the whols body infinity gamas dose wvas 10 roectgens, Of ocowrse, the
fellovt meterial mey be removed befere the infinity doss 1is delivered;
you, on the other hand, 1t is not Laprobabls that it could remmia iz the
hair for sssentially this length of time. Iz the aase of a one=bowr fallout,
alzost one half of the dose would be delivered {a the next 2{ hours.




The efficliency of a surface for eollecting and holding the fallout

neterial is important, It is not auwrprising thatthe highest dose rate
readings as well as biological effests were noted on the halr of the netives
and also on parts of the exposed body where psrspiration was presemt.
Purther, it was observed that even ome layer of light cotton raterial was
suffieient to pretect against beta skin dsmage in moet eases®, This was
due probably not to the relstively ssall sttesustion of the betas by the
elothing but rsther to the physieal situation of holding the radlcactive
material at some distanice from the skin, vhiesh effect would be relatively lsrge.

An added consideration is the pessidility of high deta doses
delivered to perscnnel from the falbub ;utnmmonmpomdund .
other surfaces. If the highest degres of contaxination :unsidered under
this poliey i sale whem in direct eontast with the skin, then the beta
dose from an ecually contaminated ground will not be hazardous. {lee
Policy 111 for' diseusaion on unequal contasination on persounel.) Eovever,
1t is true that the contauination may exceed the amount to dsliver dose
rates given in table II and yet not be great enough to oe:midfwwmmuon.
Some personnel may not go indoors and those who did vinﬂt;ll: be
relessed froz thi: restrictive sction end then may walk around in a
relatively highly contsminated area. Because of the more linited range ‘
of the beta, the location of greatest concern is the lower legs,

One report estimstes a beta to gamma doze ratc ratic of about 75
to 1 at 10 centimeters adove the ground.™® Under Poliey I it was recon

UlsCLASS! FiED D5
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; of a surfass for esllosting and helding the fullewt

asberial {s iapertant. IV 45 208 swrprising Watide highest doee rete
readings & well s Molagisnl offests vare noted ea e haly of the nstives
ad alse on parts of the enposed Yody vhare jerspiretisa ws presemt.
Farther, iV wvas oboarved that sven e layer of light eotten nsterisl ws
sufficient %0 pretest aguiast doba kin demsge in et cuses?®. Tais wms
éue predably aot o the relstivaly mall sitemuetism of the betas Wy the
alsthing bt rether Yo the Jigeienl sitestise of dellding the Fudicestiive
nstorial b sems distance frem A2 skian, Whieh offeet would be relatively lerge.

a alded csmsiderstion 1is Ahe pecaidility of high beta doses
dalivered to persemnel frem the falbut msterial lying eu the grewnd aad
other swrfasss. If the highest degres of asmtaninsiion csmsidered wmder
this peliey is safe vhen in direest esatast vith the skia, them the beta
dose frem ma oqually eontaminated ground will not be hasardeus. (Ses
Pelisy 111 fer diseussisa ¢a wmaequal scntamiration ea persesmal.) Nevever,
1 is true that the msateninatisn nay exesed the amsumt %o daliver dese
mamumndnmumwuwwmm.
Sems persennel nay mot go indeors aad theee Wbe did vill evextually be
relsased fros this restrietive estion end then may walk arewnd ia o
relatively highly eomtaminsted area. Bessmse of the mere limited rangs
of the bala, the lsestion of greciest csacar: is the lower lags.

Ome repert ostinates a bota to gamma dese rate ratio of sbewd 79
te l & 10 emtinsters abeve ths pround. ™ Jades Poliey I it vas resse-
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mevded that consideration be given to evescustion vhen the gamxa dose rate
reading st thres feet was, for example, about 6.2 r/br at R£3 hours.
Roughly, this would oorrespond to adout 460 reps/hr of beta at 10 centi-
peters. Of oeourse, this setivity decays and also it iz presunad that
personnel would be sent indoors, at least for a few hours., Om the other
hand, it strongly suggests that biolegically significant doses may be
dealivered to the feet if mot protected. Skinm lssions were frequent oa the
bare feet of the natives evacuatel during CASTLE, This probahly was a
oonbination of beta dose from zaterisl on the grownd and from that souffed
U} over the Lare feet and then elinging to the skin. (Bo lesions were

.
observed on the hottom of the feet, undoubtedly due to the thick epidermisd) av.la o

+o P Pr':,f,c‘ijv."l "y trpt Ftag weTér i o) gt (P F o tet S Eoan it /f;‘J ])
It wuld be axpected that normal elosed-type footwear (ss compared to /7

open sandals) would efford adequate protecticn to the feet from sush high
tete dozes as disoussed here. Thers is still no gusrantee that beta
radiation frox materiel on the ground will not deliver significant
blological doses to the askles and parhaps lover legs, after personnel
are relsased from staying indoors. For exampls, if the beta doss at 10
centimeters above the ground is 460 reps/hr at E£3 hours, it would be
about 190 repghr three hours later and 120 reps/hr six hours lster.

Cne further possibility is the sccumulstion of redicactive material
around the ankles and lower legs resulting froa normel walking about the

sarea. This 1s diseussed under Felicy 1II.




Rala On Dvpan Lxonures

The work of Henriguesl suggests that at the d e;th of 0.0 mm in
1iving porcine skin (maxizum thiekness of e pidermis) thet *1400 ¢ 300
roentgen-equivalent=beta® (delivered over short periods of time wo that
they may be ammed to be instantansous) is required to produce recognis-
able transepidersal injury. The arve of biological damage rises rsther
sharply so that st & dose of just wnder 2000 rep (at 0.09 am), the epldsrmis
z&y be expected to exfoliate and in the majority of cases go om to develop
chironic radietion dermatitis persisting for mentha.

Trhe rreceding discussion suggests that, using the gamma dose rstes
1listed in the criteria under this iolicy, shick are bazed on an estimated
10 roeatgen infinity garna dose, as high as 2,000 reps might be delivered
to the basal layer of the epideruis over & period of time eovered by the
lifetize of the radioastive material.

There hLave been instances vhare the ealeulated infinity gamze dose
in ereaz where personnsl were present around the Kevada Froving Grounds
Lave reached 12«15 roentgens but there have teern no known cases of beta
burns i{n thase arsas. The munber of persons involved &Ot[‘x/sl:cvmu of
highest contanination was relatively zmall, perhaps a fev dosen, and with
an obzerved duration of fallout ef adout oms hour it is possible that
they were mot in a position to receive the full fallout., Likewvise, minute
arcas of the skin may have bsen so affected yst not detected or reported,
In othsr areas encoxpassing some 2,000 peopls the infinity gexma dese was
about eight rosntgens and nmo instances of deta injury appeared.

1 gr.git.
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The ectineted vhole-lody gamea dose to natives evacuated frow the

island of Utirik following the Xareh 1, 1954 detonation at the Facifie
Froving Or ound was about 15 roentgens for a period of about three days,
but no beta burns appeared. It is falr to assume here that direot contam-
instion took rlace dus to their =ode of living including housing that was
quite open to air currests. Oeamae dose rate readings were taken over the
btodies of the nativez at sbout B plus 78 bours both on the beash and after
boarding the shir. Op the beach the persormel readings sveraged stout
20 mr/nr pamsa (but this probably included some contrilution froe the
ground contarinstion), and efter vading turouph the surf and doarding the
ghip trhe levels uversged 7 mr/nr gassa.

 The 12 natives on Sifo Island, Aflingle=ss itoll, recsived an esti-
. rated whale~body garca dose of 75 roentgens im ebout two and a quarder
days. Cf these, 1, leter experienced slight beta Yurms, 2, mdderate burns,
snd none showed erilation,

In the case of the Nongelar natives, the estinated vhole~boldy dose
was about 157 roentgens in sbowt two days. A1l &4 native: later exper-
tence” beta burn: to sore dscree frop =light to swere;'a;{éu'gz;‘ half of
trhe natives showeld e;llstion fro~ -light 4o cevere.

The 16 patives from Rongela; evacuated directly by air to Kuajalein
vad personnel gamra doze~. “te levels gemorally £0 to 100 mr/hr although
one var as high s= 240 »xr/hr and one es low as 10 er/hr (at K plus ahout
85 “ours). The remaining 45 native: evacustec by ship were reported to
have rersonnel readings that ";veragodv" & nr/hr before dsgontamination.

urcea A3l
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The picture 1s further confused becauss zome of the natives had hathed and

sor# had not before the arrival of the evacuation tesx.

Host of the 22 U.S. Service persennel stationad on Emiwetsk Island,
Rongerik Aitoll, received about 40-50 roeatgens, bazed on film badge read-
ings., Three nezbers af the group who wvere located for part of the tixe in
swther soction of the ialand were estizmsted to have recelved zomevhat
higher doses. Sevamtesn of the 28 personmal ahoved only slight super-
ficial lssions wvith one questiosadls case of epilation, It sheuld be
pointed out that the personnsl were in metal bulldings during some of the
fallout time and for most of the time thereafter until evacuation. This
reduced the direct contsmination ss well as the whole=tody gemma dose.

4 £13r badge hanging on the canter pole of a tent «t one end of the island
read 95 roentguns. Caloulatiocns based on dose rate readings st ancther
rart of the lsland indicated somewhat lower doses, 1f persemnel had
recsined in the open for the pericd of time from fallout (sbouwt ¥ plus
7.5 hours) to evacustion (&t about H plus 34 hours)., Upon arrival at
Xwajalein one jersonnsl garma dose rate reading was as high as 250 mr/hr
&t about ¥ pluz 35 hours. PUEINY,

The above cate do suggs:st that there ray be possible a rough
bracketing of gazsa-bets doves versus beta turnz., On the ans hand, the
netives from Utirik recelved an estimsted vhole-body gaumsa dese of 15
roentgens and showed no evidence of beta burns., On the other hand, the
ratives on Sifo Islund, Afllinginas itoll, received shout an estimated

whnle=body gamza dose of 75 rosntgens with 14 personnel shoving slignt

Ty
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burns, 2, moderate burms, 2, 2o burns, 3 with moderste epilation, snd 15
with no epilation., In additlion, Rongelap nativee receivad 150 roemtigens
whole-tody gorwm dose, end about 90% showed some degres of lesions send 548
soze degree of erilstlion,

It is to be recallsd that: (a) the natives probadly wers outwof-
doors and received the full fallout, (b) the olly hair, semi-naked pere
spiring bodies ineluding dare foet, and lack of bathing for most would tend
to collect and hold the fallout material, (e) the time of delivery of essen~
$ially all of the dozes was two to three dayz. FMurther, it may be specu-
lated that the fallout on the more distent {sland of Ptirik (adout 300
statute ciles) would consist of smaller particles and alsc psrhaps lesser
possibility of overlapping of radistion fields fron thess particles.

Soze of the relevant deta are summarized in table I1., Dus to the
uncertainty of the degres of sxposure of persomel on Rongerik to the direet
fallout, this group is not included. It {5 to be immediately emphasized that
any corparisons made or implied in the table are st the wst enlr sexi=
quantitative. Table II will be referrsd to in Policles 11T and IV but 4
included here as a rummary of the data discuszed above.

The data on animal exposures are less firz then those for humans,
Uaristakable beta burns occurred on cattle st Alamogordo ia July 1945, on
cattle at the Nevada Proving Grounds in spring 1952, and on horses in
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spring 1953, (The skin darage observed on shee; in the spring 1953 wac not

ectablished to be beta drrms.) Fowever, the axact rositions of the enimals
in relation to known smounts of fallout are not clear.

Polloving the last detonation of the sxring 1952 series at the Novada
Proving Grounds, about one half of a herd of 150 head of cattle were found
to bave ¢ _videnss of beta burna, They were thought Lo have beem 15-20 miles
froa ground zero in Kawich Yalley to the northeast and to have deen exposed
to fallout from the last detonstlon. (14 KT on a 300 foot tower) Righest
dose rate readings taken along s dirt road ruming lengthvise threugh
this valley, integrated to 75-10C infinity gazma doses.

During Upshot-Fnotiols, 16 horses showed skin lesions over the back
and eye daxage wus noted in a fev, The dest evidence indicated that the
horses vere some H-10 niles to the east of ground zerc on 17 Mareh 1954,
vhere the fallout occurred from the first detonation (16 KT en a 30C foot
tower)}. Radiation levels in this srea are not known with ccrtainty but
the fallout oeccurred in & narrow band and was carried by rcmtnly high
velocity winds so that St probadly fell om Lhe horses at & time less than
one hour. If 20, probably more than one-half of the infinity dese vas
delivered during the naxt day.

Sperational Feasibillty
Under the eriteria recomnended in Foliey II, thers would have beem
tvo occcasions in the pest whers persomnsl would have been requssted to
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renain indoors. Once was &t Lincoln Hine following the second dstonstion
of Upshotefnothole where tihey were so regussted to remain indoors for two
hours and the other oceasion would have been at RXiverside Cabins (pormlatiocn
about 15) following the ninth detonation of *he same seriees. The dose rats
reading at Lincoln Mine vas $8C mr/hr at Ef2. In the case of Riverside
Cabins, however, the radiological eonditions were not ascertained until
after the fallout had eccwrred. The maxisum infinity gansa doze in the
latter case was 12-15 roemtgena.

Personnel wers requested to recain fndoors (for sbout two howrs)
following the ninth detonation of UpshoteFnothole., The highest dose rxts
resding was 32C mr/hr at F plus 4.5 hours. This is less tham the current
recomnendat lons,

DOE/NY
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QAMMA DOSE RATES AT TIMRS Efa DETORATION WHEE DECONTAMINATION GF [ERSON-
od

NEL SHOULD BE RECOMMRNDED on Situation of Contaaination Existing

deivoh Large Areas (one-balf square foot or more) of the Exvesed

e ACter Detonation. W
Santaninstion Ogcurred
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POLICY III

Iacontanination of Iarzconel.

DISCUSIION
Gwaeal

The sstablishing of degrees of umdesirable contamination on persomnel
is based principslly on occnsiderations c;r the beta dosze to the skin. h-onr an
operational polat of viev, probsbly the most practicsl method of estimating
the beta akin doses is from gamma readings taken with survey instruments
even though the evaluation of such measurerents is gifficult.

I'ersonnel monitoring may be considered under two classes, i.e., those
teken outsile a radiation field snd those within. In the latter case it
would not be possible to establish prier eriteria as to the relative con-

ributione to the zeter reading frox the contanination on the person and

froz that on the greund . If it is imprastical to parform E.{;m monitare
ing outcide the contarinsted areus, probsbly the best solutioa is to estimate
the degree of personnel contaminetion by determining the location of the
individual during fellout. The discussion under Policy II suggested that
ever if one were out-of=doors during fallout in an area vhere the whale=body
infinity gacma dose was 10 roentgens, there would be relatively littls chanee

of beta burns occurring. However, based on general princirples of redueing

Z!? F!‘ A‘ﬁk Y e e
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radiation sxposure wvhensver possibls, bathing and a chenge of elothing gpight
be sugzested for situations vhere the whole-body infinity gaume dose ves

less than 10 roemtgens and ghonld be recczmended for areas whers the sxposure
is highar,

2aka O _Ruzans..
In tabls II 1t was suggested that the relative aversge gemme dese

rates from sn infinity eontaninated field at three feet sbove the ground
compared to that om the natives measured by a survey meter held alose to the

body wvast
m.n%‘i 7/1 (Utirik atoll)
15 m=r

= 2/1 (Atlinginae atoll)
53 ar,

% £ 16/1 (Rongelap Atoll)

It is recognised there are nany uncerteinties in sstissting sush a
relationship by this means. FEven if one aszumes the dourtu readings were
taken accurately the factors involved, espeslally in nﬁ&éu the smount
of material ecollected and retained on the dody, certainly are not eonstant.
The nigher ratio at Rongelap 4toll might have been dus to a physieal
phonozenon whers the quantity of material falling per unit ares vas so
great that it was not retained so completely on the body. Even if this
explanation is accepted, there still remain many questionas.

Theoretical considerations indicate a gamms dose rate ratio at three
fest above an infinitely contaminsted field to that at four inches from an
squally eontaminated field of six inch radius to be about 7/1. (See Appendix D.)

&'z
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The sizes of areas and distancer fros the surface: were selected inde-
pencently of any of the informstion on the fallout on the natives discussed
above anc were estinstes of area: of contarinetion and distsnees of menitor-
ing thet srreared to be recsonsble esticates of tlieze Larsmeters, The elose
agreenent between the gamma dose rate ratio: bassd on theoretical comsidera~
tions and those observed with the nstives iz circumstantial., PFer sxampls,
&n equally econtaninuted area of three-inch radius would yleld a theoretical

rincly Fiete
gaxna dose rate ﬁt times less then the selected ares of sim-ineh radius,

Ir the caue of the ratives, however, it 1s bellcved that they were semi-naked,
pere;iring, and out—of=door:s during the fallout so that it !s mot unreasonable

to expect relativelyr large area:z of ti:s body to be contanineted. In fact,
this war noted when they were ronitored., By their acts of walking around
dgurling the perled of fallout and sleering on mats thst were heavily contexine
eted it would zeex possible that significant areas of the bodiea of the
4ilinginse and Vtirik nativesz could be as heavily contaminated as wes the
ground, (It is unknown if there were sufficient winds t_‘hd.waaight have
relield the raterlal frox the ground to the body after taii](.)ol;;émo‘gcmod.)
There 4z further uncertainty of vhat is meant by the monitor's report

of "uverage" personnel reading:r. The dose rate readings in the hair are known

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

It ic unknown how these readings wvere "sveresged®.

Whereas theze dats certainly are not firm enough for ons to place great

confidence in the precise quantities of the rstios of 7/1 or £/1, they do

3
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indicate the obvious fallacy of acce;ting = lo-roentgen infinity dose based

on gazms dose rates messured on personnel outzicde the radiation field., Yor
exsx;.le, the natives from Allinginas showed personnel dose rate readings
that would apjroxicste nine roentgens (gumwa) in 2. days and yet skin damage
to some degree was evident in 14 out of 16 of the personnel. On the other
hand, the natives fror Utirik showed mo skin damuge with an estimated 2,2
rosutgens in 2} dayr based on gampa dose rates measured on personnel, The
uncertainty of these data was discuazsed under Policy I1. They do suggest,
however, that if the ocontamination of & relatively large area of the exposed
body produces less than one roentgen infinite gamva dose as measured by a
survey neter held four inchez fror the surfrece there is s large jrobability
tlat betz burns will pot result. (See also discussion under Folley II.)

TRe N

Wnen the same doze rate reading is yroduced &t 2 given height above a
surfuce fror & smaller area, the amount of contenination per unit area i=
grester (other factor: being equal). Therefore, it would sess deziradble
to reduce the recozuended dose rate levelsz whemn rcl&tinlyr small areas &re
invelved. It {5 recognized that radiation from another ga(g-il:{;l/pot x4y Con=
tribute to the survey meter reading when monitoring s =msall ares on parsonnel,
but this has not been teken into sccount, firast because of the diffisulty of
establirhing a prior appraisal of this variable factor end, second, whateer
this contribution may be it will now become an adied safety factor,

Cf ocourse, the problem is still conplex because vhen oconsidering

snaller and sceller areas the eventual end point is a zingle particle,



in estizate of beta doses at the swface of an imaginsry ephere surrounding
& fallout particle is givem iu Appendix E and an estimate of beta doses froz
s single particle required to produce recognizable srythema is presented in
Aprendix 7, Calculstions indicate that the speeific activity of some indivi~
dusl partieles found in fallout would be great emough to produce recogniszable
erytheza if keld in contact with the skin for less than one day, yet the gamas
dose rete reading st 4 inches may ds quite small, (Ses Appendix G.)

Additional tnformstion on dezes from individual particles has recently
beer rejorted®. The particles found in snd around Eanford eonsisted prinei-~
pilly of thres radioisotopes, Ruw3, Rul06 ang its daughter Er1O6, The data
and ealculations in Appendix E also strongly indicate that a single fallout
particle could produce & recognisable srythems,

Conkaipation of Clething

In the cuse of contanination of elothing, higher dose rates might be
tolerated than those for exposed parts of the bdody., This was evenplified
in the natives where no beta burns were observed under slothing of the most
kighly contaxinated porzonnsl. (This does mot include such arsas as under
the walst line where material apparently collected and was %:0‘161:: placs.}
On the othsr hand, very large increases in contarination should not be tal-
erated since it ls posaible for the etlothing to be rearranged so as to bring
the eontarinsted surface in contact with the skin, Purther, it {s not
unllkely tbd. one mey rub his hands over his clothing and then through the

:“

halr vhere i.t cauld be held im plase for relatively long periods of tius.

#3306, 4 status report. Sept. 15, 1934.
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A further conalderation i the bets dose to the hande resulting frox

handling objects ocontaminated with fallout material. aslthough rome datu are
available on bete burns fron hendlin: radioactive objects, the conditions
are so0 different from thoss azsoeiated with fallout that coxparisons proba-
bly would not be valid.#

If the above assumptions and calculations are correct soncerning con-
tazination of a general area from fallout, then the transfer of sll the
radioactive material to the hands froz an object of equal srea would not
constitute a husard. Thus, one might consider using as criteria for mon-
itoring objects, the doce realings givu; above for monitoring personnsl .
ouivside the general radistion field,

' =™~ Euwever, the problem is more complex since the hands may come into
contuct with contamineted surfaces many times larger in ares than the
hende, with an undetermined percentsage of activity beiny transferred to
the hand:, Of course, an added uncertainty is the frequency of vashing of
the hands and/or the rubbing gff of the material frow the hands.

Furt.ier, one might apeculste that a given surfaoce wulﬂ have signifi-
cantly higher contarination than the general ares and gg:t/ﬁh‘g handling of
such & surface could constituts & grester risk, Thies might be trus because
of the grester azount of activity transferred to the handes or because of
the doses delivered during the time of actuslly handling the objest. The
uncertainty of the percentage of tranzfer of matsriul has been mentionad,
Cne uncertainty in the seeond case i: the length of tinma the object would

be handled.

¢"Reta Ray Burns of Fuman Skin®, Kn=pwlton, st al.
Apericen ciedical Ascoclgtion, V. 141, Fo. 4. Sept. 24, 1349.

T < oer

?— AL



o

Based on ealenlstions in ippendices B and D, whern &n object ia held
in & hand, a rough estinats of the retio of dose rates of beta t0 the basal
layer of the epidernis to that of the garra reading on s survey meter held
four inches away frox an object two inches in radiuz (cutside a general

rediation field) is 2600=5200 to 1. {ippendix I) Thus, if this objeoct were

eontaxinated with the same activity per unit srex that would produce a
10=rosuntger whole=body gauma dose from general contamination of the area,
1t would produce about 77 mx/hr gamus at four inches svay at Ffl hours,
and about 200-430 repc/uour at a depth of 7 ng/es’.% Since the palns of
the handes have an approximate epider=al layer of sbout 490 ng/oanz the deta
dose to the basal layer would be about 135=27C reps/hour. (The tinme of
F£l vas selscted to shov about the kighest magnituie of dose rates,) 1If
ona assune: that the Jecay s eccoriiz; %o t‘l'z, then the total beta
dose to the bazel layer of the erifermi= in the next 10 bhours would be
stout 250=50C rer:,

Wkerear the above estinmates do not indicate an alarming situstion, a
more serious problen may coms whem the contamination is 3!5‘;\{;?35’ than that
wvhere evacustion is indiocated., Yor exauple, the oont&mini:i; ‘;} the general
aresa vsy be five or six time: that uced as an {llustration in the preceding
paragrazh, without evacustion being recommended., Thus, beta doze rates
from handling objlects, especislly in timcs soon after fallout, mey be high
enoush to be & prodtlen, A simple and expsdient procedure to reduce this
factor 1= frequeant washing ef the hands after handling oblects that were ir

the fallouwt.

#These nusbers sgree falrly well with the computations in "Beta-cantact
Hazardes issociated with Gaxma-rudistion Measurerents of Mixed Fission
Froduets"., Teresi, J.D., US¥RDL-383 (COMPIDENTIAL)

ULCLASCIFIED
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It wes suggested in Policy II thut normal clozed-type footwear (as
conpered to euch as open sandels) would zrobubly afford adequate ;&*oteetion
sgainst significant beta doses to the feet fror fall-ul zsterial on the ground,
Thers {2z still the added problex if the vazterial be seuffed up and ¢ling to
the ankles and lower lags, If thers were no interveming clothing, or
perhaps even with thin stoekings or soeks, this right result in significant
blological beta doses being deliversd to these parts. TFor exauple, if the
guwza dose rate reading st BA3 bours vere soxmething less than ﬂtmntg‘m
per hour, svacustion would mot be indicated, Nowever, for fallout material
of the same concentration in eontact with the skin the beta dose rate at
7 mg/c:? would be about 600 reps/hour. (Ges Appendix B.) TFresurably, pere
sonnel would be kept indoors for a fev hours but upon release the approxinate
bets dose rates at 7 mg/ca? would be 260 g/hr thres hours lster or 210 r:c/hr
81x hours later. In addition, there is the variable factor of what concen~
tration off lcmgterig.l wasy acourulate in the ankle region L)y()\i;l/l\i;ng sround
BT &res,

i concentration of fallout material on the grourd that would result
ir shout 20 roentgens ruxisuz theoretical infinity ganma dose, if in e prtact
with the zkin would result in & beta dose rate to the basal layer of the skin

of about 1/i "EEgls thoce indicated in the previous paragraph.

UliCIASSITIED
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Lesd Chry VA A
Poad tlocks were esta:lished o. i ws.a ¥3 a:d 71 follawi-g shotls
o er seve and nine of Up xrol-"mothole, “he g osl readig on a private
eutomotile was 100 mr/ .r (garma) inslcde & < 110 mr/ir ovtside at X plus 33j
noure. About 75 cars were wamed (rouztlr 1/° of t e icial mo:dtlored).
Ail of t'e cars t a! were waz.ed e:838pt U e ona mentlo-ed 2 ove, had outalde
dose rate read! gs less tha #alf of te Lig-est, "¢ ratio of dosc rate
readi ;s on t e ont #ide of t e oar to {nside varied frox u-di. to avout K/l.
Protatl os of t e imnorta i factors here is tie dif crece "etwee drivi g
w t windows a-d/or ve-tilators opencd or closed. ~“ae us read 250 mr/tr
o.t3ide ad gverare of 100 mr/-r 1r.sids. wit a “ip 4inside readi g over t-e
rear seat of 1L0 my/ r &t plus ° 3/L sours,
Consicdering t e amount of time o @ normall: speuads 1. &n automo ile,
tiese dose rates do wl WCESSArily represe-t a “call. tazard o terns of
ga aa coses, #ha* ig pro ably & more limitl g facior is the direct contam-
Mtio . ote mi7 L asquire b rut Loy saralast U e cutside of {:.e¢ car, especiall’
we cagiy & tire, DOE/NY.
1t i3 sasunet voat moallori g will te accomplisted outslde a ge arsl
rac.gtio fiel?, ‘ueoreticsl caleuiatisng (Arpe xix ) indicate tiat garma
done rate readi rs tacwe: at four ;G .c3 fros a surfagce will te 517, L2Y, and
27¢ of trose ! v @ peier at trree feel g cve A egally eortamiated {~finite

ficld woe . t.e radi!l of co-tax! mti:. are res-ectivel: 3 feei, 2 frel, a8

(]

1

o0,

+ Y

"hese data ooent that weey t.e gara dose rate readiog at four
i-c.es fro~ a ge erall s contaninated car is & out ore hall t.at for ax

1ifintte pla ¢ taxen &t threo feet, L @ degree of co.lamiratio: per umit

AD



e,
arce will be abot equaly ax! vhen U.e w.esls are - elng mniv.orcd% to 1/L

of a gaza dose rate readi g will represe:t equivalent cor:ta:airatiou.{~3-_;c'tm5w/

- pa
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Asict .er facior to le ¢oisidered i3 1 at t.e pro.abilit, of eollscting
fallout maierial o, L.e bod, from & peqerall. oo lani-sied area ino wieh
o lives is grester tha from o.¢'s autowd ile, (n t e oticr zand, it -as
cec. noted Lt e 68t tat sig ificentl: ! i er arounis of es-tamination
have cen found o tee tires ad under parts of fe-ders t:a: on t e remai der
of L e car, (7 don tedl:, t-is is a simple p anomenon of picking up the
aciivit: from v - i owa.,) 7T pae wore to ¢ 2 r0e R heavils eontami cated
tire, sig Zfiea ¢ anounts of recdioactlve meterial mipt! gceumlate o the
hadz, and later ¢ tragferred io L e halr or e es . 8 simle rv lgg of
{ & na ds gvir t:one pArtS,

A comparisy rir t e nade “8re ¢ wee” rreomme ded maximan dose ralcs

[P

forx oo perse nel a<d t e esta lisghi:y of levels of activit: for avlowor {les.

“.ere 18 o e 0 viavs diffrre-ce, howewvary 1. t. e firat casze
t e material i3 alread, on t.o perso . while in i:e second ease coe has to
i irocd:ce t e facior of pro abilit, of trassfcr ¢f sontamination (ax! to
w at deyree) Trosm t.e car to 1 o€ ' odr, DO, Ny
“hie doar raten {measuriC 89 stated) in ta le IV would repreosent a out
egul co.tam! ation per u it area for a4 ca&r as for ao infinite plaine & e

car were ra‘r<r uniforzmly contast wied, I tve activity were conflined say

rleinally to e tires &4 uader paris of tre fe ders; { e doss rate readl-gs
P ] P »

mlht represe 1 nearl s ‘wice .o degree of coitaniatio:, Dne zust weligh

tois coadition wit. t e proa 1iit, V.ot a “ire will e ¢ a yed ofors the
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activity bas dscreased significantly.

A given dose rate reading inside & vehicle may rerresent less contamin-
ation per umit area dus to the ocontribution of gamma rudistion from the
exterior of the vehicle., On the other hand, contuxination within a vahiels
wuld xore probably be picked up by perscznel than if {t were on the outaide.
Further, it is recognised that significantly high concentrations of redio-
active fallout may accumulate in such parts as the air filters of an
automobile. Again, this has to be weighted against the probability that
they vill be handled before the activity has decreased to lov levels plus
the fact that it is relatively difficult to monitor such parts on & mass
basis, The uncertainties preseat in estimating possiblehaszards from vshicle
ocontamination would mot justify fine distinctione in monitoring the various
parts. A thorough cleaaing, inside and outside, would appear to be the
best aolution,

One of the obvious ways to avoid much of the jroble= diseussed in
Iolicy IV is to prevent vehicles entering an area during “’ﬁm of fallout,
Triz will not prevent the first vehicles passing through fi:;lj/;cxm up
activity on the tires frox the highway. It is believed, however, this will
not econstitute such a troublesoms problem and past experience has indicated
that the activity found on the tires noticeably decrsased after several cars
had passed over the highway. Purther, if vehicles are not presemt in the
fallout it will help reduce contamination of the passengers sad of the
insides of the vehicles,

UriLaesimep



Qrerationgl Fesgibility
In the past, the criteria used for washing cars has been 7 mr/hr, sad

st & later tinme 20 mr/hr (femma), inside a vehicle. Thls resulted in washing
sbout 75 ecar: (roughly 1/8 of the total monitored) following the seventh and
ninth detonations of Upshot-Knothole. Under the recczmendations givem in
Poligy IV, the Dus mentioned sbove, bBut probebly none of the ears, would have
been washed,
The data given {n table IV.b, indicate that if these radlation levels
given had been predicted before the fallout, Righways #951 and 93 would have
been closed prior to the fallout from tho. seventh detonation and possibly | '

highway §93 for the ninthk detonation.

2OLE/NY.
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data, however, it is mot expected that under those eonditions of fallout
vhere the radiation levels are belowv thoss stipulsted for possibles evao-
ustion, that the degree of contamination will be & health hasard. (¥Nor
is it ixplied here that any level ahove this gdogz oconstitute & sericus
contazination of vater, air, or foodstuffs.) Therefore, il is recommended

DISCUSSION
st
Table Vi.e, liet: the six loeations having the highest concentra~
tions of fission products in water sou:rm during Tusbler-Snaprer, and

DGE/NY
for comperative purpozez the aat.’uaated thoorotlea.l paximua gemma infinity

doses.
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¥irgin River Irrigation Canal, Rev

Irrigation Ditel, 56 mi.no. of Ploche,¥ev
Lower Ishransgat lLake, Nev

Virgin Riv& at Mesquite, KRev
Bunkerville, Kev (ta; water)

Crystal Springs, Mev (tap water)

¢

-

Coucentration{ricrocuries carotiul Kaxizus
per milliliter extrapolate Whole~body Garma

ol o 3 days after detona~ Infinity Dose
Ldon) \

B.7 x 1075 6.
4.5 x 105 0.15
3.2 x 1076 2.
2,6 x 1076 2.5
1.2 x 1076 7.0
1.1 x 1076 0.1%

bue to weasther and to sttenustion of the gemwa rays by bulldings, the

whiole=boldy gamma coze estimatod to

have besn actually delivered wvas probably

ecloser to cae=half of the values shown.

The parirsur permissible eoncentration of fission products in drinking

water 45 5 x 10™3 )xc/ml extrayolated to three days after detonstion. This is

conziderel & cafe concentration for continuons eonsurption.

hhereas, the moaitoring of water sourcea i{s of value for docuzentary

LL/NY

pur;oses it should be recognized that the concentrations found nay vary

widely within small geographical arex: and sven st the same loeation at

2ifferaent tires (taking into account radicactive decay). Thus, confidence

cannot be placed in precise values,

Tetle ¥1l.a. sugrests that ovem if ot

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

and subsisted entirely on this for a lifetime, the ooncentrstien would be

1
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shout 52 tiner lesz than the rmaximum permiszible amount. Normal factors of
dilution by additional ra.infan and/or by the influx of lesser contaminated

R N )

k
ground water wvould rodu';o the 1m1 of activity.

Alx |

Considerable sffort has and is being made to evaluste hazards from
airborne radiocactive msterials, including fission products. There are eer-
tainly msny unanswvered problexs including the possible haszard from a single
jarticle in the lunga. Despite the uncertainties and as yet incomplete
anslysis of the inhalation hazard, the reronderance of svidence today is
that the external gamma hagzarc frow fallout is the more limiting factor of
the two®, (Kowever, ses discussion on food eontaxzination,)

During Upskot-knothole quite ooxmplete data were ocllected of econcen~
trations of airborne activity on about 150 occasions in some 40 different
lecalities within 200 miles of the Eevads Froving Grounds, These included
monitoring of all detonations. Histograms were nade of alr eonsentratins
vercus time after detonation for 30 cccasions and estizstes m‘ggdo of
doses to the lungs. These data for the five communities shl;?il;é F‘kam highest
alr coucentrution are given in Table YI.b. Tre histogram for St. Georgs (the
hiﬂf/{%iz, hour average consentration of fallout ever messured in a populated

srex) iz reyroduced in Appendix J.

*: Poc Cormittes Meeting., Wwashington, D.C. January 2C, 1954.

Ug”’? ﬁcmarrg
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St. George, Utah 1.29 ¥ /Y 3.5
Linooln Mine, Kev 4.0 x 1073 2 1.5
¥esquite, Kev 1.7 x 1071 13 1.0
Groam Mine, Bev 3.4 x 1072 7 0.35
Fioche, Hev 2.0 x 10~< 3 0.015

e mathod used in estirating doses to the lungs is given In Appendix X, One
essurption made was wniforn distridution of rediation vhieh, of courss, is not
entirely acourate,

The eriteria previouzly established by an id Hoo Jungle Feaxibility
Corzittes (washingtom, D.C., July 13, 1951), for air coneentratione was

"At a point of huzan habitatiom, the activity of radiocactive
particles in the stmeiphere, averaged over a peried of 2/ bhours,
shall be limited to 100 microcuries per cubic meter ef air
(correspending approxizately to a ground level gamua Intensity
of 3, =w/kr).

DOLE/NY.
"The <i-bour average radioactivity per cubic meter of air, due
to suspended particles haviny iiameters in the range O micrun
to 5.0 microns, shall not exceed 1/100 of the sbove; mor is it
dealiratle that any individual particle in thils sisze range have
an activity greaster than 19=< sicrocuries caloulated 4 hours
after the blast.”

In the January 20, 195{ mesting of the id Eoc Commrittee the basis
for recorrending the sbove alr coscentratiom was ¢iscussed. Zseentially,
these criteria were selected by estimating the gmsma dose that xight be
deliversd by the ressing of a radicactive cloud. Sinoce there are better
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methods of estimating gamma dozes and since there are uncertainties in
evsluating the hagards of such transitory air oonceatrations as experisnced
fron fallout, and sinee the preponderance of evidence from past nuelear test
series indicates that the external gamra hasard is more limiting than the
inhelation one, it ves recommended in the January 20, 1954 mseting to
strike from the record the past recoxmendations for maximum permissible
alr concentrations., It was recomsended that an air monitorimg program be
continued for documentary purposes and for whatever valus the data might
kave in the future uhen new anslyzes might be made in the light of addi-
tional knowledge.

A further discussion of the single particls problem may bs made.
In arriving st the reeommendetlion ... wor is it desirable that eany indivie
cdual particle in this sise ranges have activity grester than 1072 microsuries
coloulatad four hours after the blast® a computation was mede that the aver—
age radiation dose from such a particle to e sphere one=hulf & aillineter
in radiusz would be 325 reps.* However, the comclusions nay be misleading.
in tre case of & single partiele, relatively large 6;);(25 @X‘ delivered
near the particle and sizall doszes at a greatar distance. Arpendix L suggests
one 1ousible estimate of this phenomenon. The parensters involved here are
many and diffiecult to evaluste, PYor example, hov long will a particle reczain
in one rlace in the lung and what dose will be delivered during that tine?

It has been suggested¥*® that {n the upper respliratory passage 20-micron
c¢ianeter particles are the uprer limit of asise for deposition and that "Cilis

#..{nutes, leeting of Comrittee to Conzider the Feasibility and Conditioms For
& Freliminary Radislogie 3afety shot for Jangle. L.4.S5.L. May 21 and 22, 1951,
9} =33060, A status report. Gept. 15, 1954?n?co§rmmm).
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awveer 4 to 6 eycles per second. The probability of & particle remsining

witkin one millimetsr sone for as much sz one=half hour sppsars to de

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

1lining which is itself renewed several times em hour." Acecepting the

estinates above and tho metbods 1llustrated in appendices E and ¥, 1t say be
zmnﬁwmmﬂmwmldhdohvmwmaﬂmofu $aagin-

ary stationary sphere one millimeter is radius by a 20 micron particle (£¢.57

zieroscuries) ,' ) Lga;g:r Tso;;a vﬁi bo «:’mlinr?od closer to the particle Mt

with the relatively rapid movemsut of the particle, it does mot appear

that large doses will be delivered to a great number of eells. Miltijple

ex;osures might oeour frow aliitional particles but again this risk is

dtfficult to evaluate.

Teed
Considerable effort is being directed towsrd the stundy of contam-

tnation of food froz fallout. One element of major concera is Sr¥@, It

has bteen estizated that 1if one were to subsist emtirely on fo{g;l grown fron
Bk Feute o N

solls containing sbout one zicrocurle per square foot of Sr (1,000 pounds

of ealciun per acre), that over a perilod of years there would accumlate in

the huran skeleton a body burden of ore xicrocurie of Srgo'. Soils taken
fro:n »

sbout riles from the Nevada Iroving Grounds, nov show a concentration

of zlcrocuries per sguare foot.

$irivate commmication, L. A. Desn, U, S. Departzent of Agriculturs,
Beltsville, Maryland, April 23, 193..
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(Although not of direct concern to the Xevada iroving Grounds, it is
of interest to note that soile were eollected from the Narshall Islands
followlng the fallout ir early rirch 1954. Appendix - suzmarises these
dats.)

A recent report® strongly suggests that contamination of leaf
surfaces followed by either direct consumption or intake by way of milk
is far more en Lmportant pathwey of intake thaa by the soll=plant—animal
cycls, at least for those times of yesr when plants may be in a state of
grovih to eollect the fallout. Further zmlysis is being plammed.

This same report® ralses & new probtlem. Eased on stated assumptions,
tne data presentec indicates that doses to the thyroid from fodine radio=-
1sotope: may be a greater hasard than 31_39-90. Furtber, thc; rejort suggests
that for tnose tines of year vhen intske of fallout m«t&xﬁn‘mww
of-leafs-surfates, the dose to the thyroid (delivered in a fev weeks) may
be zany times grester than the theoretical mavimur externel doss. Additionel

evelustion will be given this problem.

LIt USAEC, Division of Biology and Medicine, washington,
L.C. July 1154 JEURET)
bpur! pa@l&' gn

v el u,..‘dil

R
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Toe repacmud choma 8lfective bloloziosl dope fer off-sits Dovulations
Sharah@ b Saleie J.o FusRlonR PVRS 9 Tevicd of an vear. This tatal doms

sy se ! fouh A SIEEle NS SR RADASE AL eXTOELISE,
If integrations of dose rete readings are used iz estimating the eoffec-
tive blologloal doses, ‘hea table V may be used.

Tauis ¥
#iltiplication Kffactive
35 S Elgiogical Dose

Haximum theoretlosl redistion
dose fron Lime of fTelloul ic 374
15 day e lator.

Haximer theorst. eal alintlon
doge from 15ih dn; tc one 1z
year,

TGl
{begt satimsts of
effactive biclogioal
dose)

DOE/NY

ks piis ’y

tadrs may be agesptad with a sorregiion faotor of 3/4 to mocoumt for the

difference bLetwoen the dose received by the film bedges or dosimeters

{including backsoatter) and that received at a tissus depth of five
gentizeters.

UNCLASSITIED
gt
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1393 Ye follow. ¢ rec. rendatio: was sele,
"l 45 recomrended, and ‘ot fto e e onlomit wit tre present
wrielilea of deternt ng permiogl le exiosore i, t &t for teat
ar-rat’ s ergs nel ve 1otal of gaims exwsure e lizited to 3.%r ia
toirlec. weswu, B0 L 30 te sase [ioupe & @ lled o Lie ol f-site com-
menlsisg wit c e fart er qualificailon 45 1 e loiter caze s © in s
L e total fivre for v e .ear, In Feneral, 4 is imlles a siogle test
gerieg L& L glven &ar.”
OD.te asis of 1 48 recuosus dolio. a d t ¢ reasoning disoussed under
Pylic, I, t e orieria for eotima-in: { e w ule . od: yeuma efleciive Ioloirlcal
dose are summarised L. "a le ¥V, It will e :oted t &l Lt & iolosiecal factor
inslveed u ey Foller 7 13 omitted 10 (olic ¥V, In 4 ¢ Tirst case we are
dasil ¢ wity rela‘ivel g cos g LFLme rouilre cvergenc. meaTres ot
1 iy &' e dAant azards, 11 is 8 3i-usillo woore o wighes L eptirate al!l
poriinest facors 1 evniuallg resliill s rumes sve thowyr t e e ot te
woons o wil o preeiscnoax,  efore reconedin. a errrpe ¢ sotio 8! mey
prosUes rreater pro lecs, In e case of iolicr V ane is eoncorned wit
relitivel  lower doceog durl & roitine operat' - s, T would e diffilcul’ to
DOLE/\
Justif- o0 v o A % e croos tin: hal wednl: coses Jor ge orazl popula~
tisnn ga € 1 tesraled u d o tae Int oaor.o evyozare w.othout pe ali. ad en
te ol er e d sl 8 lve cose reclved over a8 period of a4 —esr ma Le aduin-

1a'rativel. red ced eoa se of  ioloyical repa'r, oerefire, tie iplo leal

fac'or in gmi ted,

U o As e
bovn 2 230 Bk
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The genersl effects of backecattaring on measured rediation doses are
fairly vell established. Purther, ‘movlsdge of depth (tissue)-doss surves has
sdvanced to & quntitative state.’ Thus, there seems to be 1ittls dowbt that
a filn badge or dosimeter vorn am the parson vill owr-estimate the geamm
radiation doss delivered at a depth of five centimeters (asmmed depth of
blood forming organs). A major faster in determining this difference is the
qQuality of radistion under consideration. (me repert® deslisg explisitly
vith redistion in & fallout field suggests a facter of sbout 3/4.

DOE/ Ny

Hational
Janiary 19354.

Lwaarstmm W 9. Wu, 195&. '
.wﬂr‘t‘u Loy ¥ O 18 & ] s OO
CCLF IDENTIAL.




Aszune: Tize of fallout = 443 brs
Dose rate at R£3 = 667 mr/ur

Then:

>
Y]

KEFEML

I

I8

Then:

Theorstical maxisur doze from tire of
fullout to three hours later

Savings by rexaining indoors for
thres hours

One vear effective blologicsl dose if
personnel dicd recsain ipdsors during
the three hours (based on szeme sssumpe
tions eontuined in section on evacue-
tion;

ey cent of ore year effective blolog-
icnl dose saved bty revalning indoors
for the three hours

EYAXPLE II

Tire of fallout & BE3 hrs
boce rate at Bé3 2 667 mx/hr

Trecretical mexirur 00:¢ from tine of
fsllout to eight hours later

Sevings by reraining indoorc for elight
hours

One year effective bislogical dose if
personnel did recai. indoors
during the eight hour: (baved on eane
assuptions contained in sestion on
evacuetion)

Per cent of onme year effective biologe
ical dose zaved by remaining indoors
for the eight howrs '

1.3 r

0065 r

/\/5.0!'

~-13%

2030 r

1015 r
DOL/ N

~5.0 71
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1.5 ¥ev ‘eta (Bean en~ry = (.5 Yev)

F 210 c=?/en

Aasume:

(%is sesmes & single mars & sorpilon coelllcieat,)

¥ = Bo o fF

woares No T e sy ol elas
B oo n »
f < =0 . 1 wr’"~i
X = éizwa .ce {denu

-
» 1
.= # Yo g
¢
T ey eV
”
<
v ocre: Bz odose rats al dent
= mea. et ot edas
L °
[ AR T PR RNE o} A} - o)
To= ki ® ! (05 o Pl Yo
pry
r4

[SE 1

T %et’/"‘fmz’-wc.
l"-l)( Cyerga/em-sec

w sret L% &etivit i

L ozurizcs per ex? per sec,

&
r depls X
[

s V.elel
widear gunsid oretio.

Lo/ o,

[]
mloraeuiles or e

- {‘l‘nr,
L f,.!: *1:*2/}\
[e ¥y = ‘j.{,/ TL'M -
/ﬁ
e DOE/Y
T e 2 Y0 pefen’ ( o] »
= 5,L8 w.orer .= cose rat a; cepth 7 my ‘em® in reps
Tonoactivie ’c
= L}? r: ;":."i/" r
or = L50 reos/ r
G?t‘g?ﬂi'ﬂ 3 1 eta Qs Tn#e \ sepel r) At 7 %/(:2:2 te
T o o8 Hote kegsurec nd . die Fleid st T res

F-at A ove the Jurface
5C r/c'%e ( (’w), eq 5?‘19 SRR V3
1 megacurie/ni? (pa-ms)

by = yresy posErs
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The following data are abstracted fror ex eriventsal resultz, wherein

a thin % souree prepared by soskinz a filter peyper in a solution of
phosphatea, allowing it to dry, and then weasuring surface dose rates
with & surface ionizstion chaxber.®

Thickness of source 9.6 ng/ex?
Activity of source 77 .0 /uc/emz
Surfuce dose rate . 0,127 rep/zee
457 reps/hr
Dorage rute at de;th of x centiraters o7 5%

P

die :j_goﬂﬁ! tey "i ’| ar

wﬁ (for ]:32\

Substituling ahme datas
“ 9.5 HO“'(()-S)(O.OW).&
=

DO/ Ny
2
= 7.0 C repe/hr
let C = ‘7’7/uc/cn2
Then E = 70 x 77
= 539 repa/bir at 7 mg/er?  (199)
'mmwm ms Reymond E. NeGrew-fill Book

Cozmpany. 1951.
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Rm 457 ) 9.5)(0.03,’,>

= 427 reps/ur at 7 agfext (F32)

Ths tuo sbove approaches are within 268 of eseh cther, If one axtrapo-
late: the experizental data froxz a sourss of 9.6 =z ex? o o tiin source
(for cooperstive purposes) the two xethol: ere uithin 208,

s
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Carma Luse “ate froo 8 Fleld lx Teues 1 “adius ax Thegber
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N
lose rate of garma fror a polnt zoures o S
— x “Txdx»‘}
rz{ werer r=s r/hr . e T
C= activity in curies pe»r “square f‘wt
? = average energy of rarsas (Mev)
r =& 211’{j;§r1r.
/ Land
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Assumet 4&. 19iat source

be 0.5 Mev beta anergy
€. sum 1o cg/gn .
. ' fate of decay follous t=1e2

The dose dellvered st the swrface of an iraginary sphere at distanse
® froa & point source.

(1) K(r) 2CB =k gy
gram
vhere: K(R) ® dose delivered at the surfase of an
imeginary sphere at distanee F ,
E = averasge energy of beta particles
€ & total nuxber of disintegrations '
Subf,tithtingi}x : 10 Qﬁz/gik. ﬁ ® pass .bmion coelficiemt

E - 305 »!'AQV’

Then: (2) (%) 30397 L0 Hev
L go~3isintegration

exr
6.25
ot -5 _=10R
(3.a.) K(R) = 48 x 177 g 2illirene
%

Dlsintegration
or
- 6.35 AT s
{(3.bs) B(L) S SE x 17~6 2 108 ; DOE /&Y

BUlirads
k= disintegration

Bquation (3.e.) is plottec on the attachsd graph.

FOLOPRLSSICH FRCDUCTS,

\ - -102
(5; g»":Klta

where: 4, = Jisintegraiions per unit tise at time "a® after detonation
A; ® digintegrations per unit tiwe at one unit of tize after

% onsi, H.il, and Ellie, H.l, *Distributed Beta jources ib Uniformly Aabsorbing
Hedia" JXuglegnlges July 1950, V. 7, Ko, 1
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Integrzting equation (2),
(6oae) €2 5ag (8,002 = ty0e)
and
1‘2 02 -,
(6.b.) € 5a.t 7 (¢, -ty 2y
vhere: @ » total nunber of disintegrations from time "a® to "b*

t, ® tice efter Jetonastion

t), ® later tive after detansiion.
when t), ie infinite,

) Coc = 544 L

Ry the use of equstion- 2.s. or 3.b. ani 6.t. one may corpute an
e~tirrte” doce at the surface of an im&ginary srhere,

of ecowrce, tre prolles 1: the determination of 't" and 'th'. i.0.,
how lons efter detonstion will e radlosctive particle appesr in the lungs
and how long will the particle recain in place, The firzt time (t.) 1s muck

eccier to astirate thar the later (tb).

(300 text puge 3.3 )
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7. iet. or dose. and effect: frov single sarticle  of é'-;ul':'} anc muld6

& k
I, _.ze of perticle: I,T}/A,L lZZ/u
Letivity of particlie: 1.1 )r ll/u:

- « . ~ s/
Dose rate to 7 =g et £,6.0 rado/in 27,830 rads/br
./ ’ ]

Tine dose Jelivered: ~ & duy. ~§ dayr

Teooupver woge ele Lohnd SELT bose Lileck:
(vxad sty (rac: "
L370 ~5 T Kone winltl
TS ~ Tl Redqenin,
2,50 ~ a0, 007 Tesguacation
1., ~, T, 000 Tiswue Destr ~tion
<3, o~ gD g Tissue Dertructlione—
2 cv BLroT
on Lee,
R -~ - * - . . »
. SUE s osm errttater activity of rerticle jroducing rediening
Ca / - P o~ .
s effzct 1moabeot L4 bours, The estirated cize it 130 wiersm
DOLE/ 5%
. (.2 (0 = 1270 we tetal wetivite soconter for in the 1474 hour:

trul the Joee .o celiversd. (asruxing conctant
wotivite durin- the 14, hour:

® GO opredc/tr & 1 ge
% wiotil do:e refdr: to trne hot spot directly below the jarticle, wnd le
valid only &c to order of magnituze.”

N

-

N 73




L. what speeific activity of & particie of fello: woult T reculred to
deliver the umé dose in the saume lenpt: of tice

Tie encwer to thi: questlor cerend. wyor Ve tlme after cetonstion
that tie perticle come- 1r eontact with tre -vis. Accuring thic tize
tc be IE3 hours, the zpeeific activity woul  nave te be atuit 15’3)}c
for the same :ize particle.

iince the particle may be wesizd off before cix day:s have ex;ired,
one ray cc ider the protlx anctrer wey, what must be the speeific
activity of & pertiele &t L83 hour: to deilver t: . Jose in thz next
<4 heurs® .

.Ar:cording to Strundeutat (p. g_), only about 7.1 of & six day dose
need be delivere’ ir one de:. to produce the same effect (erytheus).
sccestin thin, then & verticle with about tic swre setivity (160 /nc}
et b 3 Lour: would be sufficlent Lo deliver un erytrewa dor  in one

ub;‘;.

DOE/NYV.
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Gamza 4ose rate readings at four inches distance from a plans surfaee
two luahes in radius, s 1/40 that from an equally contaminated infinite
field. (See ippendix D,)

Assume sn objecl having a two-inch radius is econtaminsted om all aides

(but not neeezsarily uniformly) so that the gsmma dose rate is 1} times

that from an equally contsminated surfase whose arsa is equivalent to the

major crosg-zectional plane of the objeet. The fraction given in paragraph

cne now becores sbout 1/27. Further assume s 100/1 ratio for beta surface '
dose rate to genaa doge rate at three feet above sn infinite field. Then,

the beta surface dose rate to gamra dose rate at four inches will be

2700/1.
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The following sasumptions are made in estimating rsdiation doses

to the lungs.

K.

D.
E.
r.

Twenty per eent of the inhaled astivity is deposited.

There will be no elimination of particles during their rsdlo-
active lifetines. There is uncertainty as to the biologlcsl
half-life of particles in the lungs. In those communities
showing the highest concentrations of fallout, the peek of
sirtorne msterial (which accounted for the greatest percen-
tage of total fallout; occurred only & few hours after
detonation, If one assune: & radiological decay ascording
to t=1*% and a biologicel half-1ife of msay 30 days, the
onission of biological half-life would not affect seriously
the computed total dose, DOL/NY,

All of the activity is ascsociated with particles in the
respirable range of siszes. last data from cascade

ir.notors indicate that about 90% of the activity 1s associ
ated vith particles 5 microns or less in the coxmunities
surrounding the Nevada Froving Grounds.

The lungs are uniformly irradisated.

The weight of the lungs (s 900 grams.

An individual inhales 20 cubic meter: per 24 hours,
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G. The averace bets erergy in 0.5 evx.

E. The garma dose is neglizitle corjarec to the beta dose.

0613 = 1135 4.3 hra 3 brs 4e17 15.
1137 - L4t 3.2 hrs £ brs .36 6.3
1445 = 2645 40 brs 11.5 hr 6.3 x 1070 2.
1645 = 2300 42 hrs 15.¢ brs hod x 10™< 1.50
23% = 0635 7.5 hra 21.%5 Lrs 1.4 x 10 0.087
#3635 - 1635 12.C hre 31.5 trs 1.4 x 07 0.1y

samrle Caleulstions

J)'z q

L = 5;ltal.2 ﬁa-‘j.z - t}_ __/

DOL/Y
Let: t,_ =3 hour:
t, 3 23%4 hours (13 weeks)
£ ® 5 ¢
/
= (5)(3 x 2.2 » 135 x 63)(3)1'2 13;3,2 - 21&4.0.37

= 4.4 x 107 dicintegrations from 3rd hour to 13th veek.

o~

Aozumet F 0,5 Mav
BVE.

(4.4 x 10%) (0.5)(1.6 x 10"6)(&@"')(‘& ) 2 4.2 x 19™¢ reps

42 preps

Total Lung Dose for 13 weeke: —— 125 wress
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1.26
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sosure: Aversgs sctivity for 3C mirutes 1= 0.5 uc at FE3 to E£3" hours
(Zee reforence appendix b.) ‘

Toent 2.5 a2 2.4 x 1‘36 x 3% 3.3 x 15)7 disintagrationz/}() ainutes.
it surfuce of imaginery aphers 1.0 mm in radius the dose rzte is

2.52 x 104 - ﬁf{“ ) (Lee ~ppenlix E;
isintegration

(3.7 x 107)(2.52 x 107°) = €.3 x 107 mreps/30 min:.

P L]
T oroeps/30 mimfk:
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lacation

Jeuo 3,001
ailuk 1.0 3.8x17™4 12
Mejult 1.1 2.8x107~ 4 .
Grued 3.2x1071 1.0 s o %
Kaven 1.6x1071 " 4.ex2073 2 ‘é l,
Wotr 7.8x1072 1.3x1072 G.5 g ‘ *
Hongelap 3’ . 6
(Sortlern) 62.0 1.0¢ 57 .
(Central) 45.0 5.5:19’1 520 ; !
(1 mi.N.Village) 5.0 5.3x10m1 500 E . }
DOE/NV | . ¢

(i0. Clstern) 4.5 9.2x10-1 530 i i i
Eriirijpu® 230.0 12.5 4y5 . |
Eniwetok £G.0 1.2 1,5 b e
Esbelle 200.0 49 3,320
Dtirik $3.0 9.£x10™% &
Bikar 3.3 4.4x101 250
Eniwetak 8.0 6.6x10™1 400
310 6.1x1071 9. 6x10~4 175

— - Zaent¥ 5800

#;11 data as of Yay 5, 1954, except {sland of Eriiriyru where date is May 20, 1954.
--BREetimated from een;au"ison v’dtf dose~rate survey roedinrs with Britrippu Hictest
- fallout on eny itelend measured. .



