
 , seeks age. as > areonlya fewminor
changes ent that there have been added to nev sections (Poliey III
and Polisy WI). Dobe |

Since the policies are still in draft fora, r trust”yon will not
mind reviewing them in carbon copy form. The Division of ~
Biology and Medicine has reviewed the policies, and after inoer- -
porating recommendations from you and others, they will be ;
rewritten im final form for Commission action.
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The fo.lowing policies were established after full ocomsideration for

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

es well as possi:ie hasards, herdshipe or inconveniences resulting from dis

Tu;tion of normal activities. They are eonsidered to be sound guides to the

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

alec in arriving at dec:atons that woul. be morally and legally defensille °:-

tne atomic Energy commission

wo basic asmag’ions are made in this report.

1. It is the responsisilit; of the Division of 2lalogy and Medicing

to estealliaé such policies for the Atomic Jnerzy Commission as

dJeernei macessar, to pretect tae healt: and welfare of the

genera. populace from consequences of weapons tests ecniucte: at

the Nevada Proving Grounds.

Although the Divigicn of Eiclog, anc Medicine will gladly give

assistance and advice, the opers:icnal procedurea edeptelfor

meetin, these policies shal. of the responsibility of the Serta

Fe -perations (ffice and the Test Manager, as directed Ly the

ivision of “Ulitary Applications.

The follwing policies de not epply to domestic or wild animals aince

levels of rediation which woul. ve significant would have to be much higher

than those specified herein.

eaCO UCLASSIEIED 4



 

 

pe ia, vain el el hae Bia ate PL

%

:

oe,
SwacclA' ou.
seencen see

+ ee a
. nm a? “

+

_
eceec $ oy. ic OVE Ef BTL o. - or lea] gne for vt ree

price.pal reas ©. Pesmal 4 Art he -@ air .azsard if tee

pergoinei were ao. COAT 4, 0 ore ° flwacn a. 6lement o° da ger

¢
enc’or andy. cs a mat

t

a eme ms © ° SeRI IT, yer

« =~

. som . ‘oe ” & fd. A fog toe Sc ire

te gy a .
’ " . _ :

tet @Val : 1 we ow -
2 rm rt

: vs ' Le
co. - > moos © cou 7°35 wear is

“oy ne
oF

.

1f 6. Mo

* . ~ . _

f aon ce ee <O .
* t{ © Goyer

A
A

.DOESNY
.

C 7a ota yp AM ro
,

:
.

—_ -

5°) 6tmTrmah OS Ore '

w * 4 > w
e ir “ . rs I> .f@. &sdoS; Loc

. som oc fF “IPS Gorn me cy

w@c. 3b. m™- i ‘ a 7 ; AC



y)

 

 

As8StaveahTata.

co.0oy£02-aRSa ’
TOOTLOICTIATLOS7;

+
?

Get.
+
‘

—+

 

  

Ronhap-parenSPONeeELEa“Hit

—

 

|ARNAAPAInaaRP

 

 

os



 

The patio ale for talle Te i: as fo lows: “. total effective .:olsrical

dose ts‘ woul te meeceivedc (f evacuat . were oo. orvered is obviously a

determi cue factor, Ano her to..ciderat! te the faet tat ace ac aetion

ag evamiat:: crit be dacverous to t.@ Daieivi Mal2 ad eaulc also poss!*ly

*
e detrime tal ta ver receasgar ati, al «%for* of weapons develonment,

One miss te aa, "J * ow me wi. ‘e ga ed (radiation dose saved) by

,evacuatio’™ eifwmictes of these two varia ies ame .ncicated i. table Ia,

us, @ povvlace mA receiver wm ou @ cair .atec Vo roentge effective ° islorieal

dose £ one cet we Oat of #4es a : frm 30 te 50 roentgens,

@vacua’l:. we boca ‘ere? 3 . @ le 3° lL! roe tge.s covlc ‘e saved

BO @C 10: bso Powe. rt er evacuat. >. Wo At be un icated

™ fool t me, are | F deh te a re ia‘tto tose.

7 ma aor: eerste QR La dour ay oe ma. calculate a

tL eore lca. maxte * mt farme « +t f - ar .trar.i: divide: s xr

DOKNY.
‘Tan er ac nate" for ano est 6 6 2 com ta) Breelved, “ ereas t 143

mao. get cot: 8 fo egt mim or tz . more realistic efiiurte shoic

©omve, aot e . ote Pax wo Satomi. to esagtlcvte a ocalt

aBeorm.

Dae to tee vwecets of tani: ear meassme ets auc deelgi. co, ti is

t. Le expected toa “*uuv-ra’: read vs, taxe wit surve,’ meters, will be t e

available evicence & -'* tires a ce cer 's la I girmarizes te param ters

considered ! ext ma oo; m effec’ we colo‘ ral cow > ased o1 dose=jrate

read. 3478.
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de a. So. XR xk
Theoretieal
Maximum Dose
(Based on Attenuation Effective Bffectiz «

mated Rate Biological Weathering Dose Factor Dese .

Reesy) Faster _Facter (Colum (‘“elummsxD

Froese time of fallout
wmtil tires of evac.- we 1/2 1/2
ation

From time of evacu-
ation to time of 3/& 3/4 l/aeee
return

From time of returr.
to a time 15 days 4 3/h 1/zeee
after initial falisut**

From 15 days until ,
one year after ui V2 V3
initial fallout

HOE ONY

tak
"This estimate is pased on the concert that if eveouation were pot
accomplished, then a certain radiation dose would be accumilated cver
the period of time selected. This time period also representa the

rediation dose saved if evacuation yarg sooomplished.

*“#This assumes that the time of return cccurs before 15 days. A period
of 15 days was selected to provide a dividing point between the time of
initial exposare from fallout to « tims one year later. The 15 days
has no unigue significance other than providing a basis on which to
estimate the biological factor.

*#*The value of 9/16 has deen rounded off te 12.

Urs: ammo -
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At Later times after fallout, better estinunates of radiation doses received

may be ebtaieed from file badge readings or dorcineters. If these fila badges

or dosiseters are worn om personne: and the evidence af their we supports the

view thet the reedincs are a reasenally accurate soocunt of the radiation dose

reosived ther the waluee recorded on the file bedge or dosimeter may be accepted

with a correction factor af 3/k te sccount fer the difference between the dase

reosived ty the filn bedre or decimeter (ineluding backwostter) and that received

at the tissue ept: of five contizsters, Teble Ic may be weed in eetinating

the effective biologicel dercr

  

Pins

A 2 3 E :nerestive Effective
Molioyiesl Moloegical

Wiia Batge Dese Pactor Doss
Sila Badge Blological ov Doaiueter (Cela 38 (Column A
Readine Taster Correction x C) x _D)

From time af falic:*
until time of 1A we Mi
evacuation GGL NY

From tine ef return

to 15 days after Vi 3/4 Ve
initial falloat

From 15 days until
one year after 2/3 3/u i/2
initial fallout

TOTAL:

The walue of 9/14 has been rounded off to 1/2.
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will 'e a matter of hovurs wiic
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could -e accormlis e’ co time of retur pro’.abl

until ove vear later is essential”

factor ‘ag ec estima‘ac at ST,
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avi weat eri:- i 3°

ears time.
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As lower periodg of time are tnvolved

dese, lesser Uiolorical effects ma: te

From th.e time of Pallout until the time of evacuation orotably

scons’ dered essentisllan instactan

ological dose factor in 1/1. Prom the time evacuation

would :e a matter of das,

From 15 dave after fallout

adurati, of one year, so t.e blological

4
4 wote’ t ere is 29 calsulation

(¢ 4g expected u wer actual ¢-niitiongs ef radiolerical

ica ‘«. dose will] te delivered after A

jalov-

evi tenoe. It is reagona le to

racla duse over ao cerioc of man daca

ar instactaceous one {ne Lecil ws

DOE SNY,
‘ @ period to esse tialls o © -ear

‘ne ~Leee of supportive evidence

“=ray coses to tne akin rere fractionatec

‘oly ical e*fects compared to @ one treat~

i .

ment dose. A )GQmB@® olot of total doves vars:s days after initial treatmeit

vielded strmi- <: lives, For exmmrplc, the curve for sxin necrosis icdicated a

ratio of 300c/UT® roentrens for & o.1e trea‘me.' versus 1° dail eqvall:

SLevert, mplf k.
L. gonigins Faclations”.

Vol. 4,).0.036.!ur. Lh
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frectio ated doses, of course, dail: ra‘in: o doses -ecetwved fram fallout are

nt equally fracti:nated go thas tie rasta worle @ in ie dirwetic. of unity.

Tay by das doses delivered from fallow: from ~ «¢ 15t da to on year are more

nearly equivalent ‘an a: earl; times (ig wring the wea’ ering facter). 3trandevist

data do not e-tex! e-od Lf days ac i’ 13 questi: a le to extrapolate his cata

in an attempt to derive @ similar ratio as a ove based o: one year, aince oter

wnOertaijties are ao great, 1.¢., effects of weatveri ~ as affecting tie rate of dose

Geliver;, ¢te, “>e ratio would presume . oo ‘art’ +r from mity ta: fer a 15—day

period.
a

“re ge. ia/relatively racic] repaired erga ac? thus amy tecd to ower

@r- aplar te ef eeig of fractiowtis woeo eonsaiter. ¢ Ww oleedy gamma doses.

Croukice reports "l ° e dog, With co €1‘ ganma ras, + © dose ta: will «ili
co perce . of te doga lo a tirtyeca: cer. coc we delivered in ag: cle dose a’

ree. 2 Je - aero po oute fg apr mo.imete. 278 r, After t is dose o! radiatio te
&Be8&ls egume sil wit io oR -er‘o4* o° 7 ta TL dea s aud ieati.se eccur ctwren * e

€ fl @ * tween! 27 Ga, 90rr aye, i Feeil ne, a < prefounc anenia are
Prewhle oc. it ft ¢ save is eereasec tc LE rooer Ja give ower a fourteen our

pero, Toe det alo cot 5. cramerta ew o- Bor. “Seer ot comiitcions, + e

@isfis die io @e coax ras. t @ same pc-rior ao ‘time wit ide.ctioa] ma ivesgtatio os
Tf: @ exoesure fg dro oer WW 25 proper tay give over a fo ctee. our period, ie
det al dow is ten inereaced to well ever 1200 r, acd tc 8 mptoms ad find. age
are ca. et,’ ome pro oe: i) #-e ex eric ta lia te ewalvatio.. of possi Llit:

DOERSNY.
{ost toe @uumals meooo6¢ wirok i. fea Ww ‘ @ @X O8U7€s AFe Gontimed. is

moo: @ fi lus srmtecd 6 ererim ts us ee rr were the dail. doses of >,

2X ad 100 poectze so riven t. t ree separa re grouns required 3000 tu 4009, 2°66

to 3200, ad 2000 to 2500 total roa:tze a respeet:.vel for 100 per cent let ali: **

> Medical Aspects of Radiological Tefense. Cronkite, I.'. Iscture to Federal “ivil
 

Tefeise Adusnistra' lo yp fewiomal nterexce of Wort eascer:, States of Fadiclo:ical
axc Coeniceai Cefense, Kew cork “it, Goi. er 22, 1953.
wuA~P95, Seaponse of tie “urre io LOO r crac ut el cole od: Gemma “as cain iio.
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No, of Dose per Tose Tr Survival Yetal  so3e8
Lays Teo (rs week fr? cine (Fes)

20 16 & Pi, Ub
16 iL uM £3 2o%

Gafertunately cormal survival times were of «'ve. ror were te ages of ' @
animals. Ti+)

Rleir** sas ta.¢ te two points from toce's data, i.serted tese into
“Le (Plair'gs) ecauation relati yg reparable and irreparatle damage, Tse ratio
of i sta taneous dose « 1S da. dose Ly 350/,50 or 0.32, and fer lb mo ths dose
a 93° $25/35. er 3.6".

Biasr wiprves.a toat " '@ pour @ are tos few to de epmi-@ te coustants

(of t © equa > ow. a aceurac =. a0 \. at lease! e@ ds tre proper

re jae,* Vever, een yt@s8 oF fs age ti sve ¢ eaxed wel] wit mers

exie give da‘ao o° er animals. is equat’>:7 1 dicate tat tre rate of  ——,
rr aeoee 2eo

recowr of repara ie i fo-., de fastest 1 te mouse, @ oui orm all as fast

“DOESNV:
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lo cer-lived a lowals,

x-204 2 servacici@ on fopulations ef Anietls ex.aged to 7 romie seentyen
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PN ia oi bows eh CR ins aTtt ai ii ialk tam a aa arall iCina ealisSeate

Liscusaien of t e sttemation axt eet orl ¢Pac.or, From ue time of fallout

until te time of ewncua'tio {: ia expected tiat personnel will Je bepi indoors,

(3@e Poliey Tl) Mejor losses dG ww of’ tte em: mo’) @ relied upon durt ¢

t is period, so t a‘ t @ eatinated factor is 1/2. ‘rom * @ time ewteuation

e-uld mwve ee aceowolis ed until te tise of estinstad retur {: is assumed

tat perso mel wll oe t docrs @ cut al’ of eae 2L ours aud t at majer

losses due to waa. ori f ca not oe relied uow. 7 « overall facter is % us

Vie

7 e g@ereas, ‘cf Arciles & .e@ t ind periad of time, l.e., from assumed

tlie @f pretarn oo lb cas aver fallout.

From 15 da s afer falic ‘ uni] o7e year Later it is estizated that we

atte ueti.s che t Le eeto effee.s of wear er g Will yeild an ever—

ail factor of 172.

Toar pats reacdiccs -ave @e ‘ar wet gsirvwe acters eutatce and insice

of hor. a argune * + seysea Tov, opou c after fallout oosurred. Tha ratio

of reads yet wars ow € eof cas muti. ef t @ ouse ax wit te
DOEJNY.

locas’ yr | e ’ olf , °° @® re ta Of read! ¢a outeide to

2. ;e@ a frars ovo. we aA 7 Of a os # ef ia’ prea ar di lcre oe Sor

mgr @ catre cs. ' lt tat ons ero f lm « -es were pleced ovtaids

ac + gide of s me yroees gr o~ um lem arora d also "pa o'- not ole.

tn t @ first ease, © @ Of "ere ce i ‘otal doses was aga’ 2? to 1 or greater

tot furl og “ps a'=—"now ole o i ao.’ 8 20% a * cerca was soted. Ta fact,

i: one case duri g ops oF no. ole te film adre i side read ig er t an

Buia’ CO. ed. ‘erewea eee (se ex rime a. date wi.l ave te «

i Westirated duro. Ntore ope rai. oa.
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Te wery om-ure o 1 @ weet ering ‘ac‘or males t ia a di’ficrlt parancter

to evaluate, Tie pro abilit of oceurre ce of precipitation and/or winds acd

to what degree a3 to «© es imeted as well as their effeets on vediation

levels, Leacsi y effeets werre atudied o: sile ao: 130 alles from ground

sero wiere fallex: ac eceurred duri g "psiot-“ao: ale. fSose rave readi-:gs

were icuwsignifica +]. lower tia; t ose predist:d - radislogical decay according

to t7te2after a period of mare t a: one ;ear, ne example of Ue effects

of wonds walvas co served during Tpsno:-Enstole, Te falleut from te

Mare 17, 19°32 des. «2 ©. was in a lone mare pattern to t:e east of ground

Sere, “"e erconc de, a’ter fallout e@ ra: er etre surface wid lew alsnos:

atrig t anvles across t e area, fer aot a period of a day, Lose rate

reaci gs werr tace> ao. 1 @ first acd fourt da-s a1 1. @ same loeatiocs and

DOR SNY
, em were Com ared, > fo. 1 ca dose petes were leas, 5 factora of t ree

Ww S22, t @ ¢ 3490 e excee¢ted rsx oe firs’ das mead! ¢e, ased or

*

Pe‘e of aee@a 2% ome fect er fallou’ -wasureve ts ‘oacleatad . at the

rate oe ceca cc’ * 3 fallo: me ertal wns w- e@tirnt “leant. differen’
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from qrie8, ) teemuse of ti.e physical conittions deseribed aLove, these

reductions in coitami wt'o1 preta’l. ars mar te urper limit to be expected

from wind,

O-erational Feasi' iit, of Criteria

Tt fea not the ‘neent here to disc: ss operational procedures, but it

gould Le indicated tha’ t # computing of radiation doses as recomended

“1.2 sate offn Folie: Tis a o 1 o Ci7"ieult tam. lL. one agsumes @ t

deca; as a firs: a> ryvimetion, ten a single grap. of dese rates versus

times after d-. wi > can ie constr-ctec that =11 represent a 30 reentgen

effective ‘iclo-‘ca’ dow for ove vear, an edcitional family ef eurwes can

be made t at will crow te tee answers tc te paranters of newamnec!. time would

te avalla le ce‘ore evacuation an’ 0” ‘ow lor @ tine pergomel would ave to

DOE/NY,
remaino: o° *¢ - reétation appa io orter to vrevi:e for a sewiocgs of at

least 1° roenirens,

The iiches’ w.ole-ody gamma dose recorded for ar; locality where

perso nel were prese it outside the Nevada Prowing Crounds was at Riverside

Ca: ls, Nevada (@:0u- 15 people) follow: a @:ot mum-er seve. of Tazler

onepper, ‘The maximum theeretical 4 oflait, garma dose was estimated to be

12-15 roentgensa,
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POLICY 1:

Personnel Semal-ing Indeors

Khen tre gamma dose rate readiy as seassrec  @ purve seter held three
 

feat @ ove te ground reacics te val.es give. in ta le TT a: t'¢ times

tndicated, it is recommended * at perso sre] stall te requesied to remain

indoors wit  wiidows ad doors elosed,

In toe event ¢ a ‘ ere 'e Qo wingiag evice ce tiat te radietic: levels

  

 

 

 

 

give: in tie ta ie will -e reac ed, i‘ is reconeced that perso nel -e

reg vesiect- rena. indoors "Wo ts falo: occurs ar tefore tie

radiati> ileve.s eq:al troge 1 te ta: le,

"ARLE DL

fee 8 Fe Jou: amma “ore “ates At Time

Le o:; Fallot

: Car) BOENV» oat 2000 PME, NY.

"aor 1000

" # cur

“ 500

ce 4,00

" 333

be ” 250

«Oo 200

lz * 1:7

2. * 33

Pelease “roc ‘8s restrictive ar co 8 a.. 6 made ov te .asis of

Du er @¢vhinat: 3 e raliodogpe ral et .
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C. It ie regormended that people wo hac ee: ovt-of-doors during fallout

ef the aove maritude org eater ¢ advised to chave elothi-e and to

Satnhe, “he 12! ‘yy mm 4 cleaned orm: means. While ating,

Special a*iention sould @ peic to : © hair awd any exposed parts of the

0d

D. In tie eve :t ta: ‘\e monitoring ‘axes place

 

ad extrapeistio.: of v.e dose rete readings equals or exceeda those 11

ta le It et t:e estimated time of falicut, tre: it is reecumeded U.at tie

game advice e pive as i: e preced yo paragran,

Persovne] “ema.ing Indoors

rT": 7 ON

“ee actio of requesting persoinel to remain indoors isa predicated on

NOE/NYV.
tre prineiple ta’ * ¢« radiatio. levels are slow t ose esta lis sd for evac.-

Qiio |@nad tiat is actic could rence * ¢ amoist of oontexinatio:. ef perso mel

ac reduce somew a' te wiole- of parma jose, ‘Sor Appendix A for estinates

of redustio:. in wole- oct. pana dose.! ~.@ aot al "seviscs" realt:wiee have

to e slanted apa! st poral le acwerse pi ite reaction.

Tce pringipel gain in reqvest: ¢ perse #1 to remai: indoors is to

preveiut or redice t @ amore’ of atomic de ris t at ma actn@ll; Fall o. te

wd erclot i... ij noe tre pee: of fallou® usuall oececwrs #8 orth: atter

te atears of fallo , i) fw fmrerts top’ pron deciaicocs ad actiois te
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teken, Thus, by necessity, the most practical criteria upen viiieh to bese a

decision are gamma dese rate readings, which are in turn related te the

smount of fallout.

Doss

The nost immediate solution might be te establish lover permittod

dose rate levels at later tines after detenation. Hovever, if a series of

dose rates are established for increasing times after detonation se that

their relationship follovs t~!**, then the doses delivered in I hours

(before the materia] is washed off) will ve greater for earlier tines

after detonation. If one were sure of the tise that the fallout material

was to remain in place, then a scale of dose rates versus tine after deton-

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

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

be valid for all eases, one might assume the worst case where the saterial

remains in place until its ectivity has decayed to an insignificant level.

Dose rates @ould then be approximated, to yield a given infinitydone, by:

Dew 5st where: 0D infinity dose
A ® dose rate at time “t*,

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

set the infinity dose. Here, we must be clear that whereas the peasurements

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 (assumed ac 7 milligrams per

square centineter). The ratio of emission ef beta tc gama is a function ef

ue APee
aw ‘~ ™ ' =D
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time after detoiwa:io ax follows o sim] relatiosip. Porther, tia retio

sta. gviwe time afer detonativ as oc e« fi ri esis iisted, ce

recor:” sucres's the followit 7g data:
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to plaques eontaining different radioisotopes. fertinent data are abstracted

as follows:

Surface Dose Recuired to Frodues Eetinated Anount of

 

Recognisable Transepidersal Rediation That FPene-
Injury (Roentgen—eqiivalent- trated Sria te A Bepth

dectone. ‘Enarsy.s beta).

Yttrium’? 1.53 1, $00 1,200

Strontius®? 0.6)
Yttrium 2.20; 1,300 1,400

The average saximum energy of the beta partieles from fallout naterial

varies vith time but will be assumed to be roughly eompsreble, in respect to

depth dose, to Yttriun’* or Sr-Y9, sinee the gems Gose af a depth of

7 mg/cm would oct be significantly different from the surfase gemma dose,

the ratio of 130 te 1 for bete-gamma vill be assumed at the basal layer of

the epidermis.

(One experiment with sheep, using Sr’0-190 plaques, showed that 2500

reps at the plaques’ surface produced ulesration in one but net encthar of
DOE, NY

two sheer.® On the other hand, lOOC rads delivered to tissue depth of

7 wg/on" fron a F“ one inch diameter aiskleype of anizal net states} produced

tanning, prolonged erythens end deccuanat ion, **)

Tt is to be remembered that the above discussion wes first besed on

Surfags gemma dose rates wheress the sonitors vill be making thelr gam

 

“"Cosparative Study ef Experiventally Froduced Beta Lesions and Skin Lesions
in Utah Range . Lashbaugh, C.2., Spalding, J.P. end Male, BB. Lasl
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neasuremente at a height of three fest. Fast field experiences has indicated

that the gamma reading from ionisation-typs survey meters at ground level

is about 50% higher than at three feet. Therefore if it be assumed that

a ground leve] gamma reading of a survey uster is equivalert te a surface

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

Shree is about 200 tw i.

Another approach te estinating the ratio of beta dose rate at 7 ng/en*

to gamma ose rate at three fect is as follows. Ascuming a wmifore distri-

bution of 1.0 megacurie per square eile of gamma activity, the dose rete

reading from an infinite field is about 4.1 roentgens/hour." Caleulations

given in appendix 3 indicate that e« like eoncemtration ef fallout material

will produce ebout 430 reps/hour at 7 ag/ont?. This suggests a beta te

gums ratio of about 100 te 1 whieh is about « factor ef two lover than

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

beta doses is found in appendix C.

Suah considerations may be franght with pitfalls. Por exemple, the

above discussion implies a unifore distribution ef ratersWvrtal. viously,

thie is not correct but how far this deviates froe the facts and to what

extent this influences the results 1s difficult to assess, Calculations

indicate that the production of recognisable beta burns from a single

particle requires a high specifle aetivity. (See Policy III fer disoussion.)

It nay/be,however, that the partieles of fallout are close encugh te have

overlapping of radiation flelds and thus require signifieantly lower

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

*"Effects of Atomia Weapens", 19506
 

 



 

hes guppert in that even the most superficial beta burns ef the natives

exposed to falleut fellowing the Merch 1, 1954 detenstica showed a general

area affected rather than ounll individual spots. Om the ether hand, the

cattle and herses expesed near the Nevada Proving Greunds shoved turss

ever areas only sbout the sise ef a quarter. Bren though these my nct

have been preduced wy single particles, thay éo represent less ef am ares

effect than suggested far the natives. Alse, radicautegraghs ef the falicut

ia areas cutaide the EPG suggest the ecenrrence af individual perticles

with nom-everlapping of rediatien fields. Movever, {us nearty arees Vhere

the fallout was relatively heavy, there vas a definite everlapping of the

fields.

WITH OUR PRESENT KWOWLEDGE IT SHOULD BE STATED THAT DUS TO THE

PARTICULATE MATURE OF FALLOUT IY WOULD BOT BE POSSIBLE TO ESTABLISH

REASONABLE AND OPERATIONALLY WORKABIE CRITERIA THAT AT THE GHG TDG

WOULD GUARANTEES THAT THERE MEYEA WOULD BE AF COOKRENCEOF 4 RETA HORM.

If ome vere to acospt the asmmed beta to gamma dose retes 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 epidermis

vhen the whole body infinity game dose wes 10 roentgens. Of course, the

fallout material asy be removed befere the infinity dose is delivered;

yet, on the other hand, it is net improbable that it could remia in the

hair for essentially this length of time. In the ense of a one-bou fallout,

almost one half ef the dose would be delivered in the next 24 hours.

“on “OM ‘ eo Rs,lak



  

The efficienay of a surface for sollesting and holding the fallout

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

readings as well as biolegical effeets vere noted om the hair of the natives

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

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

suffieient to pretect against beta skin damage in moct eases, This waz

due probahly not to the relatively emall attenuation of the betas by the

elothing but rether te the physieal situation of helding the radioactive

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

an added consideration is the pessibility of high beta doses

delivered to personnel from the falout material lying an the ground and

other surfaces. If the highest degree of contamination -snsidered under

this policy is save when in direct eontaet with the skin, then the beta

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

Policy II] for diseussion on unequal contacination on persemel.) Hovever,

it fs true that the eontanination may exceed the amount te deliver dose

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

some personnel may mot go indoors anc those who did vill. evantunldy be

released fron this restrictive action and “nen may walk around in a

relatively highly conteminate’ area. Because of the sore limited range |

of the beta, the location ef createst concern is the lover legs.

One report estimates a beta to gueza dose ratc ratio of about 75

to 1 at 10 centimeters above the ground.™ Under Poliey I it was recom
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Meee ane:og "ef « werface fur evliecting and holding the fallow

esherial is important. Tt is set curprising thatthe highest doce rate

peadings as wall as WMolegisal effects ware asted on the hair ef the nabives

ond alse ou parts of the exposed body where perspiretion was present.

Perther, 1% was eteerved that even ame layer ef light extten material was

oufficient te protest against dete ckin demage in anct cases®. This ws

@ue probably ast te the relatively mal) attemection of the betas by the

Glothing but rather te the physica) situation of belding the radloastive

material ot some distance from the aria, which effect would be relatively large.

an added eeneiderution is the pecaibility of high beta doses

delivered te perssme. fren the falbut neterial lying om the ground and

other eurfaces. If the highest degree ef contamination considered ender

 

this peliey is safe when in direct somtect with the skin, then the beta

dose fres am equally contaminated ground vill not be hasardeus. (See

Peliey Ill fer diseussion en mequal sontenination en pervemmel.) Sevever,

1% is trae that the esntenination nay eresed the anrurt te deliver dese

rates given in table TI and yet not be great encugh te consider evacuction.

dem personas! nay netge indoors and tance vhe dtd vill ovectually be

released from this restristive estion and then aay walk around ia a

relatively highly contaminsted area. Booanse of the mere lintted range

ef the beta, the leeation of greatest consera is the lower lags.

Que repert estimates « beta te gumns doce rate ratio ef about 75

to 1 at 10 cemtineters above the ground.® Jade: Policy I it was reese
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nended that ceusideratian be given to evacuation when the gamma dose rate

reading at threes feet was, for example, about 6.2 r/hr at Bf} hours

Joughly, this would correspond to about 44) reps/hr of beta at 10 centi-

meters. Qf course, this aetivity decays and aleo it is presumed that

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

hamd, it strongly suggests that biolegically significant doses may be

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

bare feet of the natives evacuate: during °ASTLE. This probably was a

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

Up over the bare feet and then elinging te the skin. (Io lesions were

observed on the bottom of the feet, undoubtedly due to the thick epidermis.) »:

It vould be expected that normal elosed-type footwear (os coupared ‘te een)

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

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

radiation from material on the ground will not deliver significant

biological doses to the ankles and perhaps lower legs, after’ pent

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

centimeters above the ground is 460 repstr at #43 hours, it would be

about 190 repghr three hours later and 12C reps/hr six hours later.

Cue further possibility is the accumulation of redicastive naterial

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

area. This is discussed under Policy [1]:

 



 

Rabe On Guan oeauces

The work of Henriques? suggests thet at the ¢ epth ef 0.07 mm in

living poreine akin (maximm thickness of « pidermis) that "1400 ¢ 300

roentgen-equivalent—beta" (delivered over short periods of time seo that

they may be ammed te be instantaneous) 1s required te produce recognis-

able transeridermal injury. The eurve of binlogieal damage rises rather

sharply so that af a dose of just wider 2000 rep (at 0.09 an), the epidernis

may be expected to exfoliate and in the majerity of eases go on to develop

chronie radiation dermatitis persisting for mouths.

The preceding discussion suggests that, using the gamma dose rates

listed in the eriteria under this ielicy, shieh are based on an estinated -

1S roentgen infinity gamma dose, as high as 2,000 reps might be delivered

to the basal layer of the epidermis over « period of tine eovered by the

lifetine of the radioactive material.

There have bean instances where the ealeulated infinity gamma dose

in ereas where persomel were present around the Nevada Proving Greunds

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

burns {in these areas. The number of persons involved Eatsareas ef

highest contamination was relatively small, perhaps a few dozen, end with

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

they vere net in a position to receive the full fallout. Likevise, minute

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

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

about eight roentgens and no instances of beta injury appeared.

2 gr-sit.
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The estimated whole-body gamma dose to natives evacuated from the

island ef Utirix following the Mareh 1, 1954 detonation at the Facifie

Proving Greund was about 15 rventgeas for a period of sbout three days,

vat mo beta burns appeared. It is fair to assume here that direct conta

ination toak place due te their mde ef living insluding housing that was

quite open te air currents. femme doce rate rvadings vere taken over the

bedies of the native: «at abeut H plus 76 hours both on the beash end after

boarding the shi;. Om the beac the persormel readings averaged shout

20 ox/hr gamea (but this probably included sone contribution from the

ground contamination, amd after wading througr the surf and boarding the

ship tne lewels aversged “ mr/nr game.

The 12 native: on Sifo Iaiand, allinginae Atoll, reesived an esti-

matec whole-body gatza dose of "5S reentgen: in about two and a quarter

days. Cf these, 1, later axjerienced <lig:t beta burns, 2, moderate burns,

and none showed eri lation.

In the care of the Rongela; natives, the ertinated vhole-body dose

was about 15° reentgen> in abort two days. 411) 44 natives later exrper-

Seneed beta burn- to sete degree from elizht to severe antaver half of

the natives showed e-ilation from ife st t- cavers.

The 16 natives from Rongela: evacuate! <lreetly by air to Ewajalein

nad versonnel gamra dose -°* level» generally &9 to 1% or/hr although

one vas es high ef 240 =r/hr and one ss lew es 10 er/air (at Ho plus about

55 houra). The remaining 48 astive: evacustec by ship were reported to

hove personne] readings that “averaged" 6 ar/hr before Jscontanination.

fa
f_U



The picture is further confused because some of the natives had bathed and

som had aot before the arrival of the evacuation tean.

Mest of the 28 3.5. Service persenne] stationed sn Enivetek Island,

Rengerik Atoll, received about 45-50 reentgens, based on film badge reed

ings. Three neubers ef the group who vere located fer part ef the tine in

enother seetien of the island vere estimate’ to have received somewhat

higher deses. Seventeen ef the 2£ persenne)] shoved enly slight super

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

pointed cut that the personnal were in asta) tuildings during some ef the

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

reduced the direet somtanination as vell as the whole-body gauma dese.

A fiir badge hanging on the eenter pole of « tant at one end of the island

read S€ roentgen:. Calaulations based on dose rate readings at another

pert of the island indicated semmwhat lower doses, Lf persemel bad

recained in the open for the period of time froma fallout (about 2 plus

7.§ hours) to evacuation (at ahouwt fF plus tours). Upen arrival at

Kwajalein one personnal gamma dose rate reading was as high as 250 mr/hr

at about 1 plus 34 hours. UEONY.

The above date do suggest trat there may be possible a rough

bracketing of garue-deta doser versus beta Duras. On the ane hand, the

natives from Utirik received an estinsted vhole-body gamma dese of 15

roentgens and shoved no evidence of beta burns, On the other hand, the

natives on Sife “sland, ailinginae Atoll, received about an estimated

wiole=bedy gamma dose of 75 roentgens with l4 personne] showing slight

 



  

burns, 2, moderate buras, 2, no burns, 3 with moderate epilation, and 15

with mo epilation. in addition, Nongelap natives received 150 roestgens

whole-body gamma dose, and about 90f shoved same degree of lesions end 54%

some degree of epilation.

It is to be reenllied that: (a) the natives probably vere cut-cf-

doors and received the full fallout, (>) the oily nair, semi-naked per=

spizxing bodies ineluding bere feet, and lack of bathing fer most would tend

to eollect and held the fallout material, ‘c} the time of delivery ef essen-

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

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

statute tiles) would consist of amaller particles and also perhaps lesser

possibility of overlapping of radiation fields from theas particles.

Sone af the relevant date are sumasrised in table Il, Due to the

uncertainty of the degree of exposure of personel on Rongerik te the direct

fallout, this grou; is not included, It is to be immediately emphasised that

any conparisons made or implied in the table are at the vost aly seai-

quantitative. Table [1 will be referred to in Policies tT and IV but is

ineludec here as a surmnsary of the cata discucsec above.

Onlouesures

The data on animal exposures are lers fire then those for humans.

Unnistekable beta burns eecurred on cattle et Alamogordo a duly 1945, on

cattle at the Bevada Proving Grounds in spring 1952, and on herses in

™, \
y
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apring 1953. (The skin damage observed on shee; in the spring 1953 was not

established to be beta turns.) However, tue exact positions of the aninals

in relation to know ancunts ef fallout erv not clear.

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

Proving Grounds, about one half of a herd ef 155 head of cattle ware found

to have evidenee of beta burns. They vere thought te have been 15-20 ailes

from ground sere in Kawieh Valley to the northeast and te have been exposed

to fallout from the last detonation. (14 CT on a 30O foot tever) Righest

dose rate readings taken along a dirt road ruming lengthvise through

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

During Upshot-fncothole, 16 horses showed skin lesions ever the back

an? eye daaage was note’ in a few. The best evidence indicated that the

horses vere some fl uiles to the east ef ground zero om 17 Mareh 1954,

where the fallout oceurrec from the first detonation (16 KT en a KC foot

tower,. Radiation levels in this area ere nct mow with certainty but

the fallout seeurred tr a narrow band and was carried by relatively high

velocity winds: go that it probably fell en the horses at a time legs than

ene hour. If go, probably more than cnetielf of the infinity dese vas

deliverec during the next day

Suerstiona, Feasibility

Under the criteria recommended in Teliey I1, there would have been

two occasione in the past where personne) would have been requested to

wo CEE

Bee we ea w de cl

Vas,  
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renain indoors. Once ves at Lincoln Mine folleving the second detonation

ef Upshot-Knethele where they vere so requested te remain indoors far tuo

hours and the other cosasion would have been at Riverside Cabins (pepuletion

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

reading at Linceln Mine was 580 mr/hr at B42. In the ease of Riverside

Cabins, hovever, the rediolegical eenditions vere not ascertained until

after the fallout had eceurred. The maximum infinity gaume dose in the

latter case vas 12-15 roentgens.

Personnel vere requested to remain indeors (for abeut two hours)

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

reading was 320 ur/hr at EB plus 4.5 hours. his is less than the current -

recomendations. .
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Gah BOSE RATES aT TIMES DETOMATION WHEN DECONTAMINATION GF PERSCH-
EEL SHOULD BE RECOMMENDED om fituation of Contamination Bristing
Soarumively Large Areas (one-half square fect or sore) of the Brinaad.

 

Detonation. A
fantenination

1 hour 200

2 hours 2100

3 8 67

4° 50

5 40

6° 33

@ * 25

ro * 20

12" 17

2 8
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POLICY 11:

Decontamination

DISCUSS]OW

Genera,

The establishing of degrees of wmdesirable comtamination en personnel

is based principally on oonsiderations of the beta dose to the skin. Fromaz

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

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

even though the evaluation of such meesurenents is difficult.

Fersonnei monitoring may be considered uxier two classes, i.e., those

teken outside a radiation field and those within. In the latter case it

would not be possible to establish prior criteria as to the relative con-

ributione to the seter reading from the econtanination on the person and

from that on the ground If it is impraatieal to perfors perscrew monitor=

ing outaide the contaminated area, probabil, the best solution is te astimate

the degree of personne) contaxination by determining the location of the

individual during fallout. The discussion under Folicy II suggested that

even if one were out-of-doors during fallout in an area vbere the whele-dody

infinity gamma dose was 10 roentgens, there would be relatively little chanee

of beta burns oecurring. However, based on general principles ef reducing

aa0 ane > ao

by ee ee

cemerivent “t



radiation exposure vhenever possible, bathing and a ehange of elothing aight

be suggested for situations vhere the whole-body infinity gamma dese was

less than 10 reentgens and should be recomended for areas vhere the exposure

ie higher.

Dunens

In table IT it was suggested that the relative average games dese

retes from a infinity eantaninated field at three feet shove the ground

compared to that on the natives measured by a survey meter held elese to the

body vast

aad #7/) (Utirik ttoll’
15 =r

ary = 8,1 (aAilinginae atoll:
§3 or/hr

| : } f 4 XLMUR 16/1 (Rongala; Ato]

It is recognised there are many meertainties in estimating sueh a

relationship by this aeens. FEwen if one assumes the dose rate readings vere

taken eccurately the factors involved, especially in relationwo the smount

of material collected and retained om the bedy, eertainly are not eonstant.

The nigher ratio at Rongelap Atoll might have been due to a physical

phenomenon where the quantity of zaterial falling per umit area was so

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

explanation is aceerted, there stil) remain many questions.

Theoretical considerations indicate a gamma dove rate ratio at three

feet above am infinitely contaminated field to that at four inches from an

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

&. “
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The sizes of areas anc distances from the surfaces vere selected inde-

pendently of any of the information on the fallout on the natives diseussed

above anc were estinate: of ares: of contazination and distances ef meniter-

ing that epreared tc be reasonable estinates of these parameters. The elose

agreenent between the gamma dose rate ratic. based on theoretical eonsidere=

tions anc those observec vitk the natives is cireunstantial. For example,

an equally contaminated area of three—inct radius would yield « theoretical
te+ °ythy’

gamna dose rate - times less than the selected area of simingh radius.

In the eaue of the natives, however, it is believe. that they were semi-naked,

pers;iring, and out-of-doors during tne fallout so that it ‘s not wmressonable

to expect relatively .arzge areas of ti bo¢y; to be contaninated. In fact,

this was noted wher they vere mon!tsrec: Py their acts of walking around

during the period of faliout and sleeping on aats thet were heavily contaxin-

ated it woul: sees. possible that slgnifieant ereas of the bodies of the

Ailing‘nee and Ut:iris natives sould be ag heavily contaminated ag was the

ground. (It is unknown: Lf there were sufficient winds thet might have

railed the vraberlal from the grounm: te the sody after falloutweurred.)

There 1s furt.er wncertainty of what 1s meant by the monitor's report

of "average" perscone!] reading’. The cose cate readings in the hair are know

to have been significantiy algther tra the -est of the body in most cases.

it te unknown how these reading: were “sver«ge*

whereas these data certainly ere not ?: ru enougr for one to place great

confidence in the crec.se quantitie: of tre rattos of 7/1 or a/l, they do
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indicate the obvious fallaay of accerting + lu=roentgen infinity dose based

on games dose rates measured on personne] outside the radiation Meld, Por

exanple, the natives fron Allinginae showec ;ersonnel dose rate readings

that would approxizate nine reentgens (gamme in 2; days and yet skin damage

to some degree wa: evident in 14 sut of 16 cf the veraonnel. Gm the other

hand, the natives frow Btirik showed nc skin damage with an estimated 2,2

roentgens in 24 days based on gamma dose retes measured on persomel. The

uncertainty ef these data was discussed under Policy [1. They do suggest,

however, that if the eortamination of « relatively large area of the exposed

body produces les« than one roentgen infinite gamma dose as measured by a

eurvey meter hel¢ four incher fron tre surface there ts a large probability

tiat beta burns wil’ not result (see alse diseussion under Policy 17.)

wren the same tose rate reading 1: ;reduced at a given height above a

surfuce fro: « smaller area, the amount of somtaznination per uiit area is

grester (other factor. being equal Therefore, it would seem desireble

to reduce the recocuendec tose rate levela when relatively small areas are

DOE/NV
involved. It io recognise! that radiation from anctrer nearby apot «ws con]=

tributa to the survey ameter reading wien sonitoring a mall area on personnel,

Gut this has not veen taken into account, first because af the diffisulty of

establishing a prior ap,raccai of t.1: var‘atle factor and, seoond, whate-er

tiis contribution may be it will now become ar acied safety factor.

Cf course, the wrobler: is at‘iil con: lex because when considering

analier and smaller areas the evential en cotnt 1: 6 singis particle,



iies+

=

4n estimate of beta doses at the surface cof an imaginary sphere surrounding

a fallout particle is given in Appendix FE and an estixate of beta doses froz

a single particle required to produce recoguisable erytrem: is presented tn

Appendix F. Calculations indicate that the apecific activity of some indivi-

dual partieles found in fallout would be great enough to produce recegnisabie

erythema if held in eontact with the skin for less tna ene day, yet the gauue

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

Additional information on desee from individual particles has recently

been reported*. The particles found ir smc around Hanford consisted princi-

pally of three raciolsctopes, Rule, Rudot anc ite daughter Ph106, the date

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

particle could produce « reoognisable erytiame.

Sentemination

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

tolerated than these for exposed parte af tne bocy. This was exemplified

in the natives where no beta burne were observed umier elothing of the most

highly eomtaxinated perzonrel. (This does ast include such areas as under

the waist line vhere material apperently sollected and was helinplace.)

On the other hand very large increase: in comtarination shoul not be tole

ersted since it 1s posalble for the clothing to be rearranged so as to bring

the contaminated surface in contact witn tre akin. Parther, it ts set

unlikely that one may rub his hands over is clothing and then through the

hair where £¢ eould be helc im place for relativeiv long perteda of tine.
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A further consideration is the bet. dose to the hands resulting fron

 

handling objects sontem! nated wit) fallout sateria., Although some data are

available on beta burns from handiin rar‘: active objects, the conditions

are so different from those associated wit’ falisit that eomparisons probe-

bly would not be valic.*

If the above assumptions and ealculations are eorrect soncerning eon-

tamination of a general area from fallout, then the transfer ef ali the

radioactive material to the hande from ar ‘biect of equal area would not

constitute a haserd rus, one night cons der using aa criteria for son

itoring objects, t:.@ doze readings given above for ponitoring personne]

outvsice the general rad.ation flelc

. Eowever, the ;robier iz mare complex sinee the hands may come {nto

contact wit: contaxinated surface: many tixer larger in area than the

hands, with an umceterzined percentage of activity being transferred to

the hands. Of course, an added uncertaint, is the frecueney of washing of

the hanc: and/or te subbing off of the sater‘a. frox the hands.

Furt..er, one tignt speculate that s given curface eould have signifi-

cantly higher cortarination than the genera, aree anc eatting handling of

such a surface ocul! sonstitute a greater ‘ak. Thies might de true because

of the greater emount of activity transfered to the hande or because of

the doses delivered during the time 7° actus'ly hendling the object. The

uncertainty of the wercentage of tran:fe- >? saterial has been mentioned.

One uncertainty i. the seeond case 1. tne Lengt cf time the object wouls

be handled.

**"Bets Ray Burns of Fuman Skin". Kneowlto:, et a. Jourpsl

‘ecica,association, Vou. & 4. Sept. 24, 195.
a | | -
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Based on ealeuliations in Apyendices ® anc [, when an object is held

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

layer of the epidermis tc that of the garme reacing on a survey meter held

four inches away frox ar object two inches in rediur ‘outside a general

rediation field) ts 2600—§200 te 1. (appendix I, Thus, if thie object vere

contaminated with the same activity per unit srea that would produee a

lO=<roentger whole-dody gauma doce from general contaninetion of the area,

it would produce about 77 ar/br gamms at four inches avay at HY) nours,

and about 200645° rep:“Lour st a det: af mga" * Sinee the pains of

the hands have an approxinate epidersa! layer of about 40 mg/on” the beta

dose to the basal layer would be about 135-.7 rers/hour, (The tine of

Eél was selected to sho. about the *tghest cagnituce of dose rates.) If

one assume: that the decay ile accor fn, t: wee ther the total beta

dose to the baral larer of the @ iterz! {> tie aext 19 boure would be

about 255=60. re; .

Whereas thw above estinates do not indicate an alarming situation, a

more serious probe: nay come when the contamination {a jut less than that

wiere @vacustion 3 indicated, For exacpla, the cout amination e the gemeral

ares wav be five or six time: that usec as ar {llustration in the preceding

parugrezh, withoul. evacuation being recommended. Thus, beta dose rates

from handling objects, especially ir tin soon after fallout, may be high

enous’. to be a probles. A sinpie and expedient procedure to reduce this

factor is frecuent washing of the mands after handiing obsects that ware ir

the fallout.

 

®The:e numbers agree fairly well with the computations in "Bete-contact
Hazards aseociated with Gasmaerediation Measurerents of Mixed Fission

Froduets", Teresi, J.0., JENRDL-3<3 (CONFIDENT! ©
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It was suggested in Folicr :. tiet normal closed-type footvear (as

compared to euch ms o0er sandals woul. crooably afford adequate protection

against eignificant bets doses to the feet fron fal svt saterlal on the ground.

There is still the added problem if the uster‘al be seuffed up and eling to

the ankles and lower legs. If there vere n> intervening clothing, or

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

viological beta doses being delivered to these nart:. For example, if the

gamma dose rate reading at H¢) bourse vere someting lesz than wi roentgens

per hour, evacuation would not be indieatec Rowewer, for fallout material

of the same concentration in sontact with tue akin the beta dose rete at

7 mg/es* would be about 60 reps/io.r ‘see Appencix B.} Presumably, per-

sonnel would be ke:t indoor; for a few hous but upon release the aprroximate

beta dose rates at 7 mgca would be 26 - fap three hours later gr 210 eer

eix hours later. In addition, there ia tre variable factor ef what concen-

fallout WON
tratior of Sipunter: tay eocumulate in tre ankle region by walking eround

ar area.

s concentratior of fallout mater‘a. sn the ground that would result

in about 20 roent,zens caxinu: theoretical (afnity ganza dose, Lf in ¢_ontact

wiki, the skin woulc result in + bata. tose rate to the basal layer of the skin

of about 1/4 MRM thoce indicate: 4+ <2 crevious paragraph,
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activity bas decreased significantiy.

4 given dose rate reading inside « vehicle may represent less sontanin-

ation per wit area dus to the contritutien of gamma radiation from the

exterior ef the vehicle. Om the other hand, contamination vithin a vehiels

wuld more probably be picked up by persaunel than if it vere on the cutaide.

Further, it is reecgrised that significantly high concentrations ef redic~

active fallout may accumulate in such parts as the air filters of on

automobile. Again, this has to be veighted egainst the probability that

they will be handled before the activity nas decreased te low levels plus

the fact that it is relatively difficult t« monitor sueh parte an a mass

basis. The uncerteinties present in estimating possiblehasards from vehiale

contamination would mot Justify Cine distinctions in monitoring the various

parts. 4 thorough cleaning, inside anc outeide, would appear to be the

best solution.

One of the obvious ways to evold such of the problem diseussed in

Folicy IV in to prevent vehicles entering an area during the tine of fallout.

Thiz will not prevent the first vehicles passing through frompicking up

activity on the tires fros the highway. [t is beliewed, however, this will

not constitute suat a troublesome problem and pest experience has indicated

that the aetivity found on the tires noticeably decreased after several ears

had passed ower the highvay. Purther, (ff vehicles are not present in the

fallout it will help reduce contaminati>r o” the passengers and of the

insides of the vehicles.
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Querationg)Feasibility

In the past, the criteria used for veshing care has been 7 ar/hr, and

at a later time 20 er/hr (gamma), inside « vehicle. This resulted in washing

about 75 cars (roughly 1/6 of the total aonitored) following the seventh and

ninth detonations of Upshst-Enothole. Under the recommandations given in

Policy IV, the bus mentioned sbove, but probably none of the ears, would have

been washed,

The data given in table [¥.b. indicate that (f theee radiation levels

given had been predicted before the fallout Bighways #91 end 93 vould have

been closed prior to the fallout from the sevent! detonation and possibly

highway #93 for tie nint’ detonation



 

 

soptemination, Based ea past

data, however, it is net expected that under those eenditions of fallout

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

uation, that the degree ef contamination wil) be a health hesard. (Ser

is it implied here that any Level above this dees eonstitute « serious

contazination of water, air, or foodstuffs.' Therefore, reogemended
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DISCUSSTOS

sates

Table Yloa, liats the six location: having the highest sencestre-

tions of fission products in water sourees during Tenbler-Snapper , and

for oorparative purposer the sstimated theoret teal naxinea gunna infinity

doses.
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Concentration(microcuries Theoretical Masha
per williliter extrapolate ‘Whole-body Gamma
ec ic 3 days after detona- Infinity Dose

 

Virgin River Irrigation Cana:, Nev F.7 ¢ yx é.

Irrigation Ditch, 56 mi.ao. of Pioche, Nev 4S x 19 0.15

Lower Pahranagat Lake, Mev 3.2 x Loeb 2,

Virgin River at Mesquite, Nev 2.6 x 197? 2.5

Bunkerville, Nev (ta; water i.2 xe 10° 7.0

Cryxtul Springs, Nev (ta. water 12 2 low 0.7%

Due to weat>er anc to attenuation of the gamma rays by buildings, the

whole=bocy gamma iose estinated to have beer actuaily delivered was probably

closer to one=nal” of the values sabowr

The waxisuy vermissible eoncentration of fission products in drinking

water is 5 x 107) ne/:. extrapolated to three day= after detonation. This ‘4s

considere’ a safe concentration for coentiauoun eonsurption.

anereas, the monitoring of water sources {5 of value for docusentary

purposes it should be recognined that the concentrations found‘tay vary

widely within small geoyraphical arecs and even at the same loeation at

aifferent tines (taking into account redicective decay). Thus, confidence

eannot be placed in precise values. Table V! a. sugsests thet even if one

ware to have stored w the water listed at Virgin River Irrigation Canal

and subaisted entirely on this for « lifetime, the concentration would be



 

about S58 timee less then the maximus parmissible amount. Mermal facters of

dilution by additional rainfall and/or by whe influx of lesser contaminated
’ -

ground water would reduce the level of activity

Ait

Considerabie effort has and is being made to evaluate hasards from

eirborne radioactive asterials, including fission products. There are ser-

tainly many unanswered probleas inoluding the possible basard from a aingle

particle in the lungs Despite the uncertainties end as yet incomplete

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

that the external gamms hasarc fros fallout is the more limiting factor of

the twot, (However, see discussion on fooc eontanination.)

Daring Upshot-Knothole quite complete data were ecllected ef eoneen-

trations of airborne activity an about 14° >secasions in some 40 different

localities within 2% miles of the Nevada ‘roving Grounds, These ineluded

monitoring of all detonations. Histograms vere uace of air eoncentrati ns

versus tine after detonation for 30 oecasians and estinates were made of

doses to the lung:. These dats for the f.ve coammities shovingthe highest

air concentration are giver in Table ¥. b The histograa for 36. George (the

nighyed hour average concentration of fallout ever ceasured in a populated

area) is reproduced tn append‘: J,

 

#ic Hoc Committees “eeting. «ashingtor, vanuary 20, 1944.
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St. George, Utab al me: 3.5

Lincoln Kine, Kev oe) x LOT? Le 1.5

Yecquite, Kev ae? x pt 5, 1.0

Groom Mine, lev 3.4 x 107 ” 0.35

Hioche, Nev “«.}a ce™ 3 0.015

“The method used in astimating doses to the lungs is given im Appendix K. ne
aessurption mace was uniforn: distribution of padiatien whieh, of course, is not
entirely accurate.

The criteria previously established by an 4d Hoo dangle Peasibility

Committee (washington, 9.¢., duly 13, 1991 , for air eoneentratione vas

“at a point of human habitetion, the activity of redioactive
particles in tne atacsphere, averaged over a peried of 24 hours,
shall be limited to 150 mierocuries per cubic meter ef air
(correspending approxisately to s ground level gemaa intensity
of *&om/ir

DOL NY
"The _4-nour average radioactivity per cubic meter of air, due
to sus;enied particles having :.aneters in the range 0 nicron
te $.0 microns, shall not exceed 1/100 ef the above; nor is it
deairable that any individual particle in this efse range have
an activity greater than 12~+ siecrcouries calculated 4 hours
after the biart.”

In the January 2C, 195. meeting of the ad Joc Committee the basis

for recommending the above air coscentration was discussed. Essentially,

these eriteria were eelectec by estimating the gacma dose that right be

delivered by the ~assing of a radioactive clou ‘Since there are better

eae

.
u

o
é



  

wn

methods of estimating gamma doses anc sinoe there are uncertainties in

evaluating the hasards of such transitory air concentrations es experieneed

from fallout, ani sinee the preponderance of evidence from pest suelear test

series indicates that the external gamca hazard is more limiting than the

inhalation one, it was recommended in the January 2C, 1954 meeting to

strike from the record the past reeomendiations for maxizun permissible

air concentrations. I[t was recommende: thet an air monitoring program be

continued for documentary surposes and for whatever value the data might

have in the future uben new analyses aight be sade in the light of addi-

tional knowledge.

4 further discussion of toe single article problem may be sade.

In arriving st the reeommencetion '.. user ta kt deatrable that any indivie

Cin, particle in this s.se range have activity greater than Lo™* eieroeuries

celicuiated four hours after the bliast” «a computation vas asde that the arer-

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

in raciuz would be 3c* reps.* However, the conclusions may be misleading,

in the sage of a singie ,artiele, relativeiy large dovesare delivered

near the particle anc smal’ doses at a greater distance. Appendix | suggests

one }ousible estimate of tris nhenomenon. fhe parameters involved here are

many and diffieuls to evaluate Por examjle, how long will a particle remain

in one place in the lung and what doce wil. be delivered during that tine?

It has been suggested** that 4: the sapper respiratory passage 2O—mteron

dianeter particles are the upper linit of aise for deposition and that "Cilia

 

#.inutes, Meeting of Committee to Consider the Peastbility and Conditions For
a Preliminary Radiologie »cafsty shot for Jangle. iL.a.3.L. May 21 and 22, 1951,

84H 4233060, A status report. Sept 16, 195. CONFIDENTIAL; .

 



swee; 4 to & cycles par second. The ;robabliity of « vartiele remaining

within one mailiimeter sone for as mich eas one-half hour appeare te be

vanishing small. .. Proteetion wil. also be  rovided by the auous

lining which is ‘tself renewed several tine: am hour." Accepting the

estinstes above and the methods illustrated in appendices E and F, it may be
4

conyuted that about #3 reps would be delivered te the surfaes of an inmagin-

ary stationary sphere one millimeter te radius by a 25 afcron particle (@/ ~~
4

uicrocuries), " Larger doses wdbe delivered closer to the particle but

with the relatively rapid movement of the .article, it does net appear

that large doses will be delivered tc « great munber of cells. Multirle

exposures might ocour fror a’: itional part cles but again this risk is

difficult to evaluate

Foo.

Consideratle effort is being directed toward the study of seontan

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

has been estimated thet if one ware to subaist entirely onfood& wm froz

selis containing about one slcroeurie er square foot of or* , (1,000 pounds

of calciuz per acre  tnat over a j;ertod of years there would aecwmlate in

the muman akeleton 4 vedy burcen of one aiarocurie ef srs, Seils taken

 

from »

gbout wiles fros the Wevada Iroving Grounds, now show a concentration

of misrocuries per square font

*‘rivyate commmnication, L. a. Dear, 0 . “e,artaent of agriculture,
Beltsville, Marvlend, Apri] <3, 1°.



(Although not of direct concern & the Nevada Proving Grounds, it is

of interest to note that soiis were collected from the Marshall Islands

follewing the faliout in early March 1°52 appendix | summarises these

data.)

A recent report® strongly suggest: that contamination of leaf

surfaces folloved by either direet consumption or intake by way of milk

is far more en tsportant pathway of intake than by the soll-plant-animal

cycle, at least for thovse times of yesr when plants say be in a state of

growth to eollect the fallout. Purtner anadysis is being plarmed.

This same report® raise: a new prosiem. Based on stated assumptions,

tie data presentec indicates tuat doses to the thyroid from fodine radio-

faotopez may be « greater casard tras ee Further, the report suggests

that fortrose time: sf year vhen intake sf fallout materielnayows by way

2f-jeafy-curfneee, the dose to the tnyTo‘! ‘delivered in a few weeks) may

be many times greater than the theoretica mexim: external dose, Additional

evaluation will be given thi> problar

 

evort on Gabriei. BP°aEC, DMvision of Biology end Medicine, washington,
Leu. duly i734 EOC ET
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If integrations of dose rate readings are used ia estimating the effec

tive kiologisal doaes «ten tavle ¥ my be used,

attent
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Moxie: theoretical radiator

doge fror tim = ‘a '°4  w

X15 dave latar.

Meximeor thecre: ca. «dint oon

doge from 15tr aa, & one

 

year.

TOTALL
(best estimata cof
effective biclegioal

does; DOE/NV
iffilmbedgerordogemeterswornon mad the syicence  

 

badge may be acospted with a eorrestion factor of 3/4 to socoumt for the

differencebetween the dose receivedby thefim badges ar dosimeters

{including backscatter) and that receivedat atissuedepthof
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1953 the follor ¢; rec seat Wat nag

"lt Ls recommended, and fod ‘ole oc Arai. owli tte oresent

price plea of geterm: ‘a7 permiaai le exroa re Licits, t at for test
aperat’s ere nel: @ < ‘al oc facma axoosire ¢@ limited to 3.9r in

C irptes Wiews, a 1a te gage “lomoure « &@ lied to tie off-site com-
min. ties wo o fo re ep qualivica . ‘ e later case tha? 1. is ta
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The genera) effects of beckscattering on spagured radiation doses are

fairly vell established. Further, ‘knowledge af depth (tiame)-dose surves has

edvanced to « quantitative state.® Thus, there seams to be Little doubt that

a film badge or dosimeter vorn om the persona wil) over-estimate the gem

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

blood forming organs) 4 major facter in determining this difference is the

quality of radiation wader eonsideration. (ne repert®* dealing explisitly

with radiation iz « fallout field suggests a faster of about 3/4.

DOE/NY

 

Rreoren of StandardsTeadboot39. _beptanberi
HWTELL. Badisticn, January 1954.
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EX avLd

Assume: Tine of fallout & 443 ors

Then:

Dose rate et H¢3 2 669 ers:

Theoretical maximux cose from time of

fallout te three hours later

Savings by resainiag indoor: far
threes hour:

One vear effective biclogiosl] ¢<ose if
personne: dic recain indoors during
the three hours (based on same arsunyp
tions esontaine’ 12 seetion on svaciune

tian

Fer cent of one year effective bloiog=
teal dose saved by recaining inioor:
for the three hour:

BYARPIN Co

Assure: Time of fallout ® RA¢3 ors

Then:

Leze rate at R63 S 667 o/h

Theoretical maxim: jose fron tine of
fallout wo eixztht hour: late:

Seving: oy remainin, ‘: oor for elght
he ur

me year effective bicriogical dose if
personnel did pot reve. indoors
during the eight hour (based on sane
axcpucsptione contatna (: sedation or
evacuetion’

Per cent of one year effective biologe
ical dose saved by remaining indoors
for the eight bors

  

1.0

0.65 r

Pnll § eo rT

a 13%

2.0 r

1.15 r

POR ONY.

a°5 Yr
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The following jate are abstracted from experinental results, wherein

a thin pse soure@e prepared by soaking « fiver paper in a solution ef

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

with e surface ionisation chanber. *

Thiekness of source 9.6 ng/ex*

Activity of source 77.49pe/ent

Surfnoce dose rate 0.127 repsee
457 repe/hr

Dosage rate at tertr of « cert seter+ e770 5x

 

Sabet ituting abowe data:
. $14 Roe6 215) (92907) gy,

a 

= 0.0 C repe,hr

Let © S77 p20, ox

Thm Re yx. 7 |
#539 repa/ho at “ mg or

 

OA 



 

on

B. Experipentally
Row 657 a7FSO

S42” repe/ur at 7 ug/ewt (7

The two above approaches are withir 2&4 of each other. If one extrapo-

latez the experizental date froz = source of 9.6 ng/em® to a thin source

(for coxperative purposes’ the two metso; are within 208,
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ALDOR

Assume: a. Joint source
b. 0.5 Mev average beta enargy
ec. jee lo er~/gn
a.‘ Rate of decay follow t7!--

The dose delivered at the surface of an ‘raginary sphere at distance
K from a point source.”

(1) E(R) © Rep
we grec

where: E(Rj dose deliwered at the surface of an
imaginary sphere at distance F
average energy of bete particles
total number of disintagrations
vases abserstion coefficient

&
C
AlSubstitutingim @ 10 em/ga

Be 0.5 hev, L

Then: (2) K(R) 3 2.30" <— tev...
gorecisintegrat Lor

6.

(3.a.) KCK; = tom >

ar

6.3¢ | ae |

(Goby BG Be gme xgt pi airace DOE/\\
Re disintegration

Equation (3.4 plotte, an the attacher graph.

FOr. FPISSIGN PRCDUCT

where: a, = Jisintegrations per unit tine at time “a® after detonat io:
Az @ disintegrat‘ions -er unit tine af one unit of tine after

Si
  

“Rossi, Hail, and Ellis, B.N, "DistributedBets ‘ources in Uniformly absorbing
Media" Mygleonisg July 19%, ¥. 7, Be

frites. Ame

Wee "oy
- . ig. if

+

m
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Integrating equation (7),

(6.0.) CS Say (tg™r4 ~ee.

and

: (6.b.) © Sgt(bode,9042
3 where: .B ® total number of disintegrations from time *a® te ">"

t, ® tice efte: detonation

\%, @ later tine after detonation.

we
ob
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7
a

d
e
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d
b
a
S
e
a
t
h

eg khen t, ic infinite,

: (7) Ce SSA By the use of ecustion 9. om i.h, ap 6b. one may compute an

ectirrte dole st the ccrface of => funet ary -chere.

Cf eource, the crotia: ¢- tre determination of ae and *t.*. 1.®.,

how long after cetonatior will a radioactive ;article appear in the lungs

anc how long will the particle rerair i- lace. The firct time (t) is much

@esier to estirate t-er the later /t,

(See text page fo
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fais c? woull be required to-. mpat specifoc acci7ite oF & jar

deliver tie tame dose to the ame lent 3% ¢

mue:too" ow ert co ¢ ¢ tlre after detonation

that the particl+s eonea bo cortar wo the rs ac azing this tine
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Gamma dose rate readings at four inches distanee from a plane surfaee

two inokes in radius, is 1/40 that from ar equally contaminated infinite

field. (See Appendix Dd.) Assume an object having atwo-ineh radius is eontaminated on all sides

(but not necessarily wniformly) ac that the gemma dose rate is 1} times

thet from an equally contaminated surface whose area is equivalent to the

major cross-sectional plane of the objeet The frastion given in paregrayph

one mow becomes about 1/2’. Further assume « 1901 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 sate at four inches will be

2700/1.
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The following assumptions are sade in estimating radiation deses

to the lungs.

A.

B.

Dd.

z.

r.

Twenty per cent of the inhaled agtivity is deposited.

There will be no elimination of particles during their radilo—

active lifetimes. There (3s .ncertainty as to the blological

half-life of particles ir the lungs. In those communities

showing the highest concentrations of fallout, the peak of

airborne material (whic! sceountedc for the greatest percen-

tage of total fallout. oceurree only « few hours after

detonation $f ome assume: » radiological desay acoording

to t"*'* and a biologics, naif~life of say 30 days, the

omission of biological half-.:fe wuld not affeet seriously

tre computed total dose. DOE/NY.

all of the activity 48 associated wits particles in the

respirabie range of size: ‘ut data from cascade

im: actors tndicate that about 90% of the activity is associ

atec with particies 5 aicrons or leas ir the communities

surrounding the Bevada ‘roving Grouncs.

The lunge ere uniformly irraciated

The weight of the lungs is 90: gras.

An individual inhaies 2° cubi: meter» per 24 hours.

yer “faee (ming
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G. The «average beta arergy is 15 +e

HE. The gama dose is negiizitie sonjared to the beta dose.

O612 = 1135 4.3 brs 3) br. wl A5. Bed

12130 = Ast 2a WS t br « Se 6.3 1.26

1445 - 1E45 4D bra va 8 kre a kA il 0.63
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