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Attached are the draft forms of the Policies of the Atomic Energy
Comnission Regerding Radiological Safety of the Public During
Weapons Testing at the Nevada Proving Grcunds that we discussed
several weexs ago You wild not# there are only a few minor changes
and that tre-e have been asics: ‘= sew sections (Policy III and
Policy ¥I

Since the policies are still ‘non d-aft form T trust you will not
mind reviewing them in carbon ¢op, form. The Division of
Biology and Medicine has reviewed the policies, and after incor-
porating recumendationa fros you and others, they will be rewritten
in final form “ar Gommiss‘ton «c "
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The following policies were established after full sonsideration for

the health and welfare of the public, both in terme af rediologiesal exposure

( as well as possible hasards, hardships ar {noonveniences resulting from dia

ruption of normal activities, They are onmeidared to be sound guides to the

Test Manager not only for protecting the health end welfare of the public but

also in arriving at decisions that would be morally and legally defensible by

the Atonic Energy Comission.

j Two basic sasmo>tions are made in this repart:

1. It is the responsibility of the Division ef Blology and Medicine

to establish guch polieles for the Atoailo Energy Commission as

deene’ necessary to pretect the health and welfare of the

~ general populace from consequences af weapons tests ecnducted at

the Bevada Proving Grounds.

( 2. Although the Diviaton of Bicloyy end Medicine will gladly give

assistance and advice, the cparational prosedures adopted far

meeting these policies eisai] be the regponalbility of the Sante

Ye Operations Offtoe ani the Tast Manager, as directed by ths

Division of Military Applications.

}. The following paliates do not epply to domestic or wild animals since

levels of radiation which would be aigni’ cant would have to be mich higher

than those speci*{ed herein.
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FMPRGFNC? EXOVORES

POLIC?

Fvacustion

Tatroduct.on

The decisicn to evacsate @ commnity ta a critical one for tree

principal reasons, ‘ne, presumably tere mic’: be a health hasard if the

personnel were ailowed to remain, Two, ¢cere (s abrays an element of danger

and/or hardship to peraounel involved i: suct an emergency measure, ‘Three,

the evacuation ¢? a siza le communi! wo lt seri:sly jeopardize the future

use of the Revaca Proving Orounda and tone affreet to country's weapons

éevelopment prorran.

It dea reco uiece: tat extemuatinu toccoometajces may e@eccomany any

aituatioa where cco xnstiong d.ct.ca‘e evac ut -: as a wmode of action, The size

of the comutit:, aveas and accomodati: = available for the evacuees, meas

of trangortatior a riosotes of evac ti ou, tiapoattion of amulstory cases,

protection of te mp oferty ieft bet ‘nd, a many otver factors may enter into

tie decision revative to evacuation, & * Lacwet evaluation cannot be made in

advance; @ac stlusa* s.eanteuntige, “+ “llowng erlterla t.crefore are

in

Sugyested as fuices‘assessivng toa poss: oa ractolor‘cal tazards; the final

decision must *e ca"e on the ‘asieo* #' relewant factors known at the time.
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fable Ja svamcrisas the radioclocica:

the feagitilit, of evacuation,

RATICUUT I A CRITERIA FOF FA!

Effective biological Dose*
Calculated To Be !elivered

In & One Year Per! od

ingFaltout

Up to 30 roentge us

30 to 5C roentgens

50 roenicens aw oo 7

eriteria to be used in evaluating

"oT, POAC RILITY CP FVACUATIOR

Windme Effective Elolocical Bose
J.at Must be Saved By Act Of
Tvacuation (Otherwise evacuation
wel not te incicated,)

{—o evecuation indicetcd)

1S roentrens

('wacuation indicated without
repard to quantity of dose treat
mi nt be saved)

eThe “effective i‘ olorical dase" in an estimate of a tiolocical "canare"
dose, taking into account tre leyt ime for delivery of a civen
dose, and ts redostion of dose die ts “a) ewdeldinr afforded by

.
tufidings a.

ZT?

toe oreacse of wnat ev -
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The rationale for table Ta le as fillows: The total effective tiolorical

dose that would be received if evaciat.>° were not ordered is obviously a

determining factor Another tonsiderat >- ts the fact that suc: an action

@s evacuatio= es:]4A ve davwercus to tie Oiivicuals and could also possibly

be detrimental to a rery necessary om'! al effort of weapons development.

One gust trec ag, “Sst how ame) ow! eo gn nec fradiation dose saved) by

wvacuotion?® Fetimates of these two wa-ts: les are indicated in table Ia,

Thua, @ populace mar receive up tc # ca > lated 3roentgen effective biological

@ose in one year with indicat( yg evacnetion "rom 30 to 50 roentgens,

evacuatio: would be a. sidered onl f° 4: least 15 roentgens could be saved

ty sven action, ad at SO roentgecs or ‘cher evacuation would be indicated

without regard tof o* coag, le wav ga  . raclatic dose,

To omakiog a rout astirate of a «oo doses, one war calculate @

theoretical marteus "7 nity ganna ‘cw a ¢ “el ariitrarily divide by some

mmer suc’ as "7" for an estiv-ate of 4 se actvalls received, Frereas this

way be satisfacstc  #s ie forst acoros -.’' > 7c, 8 more realistic estizete should

tLe made, espec all. we ceall g wie t aen * ot nto t constitute a bealt

haserd,

Ine to the seceass(’: 07 sakiog €6° pesstre sits and decisions, it is

to be expected tha’ (icasrate reac gn, taxe with survey meters, will be t:e

availatle evidence a tie times of comer Tavle Tb surmarises the parancters

considered {> esti wand a effet re Jtoct cal cose based on dose—rate

readings,

a Sire



 

At later tines after fallout, better estimetes of radiation doses received

may be obtained from film badge readings or dosimeters, If these film badces

= or éociasters axe worn on parsceme) and the evidence af thelr use supparts the

= view that the peacings are a reasonably soctrutc ncecut of the reciztion dose

) received then the waluse recomied on the fo bet: cr dortectcr may be aocepted

with a correction factor of 31/4 to account for the difference between the dose

received by the file badge a dosinater (including backscatter) and that received

at the tissue depth of five centinsters, ‘Tahle Ic aay bo used in eriinating

the effective biological dose.

  

A B c, 2, z
¥ - = = Effective Effective

Oo

Mila Badce so Fa
Film Badse PMolocical or Dosimeter (Colum 5 um A
Reading Factor —«s—s.- Correction x c) x

From time of fallout
until time of yi Ma Mi

) evacuation ,

From time of return

to 15 days after 37 3 fe
initial fallout

Froa 15 days until |
one year after 24 af 1/2

initial fallout

ew N(F ; TOTAL

- | *The value of 9/lf hes been rounded off to 1/7.
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At leter times after fallout, better estinates ef radiation doses received

may be evtained fran fils badge readings ar dosimeters. If these fils badges

~ er dosiusters xve WorE ob personnel and the evidence ef their ase supports the

view that the readings are @ reasonably scourste scocunt of the radiation dose

) received then the values receried ca the fila badge or doginucter may be accepted

with a correction factor af 3/)) te account for the difference between the dose

received by the film bedss or dosimeter (including backscatter) and that received

at the tissue depth of five centiasters, Table ‘tc may be used in extimating

the effective ticlogioal dese.

C TAR! Ie
a { Dd. r.
- * & Effective Effective

Vila Beige Dese Factor Dese
Fila Padre Biolorica! of Rostorter (Colom F (Colisn &

  

Reattn- Feet Merrectior x C} x [)

Frou time af fallout |
until time ef LA W, 3/h

( evacuation

Frou time af return
to 15 days after v1 */ 1f2-
initial fallout

From 15 days until |
one year aftar 7; Fae 1f2
initial fallout

A POTEL3

- *The value of 9/lt hes been rounded ef’ to 1/?,
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Discussion of the Biological Factom As longer periods of time are involved
 

in the delivery of a civen rediatio: doo, lesser biological effects my be

expected, Fron te time o” fallout anti” the tise of evacnation probably

will be a matter of hours w ic’ }as ber sonsidered essentially an instantan-

@ous dose, i,6., 4 “tologioal dose fac or ‘a 1/1. From the tine evacuation

eould Le accorplis ed tc time of retur coro abl; would be a matter of days,

go the biological factor as bee estina ed at 3/4, From 15 days after fallout

until one year later is essentially a docatio: of one year, so the biological

factor nas bee est. rated at t/7. Tow J be ated t ere 4s no caleclation

after one year, because it is excectad u wer actual evnditions of rediolorical

and weathering that pro'ably) no sige’ “ia * dose will te delivered after a

years tine,

It 1s rvcog:ized tat te prec'@e qant'‘ies sug, ested for te tiolor~

deal factor oa wt se mpported ?y co clus ve evidenoa. It is reasoratle to

expect tat te deliver of a give- rat‘ation dose over @ period of man. days

will have lese biolorical effect! veness t a- an instantaneous one (neclecting

genetic effects’ ad treat te exte g's: a the per'od to essentially ow year

miould yield @ sti 1 lower tinloyical factor, ‘ne niece of supportive evidence

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

into equal daily amounta, and the tiolerical ef’ects compared to a one treat-

ment dose. A Leiedes. plot of total doses werm:s days after initial treatment

yielded straigyt Lines, For example, ‘*# curve fer skin necrosis indicated a

ratio of JOOC/ UM reesupens for # cae co atmer! wersus TS daily equally

-Stevert, Tal! We. * 72 Tolerance oc eo ote Prevention of Infurtes Cause¢c

by Touiging Fadlatlons”* .

Vol, 2X,ho,P3C.Aup ‘
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fractionted doses, Of son-ee, dati» reta foses rece'ved from fallout are

not equally fractiowted m tha’ toe rato wn ld oe ir te direetio of unity,

Day by day doses delivered ‘rom fallout front lt dar to one year are more

nearly equivalent t an 8' earl: times [1g wing the weat ering factor). Strandgvist

dara do not erie « beyow Lb days ad | 6 ques’ic a .e to extrapolate hie deta

in an attenpt to ceri we a similar ratio as 4 vve based o: one year, sisce oter

uncertainiles are eo grea’, 1.8,, of ec's o° wea eri ¢ as affecting t.e rate of dose

Geliver;, etc. Te re’io would presume fa-t.er from unity tian for a 15-day

period,
a

The geio is/relat wely rearidi> repatce! ocgan and tous may tend to over-

err. apiae tie effects of fractiowtio. wer consider! ¢ wole' ody gama doses,

Cronkite reports” "IT. t:@ dog, with co alt gama raya, te dose tat will kill
SO perce tof te dopa io a t irt“e aro, woe del.vered i> a gi cle dose at

rovy l. lS r perm. cte be apory trate, 7 or, bf ier tis doce of racsatio tre
animals .e¢ore illo wet loop cerdod ao" 7 © 4 de 5 8 at Cea! © occur -etmeen tre

efr t a a trent - 774 4a, eowrro gee, 4 fot ok, ac profounc aneria are

prevalent, If te dose (8 decreasod to 1% Proper cay give over a fourtecn our

period, te let ai dose is Lo creaas te 6O4- Mor. Unter ‘ot conditions, te
animals die in apjproxicately t @ sane pert :( ao” tine wit ‘ide ‘‘cal pa tfestatio os,
If te exposure i: drowvec t. 25 rorer ta -:.ve- over a Soirtee -.our period, tre
let al dose is ter ‘Srcreased to well over lL? r, ax ts 8 micas ax find ars
are cacred.* Cne pro lec tm pie exerts ‘a is t @ evaluatio of possi Llity

tat te aniwals ma. ta e'rtua*’l deat woof) toe ex osures are eortinued, “is

mivot edllvstra‘e¢ ‘ ecerizne ts us "eo owen wore tee daily doves of LO,

200 and 100 roentpe s civer to ( ree se acace grows reqeirad 3600 te £000, 2700

to 3200, ard 2000 to 7°) total metze is respectival for 10 par cent let ality*®.

Medical Aspects of Rudioclozical Tefense. Criaxite, P.F, Lecture to Federal Civil
Tefeise Administra:!c-, Reg onal Confere ce 9° Rorteascer, Staces of Radiolo-ical
and Gerical Defense, Bew lork Clty, Ooty er 77, 19°3,

 

VOLA~295, Tes cine O° fo » “er: Lor fa Ye- ot Terma 8 Cacletiow.

Paie, , . evs te? ai, . “vr } . is se 1A ,
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Experitme;tal data seported tv Bocte’ are momar ned below.

Ho. of Dose per ose pir & rwiva Fotal Dose

Days fav (r) keef(r) iineFes) r 

 

20 10 60 %. Viho
10 t 3 Pa 23.5

Unfortunately novmal survival times were oc pi ve: aor were tre ages of tie

animals, ( Ay a)

Pleir*®* tas ca c¢ + @ two points from "oc' e's data, inserted t ese into
‘is (Blair's) eciat! «1 relating reparable ad irreparatle casace., 7.e ratio
of insta-taneous doge ts (© day dote 6a7° LSC on C32, aad for h mo t:s dose

@ svt $25/350 ar 0,4".

Plair mapresas t ¢' "Se poln' a are *.. Mew ty decvermice ( @ constan‘s

{of te equatio ww a: Boe“rec " | a8 »  @t aeast -@ in toe proper

renge,* Forever 1° ¢>:etac’s of © la e -'! °° ave c ected well wit’ more

exte sive dsatac o roarttei ae fa egg & i dicate tai t.@ rate of

( “ne feo Lom mer ee Sd ET LTTY

recover: of repaorn 6 fo fone, de fastes °° @ muse, movi one al’ ag fayt

irate ret axdao: 7» eeseve tos Sas oe pt wa pig ac cop, nt as

Blair pot. ted os too raactior e™ 5 a tos .8 move Peoreseniative of t.e¢ lar,er,

lowper—Lived a dcala,
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Teacuasion of te Attemation and NeatcriyPactor, From tre time of fallout

until t.e time of ewac atio 1* Ls expected toa’ personnal will be kept indoors.

(See Policy K.) Eajor losses due to vce’. 4 yp cat met -e relied upon during

this period, so t'at te eastinsted factor iy 1/7. Sron te time evacuation

gould nave tee accom lia-ed nittl toe time 9° walisatad retur- it is asgeued

teat persomel will e'* dors aot al’ of wae 2?) oura ad t-at major

« o~losses due to weat er‘ ¢ ca ono. @ relat oce:, "@ ¢ver-all factor is tus

3/u.

The sant reaso (cp arplies to . @ t tit oeriod of time, t.e., from assumed

tine of return te LS cde 6 acter falls:

From 1S days a*ter fallo:t until ow ye:r leer i‘ fs estizated tat the

attenvation die to Lidia aid te effect. af weet erivg will yeild an over

all factor of 1/2.

Teoge rate readin, s uave et face wie sorve  ec’ers outside and inaide

of houses aroun’ t e Hevaca Provi-g Gros after fallout occurred. ‘the ratio

of readings varieé wit . 0 tyo@ of cocetiuesti iof te vovse and wit. ve

location wit f- te giidiag, Geveral. , t e racic ef readings outside to

inside a frame hovse was alout 2/] wit) # » ew at greater dilcrence for

wasS ry Gonstructiow &@ lieited mm ero " im acges were placed ovtside

aod 1 aide of s me “oo+es Gari g Tum lemSa per acd also 7s o'— not ole,

In the first onac, te affere ce it cota loses was aga’. 2 tc 1 or cpreatar

bet during Ups-ot-%now ole 9.1, abort a Pl 4 *f-rence was ~oted, Ino fact,

in one case duri:¢ bs oF mot ole Lon f lm arve 1 atte read “ig er t.an

outaide, 2 e AlTete L ri wtfa tel lUunlUme 648] tetaowil?) ave to e«

Luvestirated d@urs: * woop tail 8

DOESPLD
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Te very o‘ure 0’ te weal ering ‘ac‘or maces t ig a di ficclt paramcter

to evaluate, Te pro at‘ lit. of cecirne co of precipitation and/or winds aw

to what degreo as to © estimated as well as their affects on radiation

levels, Leaching effects were st:cied +: s:(la « ovt 1H miles frou ground

sero where fallx«w* ac oceur-ed durt ¢ } o1-"not ole. Dose rate readings

were inalenificea *1 ‘lower tha: ¢ ose predicted ov radiolocical decay according

to tr7ie2srier a pemod of more t a one ar, Tne exarple of tie effects

of w nds wine can o served during Cpa co —-fno’.cle. Tre fallout from the

Kare 17, 1953 dete wt’ si was in @ long narrow pattern to tee east of ground

Bero, The scecnd dav after fallo: « -e. er etr- og gurface wird blew alsost

at rignt angles acriss tie area, for Boo:t @ period of a day. [ove rete

rea¢iygs were taxer o° ta frat aw fs .-* dave et t-@ same locations and

ten were Gomsred, “oe fo.ca tose rates were less, y factors of t ree

to six, tan 1 ope % © expected ric . « firs. Gays readi: cs, ‘asec 02

rate of decay of te 2, (Ot wr fallac! measurenerta@ indicated tat the

rate of decay of + (is Talloct me ertal eas ict wlenifteantly differen‘

CI

tl



fron t71-2,) Because -' t ¢ wye'cal eonit'tocs described sa ove, these

—— reductions in cntar na'i> prove lt) are ome t 8 u-cer limit to be expected

. fron wind,

Joeraticow Peas' '*' + o° Criterta

It is no * w iracnt ‘ere to ¢ec sax overiti:nal procedures, but it

goould be .wiicitet vat toe com utr no radtéatior doses as recommended

. An Police. TAs aA co 9 1 Ahh Mo] t tam 'f coe ansnes @ pie? rate of

( deca; asa fire @ ~:.aut sy, ' 7 a 6 “so ~ra of dose rates vergus

times after det ust > can @ cors merce!’ tra’ xs). pepresent a 30 reentren

a ; effective tiolrvice 4.09 for om omar, ko attttt nal fantl: of curves can

be mace tat wool ose ta te anism. ‘ e@ anv cers of -.owrmmch tine would

7 be availa le Levsce ea: atta: ar! et os 4 t ce peregs mel would ave to

remainoow of :¢ va osthcs nes foam ee te oseje for a savings of at

i ~ least 1S roen iss.

The highest w cleody gan cose recorded for any locality where

personel were prese:: o-iside the Weveta rowing Grounds was at Riverside

4 faraue yo a4Cabins, Bevada (abou 1S people: follow.wot num er sever of Tas ler.

Snapper, The maxtmis the retical © «* vio garca {ose was estimated to Le

OF 12-15 roentgena,

A
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Persowe) Remai: in: Indoors
 

When the gamadose rate readine as peasired ty a purve meter held three
 

fest a ove the grou x reacics t e¢ valves give. in tacle IT at the tines
  

 indicated, it is recommended tat perso -:el#all te requested to remain
 

indoors wit w: dowsard doors close, 

In te ever: tat t ere 1 @ eo wineio:evice ce trat toe podiation levels
aetme  uUNm eeeeeenere we ~  

 abi etterFlimtonen eames ermine

erUr  

radiatio: levels eq::al trose .- te ‘aie,
semedpe soniee +eit 

war. i *

sages we one

tre a Pallout “emma Tose tates At Time

of Fallo:*

tmrfir)
dohour 2000

? >AGura 3000

yo bc?

yu 500

5° L530

¢ + 333

a: 250

. 205

12° 167
pa |

oh B30 fe

“glesase for totm restrict ae (ta gp a *@ pede om tre i aatis of

Vler evalua’. ’ pattm



 

C. It ie recommended that people s.o had - een ovt-of-doors during fallout
 

of the @ ove mar itude or greater '¢ advisedto chance clothing and to
 

Lathe, The elot {iy mabe cleaned normal means, While tating,
acces 

Special attentionsould@paic to ¢ ha'r ax an: exposed parts of thie

Ledyv,

QP, In tre eve-t ta’ tremonitoringtaresplace AT ' te fallout has occurred,
—— TRNe 

and extranolatio of te dose rate reacings eqvals or exceeds those in
 

ta! le II at ‘he estimated time of falion:, ten it is recommeded tat te
 

eime acyice e five" as itoeprececspparacra:y.,seem AO commvernaEM 

~¢ be ¢ @# © 8 WH Ft * & mee Be |

Poo. of.
CeOies tet

Peracune] Pera’: ‘(is ‘miocrs
ceencaAhgpmatte oe oegia wall-enangae Ane

RIse™ 15g

The actio: o” requestinre personnel «> remai: indoors ia predicated on

the principle that toe radiatior levels are elow tose esta.lia 6d for svaci-

ation and that tis actio sould reduce ° © amo! of sontacivation of perso nel

and reduce somew a‘ te Wole- od: gamé dose, (See Appendix A for estinates

of reductions in w oleody gama dose. j~«# act ial “savings” realt wise have

te balanced acaina’ posalle adverse p> .i2 reaction,

the principal gair in requesting perm #) to remain indoors is to

prevent ar redvce te amo too” mtenic de oo * ¢ at me actually fall o ve

od oor clot i.-.  * cme f € pee oo% falls os Al. oocturs @ ortl. after

tie start oF Tali cot, oo 0 drosetia . ~ +, fec sts. ad actions be
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a
teken. Thus, by necesaity, the most practical eriteria upon which to base a

decision are gamma dose rate readings whiict are in turn related to the

amount of fallout,

DoseSein

The most immediate solution might be to establish lower permittod

dose rate levels at later times efter destination However, if a series of

Gose rates are established for Increasing timee after detonation so that

their relationship follows t7/-*, then tre doses delivered in X hours

(before the material 1s washed off) wil! be greater for earlier tines

after detonation. ‘f one vere sue of tre tine that the fallout eaterial

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

ation could be wade te yiel¢ the same total dose over the X hours, Since

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

be valid for al! eases, one might assure the worst case where the saterial

remains in place unt{i its activity har ¢eoayed to an insignificant level,

Dose rates ooul] then be ap:roximate¢, % yield a given infinity dose, byt

Dem Sit were: GF infinity dose
A @ dose rate at time "t*,

If the above discussion js acce;ted, then the rezaining question is to

set the infinity dose Here, we sist be clear that whereas the measurezents

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

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

delivered to the besal layer of the epidermis (assured as 7 milligrazs per

aquare centimeter . The retic of es «i'r of beta to gamma is a function of
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time afier detowti: ax follows w© a'q] relatowip, Port er, tis ratic

at any give time a’ter detona.io -as w' ee “irrl. asta lis-ed, ne

report™ sugces's te following data:

“ie after detonati-n Be .a/a>
+ macs cacti MAORA ie eS

72 hocre S77
148 hours wen

 

These daia were o ta «¢ from a cloud sacple, raver trar actual fallout

material, adwere # peasure of @irface ¢cow co 8 plaque usicg @ "dosincter~

type telnera; survece to ipatiorn aacer °

Tie metho’ of co llwet! on gy esta ba pe os dlity that tre thiciness

of material of ¢ (lec. mmy te ieee " wR ' ot te) 6@ expected from tre

amount ef falloit ta would be o? ec. -ce: ower estizatizng pro-a ilities of

beta lurcs, * 5 © oC sem lt to og af eeoc @emlar diawi ctto af ue

vetas intluencii + «© # a dose ra- § * treot' - of alig-er value for

t:e plaques,

Anot er repor:} indicates @  @ a > gave re oo Of 130 to 1 based on

t-eoretical corcstea''. 9 ad tind renan ? wi. cests a redically lower ratio;

Lowever, there st ~e some do % as cs {3 eo clusions since te Loruisstio:

cham er csed to meavics gacnas o 1., a¢ eowa.) t iccsvess of 1 mof axellte

which %,., excliudec a small part 09” « « ‘cial gems dose prese t, as well as

a large, tut uwno , fraction o’ te -eta.* (‘ne range of 0.35 Mev tetas is

about 200 mcJor? oF aporoximatal lomo” ba «l‘te,) For ow diseucsics here,

  

we will assume a surface beta to gama rativ of 15° to lL, .

In estimt . t «a eta dose to ° « 43a) gw ero” te epidermis, oe ma

re"er to tre mri o” carig es}, So @: asec toe s os of Crester tbte rics
i =20, Seleatific (irectors seri, ATOR ow,CPPretl O° ourver-reuer aae
1 Yin ¥Fstirate of the lele owe asard of «to "car Ako ow Lat io > Smom Piseato. Protec:

Sullivan, Fiilles '. 4 J AG TEY 199 }

2 U:.P-37, Project Lia? ““a re - wa att. a - 3 “ontamwsated Areca". June iv >
SHLD ON TIALeRE TOT Toor te .

3 %ffect of Teta Fa a, » te be. (FR, e oceme , Tatensit:, and Dratt:

Fuc.aiio ", 'eumagic. , pita Bae Vol. 1, Mo. 2. Sumoer



to plaques containing different radiolact:pes. Pertinent data are abstracted

 

as follovs!

Surface Dose Required to Produce Estimated Amount df
Recognisable Transepidermal Radiation That Pene-
Injury {Roentgen—eyuivalent- trated Skin to A Depth

dsotove Energy beta) a ,

Tttriuw’? 41,5 1, $0 1,200

Strontiua% 0.6)| 1,5 1,400
Yttriuon% 2.2

The average seximon energy of tne beta particles from fallout material

weries with tious but will be assumed to te roughly comparable, in respect to

depth dose, to ‘ttrias’ or sr%-1%. since the gamma dose at a depth of

7 mg/ow would not be significantly different fron the surface ganme dose,

the ratio of 13) te 1 for beta-gams ++ >" be assured at the basal layerof

the epiderais.

(One experiment with sheer, using Sr%-Y90 plaques, showed that 2500

reps et the plaques’ surface produced nireration in one but not another of

two sheep.® O the other hand, 1X00 rat1 delivered to tissue depth of

7 ng/ca” from s P?? one inch diameter di afiyre of anizal not stated} produced

tanning, prolonged erythexs ar desuasat ion. ©*]

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

furface gamma dose rates whereas the monitors will be making thelr garma

 
@"Conparative Study of Experimentally Produced Beta Lesions and Skin Lesions
in Utah Renge Shee;*, Lushbaugh, C.E£., Spalding, J.F. and Hale, D.B, LASL
Boverber 30, 1953 {UNCLASSIFIZD).

*OHV—33068 A statur report. Sert. 148, 1944 (CONFIDENTIAL).
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measure
ments

at a height of three feet. fast field experie
nce

has indicat
ed

that the gamma readin
g from ionisst

ion-ty;
e

survey meters at ground level

is about S$0f higher than at three feet. Therefo
re

if it be assuced that

@ ground level gamma reading of a survey netar is equival
ent

to « surface

dose rate, the ratio of beta dose rate at 7 xg/ce*

Shree is about 2K te 1.

Another approact to estizating the retio of beta dose rate at 7 mg/cx*

to gamma Gose rate at

to gamxa dose rate at three fest is as fcllows. Assuring a uniform distri-

bution of 1.0 megacurie per square mile of gamma activity, the dose rate

resting from an infinite fiald is about 4 1 roentgens/hour,® Calculations

given in appendix B indicate thet a like soncentration of fallout material

will produce about 430 reps/hour at 7 mgr. This suggests a deta to

gama ratio of about 1% to 1 whieh is about a factor of two lover than

the first approech. added support to tis latter method of estinating

beta doses is found {n appendix C,

Such eonsiderations may be fraught with pitfalls. Por example, the

above discussion implies a unifore distriinmtion of falbut eatertal. Obviously,

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

extent this influences the results is difficult to assess. Calculations

indicate that the production of recognisable beta burns from a single

particle requires a high specifie activity. {Ses Policy III for discussion.)

It nsy/e,hovever, that the particles of fallout are @lose enough to have

overlapping of rediation fields and thus require signifleantiy lover

opecifie activity af the particles te orc ture beta burns. This hypothesis

 
 

**Effects of Atoni2 bearons™, 155°
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has support in that even the most superficial bets burns of the natives

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

area affected rather than small individual spots. Om the other hand, the

cattle and horses exposed near the Bevadsa Proving Grounds showed burns

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

have been produced by single perticles, they do represent less of an area

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

in areas outaide the EFG suggest the occurrence of individual particles

with non-overlapping of radiation fields. Sovever, in neerby areas where

the fallout ves relatively heavy, there was a definite overlapping of the

fields,

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

PARTICULATE MATURK OF PALLOOT Y¥ WOULD mOT BE FOSSIBLE TO ESTABLISH

REASONABLE AND OPERATIOMALLY WORKABLE CRITERIA THAT A? THE SAME TIME

WOULD GUARARTES THAT THERE REVER WOULD BE AN OCCURRENCE OF A BETA BURN.

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

100=200 to 1 (measured under the eonditiors given above), this might mean

an infinity beta dose of 1000=2%00 rera t& the basal layer of the spidernis

When the whole body infinity gamsa dose was 10 roextgens. Of course, the

fallout material may be removed before thea infinity dose is delivered;

yet, on the other han’, it is not fmprobahle that {t could reaein in the

hair for essentially this length of tine. In the case of a oneshow fallout,

aluost one half of the dose vould be delirmre’ in the next 24 hours.

40%en
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The efficiency of a wurface for ecllecting and holding the fallout

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

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

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

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

sufficient to protect against bets skin damage in most eases®, This was

éne probably not to the relatively anal: attecustion of the betas by the

@lothing but rether to the physical efitustion of holding the radioactive

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

An aided eonsiderstion is the possibility of high beta doses

celivered to personne. from the fatbut material lying on the ground and

other surfaces, If the highest degree of contarination considered under

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

dose fron an equally contaminated ground will not be hasardous, (See

Policy III for discussion on unequal ecrtamination on personnel.) However,

it is true that the contaninstion mxy exceed the amount to deliver dose

rates given in table ‘i and yet not be great amough to consider evacuation.

Some personnel] say oot go indoors and thse who did will eventually be

released from tiie restrictive actioc an tre nay walk around in 4

relatively highly contazinated area. Reswise of the more linited range

of the beta, the location af greatest concarn is the lower legs.

One report eetimstes a beta to gata dose rate ratio of about 75

to 1 at 10 centinsters above the grounc."* Under Folicy I it was recom

 

   ® [Tepes 5 : burg peincs acclyentsliy Exmeses to

piznificant Fojlout Refliation, Crormiite, E, P., et al. Mey 1954.
H.R95(E) gp E:ttmate of the Reletive jure Eeta ani Garre Readiets
Lrom Fission Froduct:, Sondit, | os on. og,)  @no Lurh, weA.S, MOL
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mended thet sonsideration be given te wraguation vhen the ganuma dose rate

reading at three feet was, for example, about 6,2 r/br at B¢3 hours

Roughly, this would eorrespond to about 440 repa/hr of beta at 10 centi-

esters. Of cowrse, this activity deeays ed alec it is presumed that

personnel would be sent indoors, st least for « few hours. Om the ether

hand, it strongly suggests that biologically sigrificent doses may be

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

bere feet of the natives evacuated during CASTLE. This probably vas a

eonmbination of beta dose from material on the ground and from that seuffed

up over the bare feet and then elinging to the skin. (Fo lesions vere

observed on the bottomof the fest, ndoubtedlydue to the thick opiderats 2 gel ah

tt Mouldbeexpecte! that normal plosed-type footwear (as compared ‘to. / )

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

deta doses as discussed bere. There is still no guarantes that beta

radiation from esterial on the ground wil] not deliver significant

biological doses to the ankles and perhazs licwer legs, after personnel

ere released fron staying indoors Por exanrle, if the beta dose at 10

oentineters above the ground ts 446 rers hr at B43 hours, it would be

about 190 repghr three hours later an4 iC rers/or six hours later.

One furtuer porstbility ds the accumaletion of radioactive material

around the ankles and lower legs rescltir¢, from norral walking ebout the

area. This is ilscussed under Tolicy 1”:

 



 

Rake Oo Hines Exposures

The work ef Henriques] wagzests thet at the ¢ epth ef 0.09 m in

living poreine akin (maximm thickness of e pidernis) that "1400 ¢ 300

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

they may be amumed te be instantansou:; 14 required to produce recognis-

able transeriderta: injury, The euvve of biological damage rises rether

sherply po that at a dose of Just under 2XX rep (at 0,09 mn), the epiderzis

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

chronie radiation dermstitis persisting for aonths.

The preceding discissior suggests thet, using the gacca dose rates

listed in the eriteria under this Policy, which are bezed on an estinated

10 roentgen infinity gamma dose, as high as 2,00 reps might be delivered-

to the basal layer of the epiderm!s over « period of tine eovered by the

iifetine of the radioactive material.

There have bean instances where the ealculated infinity gamma dose

in areas where personnal werw present aroim’ the Fevada Proving Grounds

have reached 12-15 rcentgens but tiers have been oo mow cases of beta

burns in these areas The number of persons involved in these areas of

highest contamination was relatively smal’, purhaps a few dozen, and with

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

they were not in « position to receive the full fallout. Likevise, minute

areas of the akin may have been so affected put not detected or reported.

In other areas sneorpassing same 2,00 pecple the infinity gamca dose vas
oe my

about eight roertzens end no instances of beta injury appeared. 6-5 ~

1 gr.git.
 mecisecvamecny Ferns ce nants aeeAsee acTA mmo be Mldae soraRUN
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The estinated vholeitody gamma dose to natives evacuated fron the

island of Utirik following the Mareb 1, 1°54 detonation at the Pacific

Proving Ground vas about 15 roentgens for «a period of shout three days,

bet no beta burns appeared. It is fair t: aswsuze here that direet conten

ination took place due tc their mods of living including housing that was

quite open to air currents. Gemma dore rate readings vere taken over the

bodies of the natives at ebout H plus "© hours both on the beach and after

boarding the ship. cn the beach the personnel readings averaged about

20 wr/hr gamza (but this probably incluie! soze contribution from the

ground cortaminstion , and after wading torong the surf and boarding the

ship the levels averag. 7 er/hr gacca.

The 1f natives on ifs Tslan4, Aflinginae Atcell, received an estie

mated whole-bod; garze dose of 75 roentge:s in about two and a quarter

days, Of these, 1, later experienced ciiz-t beta burns, 2, moderate burns,

and none showed erilatior,

In the case of the Rongela; natives, the estizated whole-body dose

was about 150 roentgens in about two days 41) 64 natives later exper-

fenced beta burns tc some decree froz «!‘gtt to severe anc over half of

the natives showed epilatior from slictt to teevere,

The 16 natives from Rongelay evaciated directly by air to Ewajslein

had personnel gamma dose-rate levels gecerally 90 to 100 xwr/hr although

one vas as high as .4¢ mr/hr and ore as ‘ow as 1) mr/hr (at FH plue about

55 tours). The recai:ing 48 mativer evacustec ty ship were reported to

have personne] -eatiays that "averace * 4 ctr before decontarination,
ss

2237S 4}
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The picture is further confused because some of the natives had bathed and

sors had not before the arrival af the evacuation team.

Most of the 27 0.3. Serviee personne! staticned on Enivetak Island,

Rongertk Atcll, received about 40-50 roentgens, based on film badge read=

ings. Three perbers of the group who were located for part of the tine in

another section of the {sland vere estimate! to have received sozevhat

higher doses, Seventeen of the 28 persenne! showed only slight super-

fieilal lesions with ons questionable case o” epilation. It should be

pointed out that the personnel were in meta. buildings during soze of the

fallout tine and for most of the tine tiereaftar until evacustion. This

reduced the direct contaztnation as weal) as the whole-body gama dose.

4 file badge hanging on the center pole of « tent at one ond of the island

read SE roentgens. Calculations based on dose rate readings at another .

part of the islend indicated sowewhat lower doses, 1f personne] had

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

7.$ hours) to evacuation (at about F plus & hours), Upon arrival at

Kvajelein ene personnal gama dose rete rea‘ing was as high as 250 mr/hr

at about H pins 35 bours,

The above data do suggest that there ray be possible a rough

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

natives from Utirik received an astinated wole-hody gama dose of 15

roentgens and shoved no evidence of beta turns, O the other hand, the

natives on Sifo Island, allinginae Atoll, received about an estizated

whole-body ganza dose of 75 reantgen= wit? (4 jersonnal showing slight
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burns, 2, moderate burns, 2, no burns, 3 with mderate epilation, and 15

with mo epilation, In addition, Nongela; natives received 150 roentgens

whole-body gemma dose, and about 90% shove’ some degree of lesions and $6f

_ some degree of epilation.

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

doors end received the full fallout, (b) tis olly hair, sect-naked per-

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

to @eollect and hold the fallout material, ¢) the tine of delivery of essen

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

lated that the fallout on the more distant island ef Utirik (about 300

statute miles) would eonsist of enaller particles and also perhaps lesser

possibility of overlapping of radiation fielcs fror these particles,

Sowe of the relevant data are sumaa-ised in table TI]. Due to the

uncertainty of the degree of exposure of persone. on Rongerik to the direct

fallout, this group is cot included, Tt 1s to be immediately exphasised thet

any comparisons made or tnplied dn the table are at the most only sexi-

quantitative, Table [I will be referred t: in Policles III and IV but is

fineluded bere as a wuemary of the data distusced above,

Baia Ongoive, Exceures

The data om animal exposures are less firm than those for humans,

Unristakable beta burns eccurre! on cattle at Alamogordo in July 19%5, on

cattle at the Bevada Proving Grounds tn spring 1942, and on horses in

or
rah
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TARLETT

I II III Iv v VI
Best Estinate of zverage Dose Rates (ar/hr)
of the Islands (taken at three feet above

Best Esti- the ground) and of Natives (Personnel
wate of Readings) after Removel from Radiation Field.

Estimated Whole-body Both at Approximately Same Tine.
Tine of Gemma Dose Skin

Rongelar <} hrs 150 agiloner a Majority: 3300 BO 16/1 8450 are
6 None 3Ome}OOmr/

19 slight at HYX5/, bre
a2 Moderate b. Average!
17 : Fx} or;

Eoblatlon, At 1450 bre
23 None Corrected

j ai Slight Average! -
il locerate mY or/hr*

nnan i, Severe . _ |
alling irae eyAore “4 Leedougs Avarage! a7 £4 ay HAA > hee

“ None hs ar/hr

14 Slight At 1452 bre
(very sup» corrected
erficial) averaget

. 53 rfid
i5 fone

Utirik 16-18 hra 1§ fons Average: 110 15 7/1 «=B¢78 hrs
None £0 mr/hr

Eollation: Assunods
Nona 15 or/hr

AeLL2E
1 16natives evacuated by air to Kwajalein and monitored upon arrival.
246 * ® USS Philip and monitored sboard the ship. Osta suggest meter meeiings lew by about 50%

since natives trom sane island read £3-100 or/hr st Kwajalein some four hours later with calibrated meters.

340 er/hr corrected to 60 mr/hr acoording to information in footnote 2. Report did not indicate range of values
azong individuals oor at different parts of body.

4 heading taken by monitors from the RANSHAW on the Utirik beach where there may have been some contribution to dose

ratee from land. After wading to ship, average personne] readings were 7 mr/hr.
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Spring 1953. (The skir damage observed or shee; in the spring 1953 was not

established to be beta turns,! Bowever, the exact positions of the anizals

in relation to known mmowunts of fallout are act elear,

Following the last detonation of the spring 1952 series at the Kevada

Proving Grounds, about one half of « herd of 150 head of cattle were Sound

to have evidence of beta tions. They vere thougt to have been 15-20 niles

from ground sero in Kawleh Valley to the rortheast and to have been exposed

to fallout from the last detonation. (14 FT ar « 300 foot tower) Highest

Gose rate readings taken along a dirt road runing lengthwise through

this valley, integrated to 75-10%infirity gamna doses,

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

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

horses vere some 81 miles to the east o” grown sero on 17 March 1954,

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

tower), Radiation levels in this ares arw not know with certainty but

the fallout oceurred in a narrow band and vas carried by relatively high

Velocity winds so that it probably fell an tha horses at a tire less than

ene hour. If ac, probably more than ons~ialf of the infinity dose vas

delivered during the next day.

Qperations, Feasibility

Under the eriteris recommends! in “oliay JI, there would have been

two oecasions ir the past woere personnel would have been requssted ta

ry
é i

Woe.



a
remain indoors. Once wes at Lincoln Nine following the second detonation

of Upshot-Xnothole where they were so requested to remain indoors far two

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

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

reading at Lincoin Mine was 580 ur/br at E42. Im the case of Riversider
N
|

Cabins, however, the radiological eonditions were not ascertained mtil

after the fallout hac occurred. The maximuz infinity gamse dose in the

latter case was 2-15 roentgens.

Persorme] vere requested to remain indoors (for sbout two hours)

} following the ninth detonation of Upshot—Facthole The highest dose rate

reading was 325 wer/hr et FE plus 4.$ hours This is less than the current

ao recomenistions,
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POLICY

Recontazination

A. rossibleg

field, is recommended that en estinatepate decree

of personne, oontarination bydetermining the location of theindividual

the of faliout, In the event there is uncertainty as to ths

yalidity ofenestivrete, the assumtion will be mace that the

apdivicualout-of-doors, Jn those areas where theinfinity

§ose egials or exogeeds 19 yoentcens, it {5 recorended that the indivi-

dual be advised to bathe andchangeclothing,

B.1.Porboingtheradiation

theof8gurveyinstrument,with

genter of the eontarinated grea, equals or exceeds the yalues given Jo

table III it ts recommended that pers2:nne) sdyised

chgngeelothing,
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GAMMA DOSE RATES aT TIMES af
MEL SHOULD BE RECOMMENDED ed on Situation of Contamination Existing

a
CABLE Li:

DETOMATION WHEN DECORTAMINATION OF PERSON-

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

inationLazar1
Detonation
Lonteninstion

1 hour

2 hours

o
a
n
w
s

a

10 *

 

200

100

67

i
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thopeintehleJl, Therecommended

Biall toadvisebathingani ashanceofclothing,
79
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returnindoors eachday.

time durin: the firsttwodeveaftor such2 felioutgrellbe adyisen
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The sizes of areas and distances frum the surfaces were selected inde

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

above and vere eostinates of areas of contanination end distances of monitor-

ing that appeared to be reasonable estimates of these peraneters. The elose

agreenent between the gamma dose rate retires based on theoretical considera

tions and those observed with the natives {s circusstantial. Por example,

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

gemma dose Pate‘te tines less than the nelected area of six-inch radius.

In the case of the natives, bowever, {t is believed that they were sexi-naked,

perspiring, and out-of~ioors during the fa lout so that it 4s not unreasonable

to expect relatively large areas of the boty to be contaminated. In fact,

this was noted when they were monitorec. Py their acts of walking eround

Guring the period of fallout and sleeping on sats that were heavily econtacin-

ated it would seea possible that significart areas of the bodies of the

Alinginae and Utiris natives sould be as heavily contaninated as vas the

ground. (It 4s wunknow if thers vere sufficient winds that might have

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

There is furtoer uncertainty of what in meant by the ponitor's report

of "average" personne) readings. The dose rate readings in the hatr are mow

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

It is unknown how these readings vere "averaged".

Whereas these data certainly are sot firm enough for ons to place great

confidence in the precise quantities -% Se retics of 7/1 orE/ly they do

ew!

are ey=
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radiation exposure vhenever possible, bathing and a ehange of elothing gight

de suggested for situations where ths who'se—body infinity gemme dose was

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

is higher,

DateOnBusan.

In table II it vas suggested that tie relative average gamma dose

rates from an infinity oontazinated field at three fest above the ground

compared to that on the natives measure! 2y a survey meter held elose to the

body was!

Agari B7/l (Utirik Atel:‘co /1 (Utir

bd

elt = 8/L (Aliinginae itoli)
53 mx /hr

at 16/1 (Rongela; atoll,

It is reoognised there are many uncertainties in estizating such a

relstionship by this means. Fwen if one as umes the dose rate readings vere

taken accurately the factors involved, especially in relation to the amount

of material collected and retained an the body, certainly are oct constant.

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

Phenowencn where the quantity of materia’ Calling per unit area was 80

great that it vas not retained so completely on the body. Even if this

explanation is ecee;ted, there stil) resain many questions,

Theoretical considerations irtiecste a gama cose rate ratio at three

Leet above an infinitaly contsxinatec fiels te trat at four inches from an

equally contaminates “leid of atx incr = est! on to be esbout 7/1. (See Acpeniix D.)
At™ -~,

t
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indicate the obvious fallagy of accerting a 1O-roentgen infinity dose based

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

example, the natives froz Ailinginas showed personnal dose rate readings

that would approximate nine roentgens (gamma’ in 2} days and yet akin camoge

to some degree vas evident in 14 out of lt of the personel, On the ether

hand, the natives froz Utirtk showed no abin damage with an estimated 2.2

reentgens in 2} days based on gamza dose rates measured on personnal. The

uncertainty of these date was discuzsed under Policy II. They do suggest,

however, that if the contarination of a relet!ively large area of the exposed

body produces less thar one roentger infirite gemza dose as measured by a

survey meter heli four inches froz the surface there is a large probability

that beta burns will not result. “See aise Adscussion under Poliey II.)

Bossespali2ources

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

surface from a «nalier area, the amount -f oontanination per unit ares is

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

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

involved. It is recognised that radiation from another nearby spot muy con-

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

but this bas not been taken into aecount, first because of the diffisulty of

establishing a prior appraisal af this wariable factor and, second, whate-sr

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

Of course, tne protlas is still son; lax besause when considering

smaller and szal>er areas the erentua’ en seotrt . « single particle.

aN
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dn estinate of beta doses at the surface «f an imaginary sphere surrounding

@ fallout pertiele is given in Appendix FE end an estinate of beta doses fron

a& single particle required to produce reongnisable erythema is presented in

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

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

e@rythena if bel¢ in eontact with the exin for less than one day, yet the gasua

Gose rate reaiing at 4 inches may be quite small. (See Appendix Q.)

Additional information on dozes from individual perticles has recently

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

pally of three redio{sctopes, Put93 Bubt and ite daughter Fh, fhe data

end calculations in Appendix A also strongly indicate that a single fallout

particle could produce a reoognisable erythema.

In the case of contamination of elething, higher dose rates night be

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

in the natives where oo beta burns vere observed under elothing of the most

highly eontaxinated personnel. (This does aot include such areas as moder

the vaist line where msterial apparently erllected and was held in place.)

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

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

the contarinated surface in contact wit! toe akin. Further, it is not

wilikely that ons may rub his bands over t.s elothing and then through the
the were gs

hair where £¢ could be held in place for relatively long periods of tine.

 ancy

Wwe33068. A statur recor. Sept. if, 1.
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A further consideration is the beta dose to the hands resulting from

handling objects eontaminated wit) fallout material. Although sone date are

available on beta burns from handling rad oactive objects, the conditions

are so Gifferent fro: those associate wit. fallout that somparisonsa probs-

bly would not be walid *

If the etove assumptions and calcu ations are correct concerning con

tamination of a genera! area from fallout. than the transfer of all the

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

constitute a hazard, “tis, one might ennaider uring as eriterta for zon-

itoring objects, the dose reading: givan above for monitoring personnel

outside the genera’ radiation field.

no# However, the problem is more conplex since the hands aay come intec

contact with cortaziuatec surfaces many tines larger in area than the

hends, with an uncsterrined percentage of activity being transferred to

the hands, Of courses, an adied uncertainiy is the frequency of washing of

the hands and/or the rubbing off of the waterial froz the hands.

Further, one wight speculate that « given surface could have signifi~-

eantly higher ecotaerination than the general ares and that the handling of

such a surface could constitute a greater r'sk. This might be true because

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

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

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

One uncertainty in tie secand case {se fre length of time the object would

 

 

 

apa
be handled, eee ew

®*Petea Ray Burns of Huran Sein", Fa—wit or, @F al. The Jounel cf the

Averican Fedical Axsoctation, F, lal, be 4. cept. 24, 1949.
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Based on calculations in Appendices ® and D, when am object fe held

in a band, a rough estizate of the ratic of dose rates of beta to the besal

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

four inches avay from en object tvo inches in radius {outside a generel

rediation field) 10 2600-5200 to 1. (Appencix I) Thus, if this object were

@ontaminated with the sae activity per ait ares tint would produce a

LO~rcoentgen whole-body gacma dose from general contemination of the area,

it would produce about 77 ar/hr gamma at focr inches avay at H/) hours,

and about 200-490 reps/bour at a desth of 7 ng/en*,* Since the pelus of

the hands have an approxinate epidersal layer of about 40 re/ex* the beta

dose to the basal layer would be about 135-270 reps“’hour, (The tine of

BA) was selected to shov about the highest magnitude of dose rates.) If

1.2 then the totel betaone assumes that tie decay is sccording to t_

dose to the basal cayer of the epidermis io the nex. 1) houra would be

about 250-500 reps.

Whereas the above estizates dco not tniicate an alarming situation, a

more serious probler may come when the oontazination fs jut less than that

where evacustion is indicated, For example, the contamination of the general

area may be five or six tines that used as a1 (llustration in the preceding

paragraph, without evacuation being recommen‘e:. Thus, beta dose rates

from handling objects, especially in times 5.0 after fallout, may be high

emough to be a protlea. é simple ané axe(‘mt procedire to reduce this

factor is frequent washing of the hands afte: hanitling objecte that ware in
a

the fallout, 1
 

*Toese numbers apree fairly well with the eutntaticns in "Beta-contact
Hazards Associated wit: Gancsaeradiation +#@e cre unts of bhixed Fission

Saad
Froducts", Teresi, «7 ONDaeBRR em

rif



It was suggested in Policy II that normal closed—type footwear (as

@ompared to such as open sandals) would probebly afford adequate protection

against significant beta doses to the feet from fallovt material on the ground.

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

the ankles and lover legs. If there vere mo intervening clothing, or

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

biological beta doses being delivered to these parts. For example, if the

gamma dose rate reading et B43 hours were something less than ‘famroentgens

( per hour, evacuation would not be indicated Rovever, for fallout material

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

— 7 ne/ex* would be abort 6% reps/hour. ‘See Appendix B.) Presumably, pere

sonnel would be kert indoors for a few hours bit ucon release the approxinate

beta dose rates at ” mgem wuld be 260 ww//br three bours lster or 210 at/or

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

tration ofMinatertel may aocuculate in the ankle region by walking sround

an area.

A concentration of fallout material on the ground thet would result

in about 20 roentzgens mario theoretica. infinity gaura dose, if in ¢antact

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

of about 1/, SEE those indicated tn tne previous paragraph.

SORIA
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Ii io recommended that when the oredicted fallout across a main highway

beequivalent te 20roentgenInfinityhigher,

be beld untj) after the actue) fallout bas essentially ceased, They should

pe then werned to proceed with windows and air vents closed and the cars

phould be monitored after passing throurh the contarinated area, When

desa than 10 roentgens, but stillsignificant amounts of fallout are

predicted across a highway, vehicles sould be warned to proceed with

windows and air vents closed and should be monitored after passingthrough

he oconterinated a, Monitoring and warnings should be continued util

fhere fs reaconebie belief that nc orwery few additional vehicles will

 

exceedthe values given in table V2.

reading@teken

exterior ares that js rescdily accersitle,enuals or exceeds the values

given in table TV.4, the yericle shal) becleaned inside and outside,

Exterior aress to be monitoredshouldtnotute the wh an r

of the fenders but not the under carriage, The survey metershould

approximately four jnches from anysurface,
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Gere Dose tates at Times After Letonation “hen Decontamination

efMotorVehicles Sho-1dte Fecomeaced

 

Garma Bose Pates At Time of
 

 Vonitoring _— Konitoring
(er/hr)

1 hour 1020

2 hours 500

3 * 332

ho* 225

5 « 200

68 167

8 *# 125

1o * 100

ls AZ

2, ° Wa.
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Eonitorinp and Decontari-atio™ of Motor Vehicles

In the past, fallovt has occurred across }igiways in algnificant quantities,

Table IV.b, telow indicates some pert! er’ data dur’og Ipshot-Enothole,

Shot

(C* rono-
logical)
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Festina tec

Tose fa'e

Feadt ¢ of Approximate
Approx 4ipowa.oa- Tistance
{mato “ime of “ime of From

Yield Fallout Paellot Cround Zero
(2) Tower (tra) ‘rr “hr Locatio> (Hiles)

17 Im”! i. $2C xX miles south of &
lame o1 Ryw, #93

17 . 2 474 z 1 mile writs of 130
3+, | eorge," tah

28 ‘ ) we Junction of 0.5,
Hw, P%lad 80
Kevaca Hyw. #0

$1 . ut Te) 2 alles northw, &
~ e.ale, Rev,on

Ew, €93

Sl * ’ bor 8 miles west of 105
be aqite, kev.

weno)

32 * 2 1D. 35 riles north &
Clencale on

Rae. €93

32 . ya% 424 St. Jeorge,Utah 130
Dow, #91
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Road blocks were establidied o Fiit-wayn 93 and 91 fallowing shots

maber eeven ant nine of Upthiot-Knothole, The higrest reading on a private

mitomobile was 100 wr/ yr (gamma) inside ant 119 arfcr outside at H plus 3}

hours, About 75 oars were washad ‘rovstl: 1" af te total mt tored),

All of the cars t at were was ed exce;! t 8 ow mentioned above, had ovtaide

Gose rate readicgs lese tran -alf of te ‘pest. “eo ratio of dose rate

readings oo the outside of the car to {ne de warted from unity to about h/l.

Probatly ons of te ‘mportant facto 7s tere ‘a the difference tetree, driving

with windows acc/or wertilators opener? or elosed, “ne bus read 250 mr/nr

outside ad averace of 100 ar/r inatide wt a iigs inside reading over the

rear seat of 1LC mr’ r at © plna & Yh tours,

Considering t e amouot of tier ow normal]; spends i: an autono ile,

these dose rater do 0: ecessarii; rep-ese | a} ealt: bazard in terns of

gata doses, What ta cro-ably & more ia ti:g factor La the direct contan

ination one mip t acquire b- rub ing aya: st te outside of the car, especially

Wen changing a tire.

It is assumed teat monitoring wiil -@ acoomplisied outside a general

radiatio: field, “heoretical calcula’! us (Arce dix D) indicate that gama

dose rate readi:cs takeat four {10-5 fon a wo rface will te 51%, Lot, and

27% of these by & meter at three feet acorns a- ecually contanimated infinite

field wien the red'' 0% contam:etios are resec'ively 3 fee:, 2 feet, ad

1 foot.

“hese data mows tatwe oe vt ca tose rate read. ¢ at four

dec eg frou a@ ge eva.) contanineg’e! «a .@ a ov 9 @ hal? t at far ar

toficite pla eta. > a fo oree Tre , "* . +@ 0’ © :tarinatfo. per unit

eee
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area will be abo: eqial; and wren the wheels are Leing monitored 3/3 to Vi

of a ganna dose rate readi ag wD represenequi valent contami nation, | ts prac 7)
Gimme nw Csath bet on ame Me rad, . 4 ow thas napad Vth; t/a

Another factor to be sonsidered is that the provability ef collecting

fallout material o- ts bod; frou a geneveally octacinated area fn wich

one lives is greaver tha> from o-e's witomo' ile, Om t.e ether hand, it *as

tees moted in 1 ¢ pas! teat mew ficanti igo er amounta of oo-tanination

have been four’ o “ee tires add uncer paris of fenders tia: on the renal wer

of tre car, (UTrdow tedly, t-{e {8 @ w mle p-enomenon of picxing up the

activity from t-e ig wav.) If cone were te ¢ age a heavily coctari nated

tire, sig-ifics ( @to mis of radi oac’!ve material oi t accumulate on the

hands, and leter +e tra sferred to | # aly or evea ty @ simple ru ‘ing of

tie hands over those oar'ts,

A comarisao miv toe made -ere > wee recommeded maxim dose rates

found on perso nel awit tie esia lis icg 2° levels of activity for automo iles,

There is one o vion.s differesce, *owever, in te firet case

t.e@ material is alresd, on t @ perso. w. le ia the second case or has to

introduce te facto~ of proabi lit. af tra svfer o” contamination (and to

woat degree) from tie car to te of.

The dose rates ‘measimid as ataiaid’ in ta le TV would represent a out

eqial cocvtaniustio: per uit ames fo- mw sar as for a: infinite plane if te

car were rather un‘! ’ormly contar' .tad It" tee activity were confined say

priceipally to tie tires aad under par:s 9’ te fe ders, tre dose rate read! cs

mipit represe ‘ tas"l ‘twice toe devren yf eo tartouation, Ome must weigh

tris conditior wt m ory a ott - @ time wes. oe ¢ aged efore the

tw
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activity has decreased significantly.

A given dose rate reading inside « vehicle may represent less contamin-

ation per unit area due to the oontritution of gama radiation from the

exterior of the vwebicle, On the other hand, eontamination within a vehicle

would more probably be picked up by persoaone)l than if it were on the outside.

Further, it is recognized that significently high concentrations of radio-~

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

automobile. again, this has to be weignted against the probability that

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

the fact that it fe relatively 4ifficult to monitor such parts on a mass

besis. The uncertainties present in estirating possiblehasards fron vehicle

eontazination would not Justify fine distinctions in monitoring the various

parts. A thorough cleaning, inside ant otetde, would appear to be the

best solution.

One of the obvious ways to «vold mech of the problem discussed in

Policy IV 4s to prevent vehicles entering an area during the tine of fallout.

This will not prevent the first venicles ;assing through froa pleking up

activity on the tires from the nighway. ‘t {a belleved, however, this will

not constitute sueb a troublesoms protler and pest experience has indicated

that the activity foun¢ on the tires noticeably decreased after several cars

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

fallorwt {t will nelp reduce oontarinatior of the passengers and of the

insides of the wehicles,

ye
reek
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Overations)Feasibility.

— In the part, the criteria used for vashing cars has been 7 mr/hr, and

ot a leter tine 70 er/hr (gamma), inside a vehicle. This resulted in vashing

) about 7§ cars (roughly L/f of the total moilitored’ following the seventh and

ninth detonations ef Upshot-Knothole. Under the recozmmndstions given in

Policy IV, the bs mentioned above, tut probably none of the cars, would have

been washed.

The data given in table T¥.t. indicate that if these radiation levels

C given had been predicte! before the fallout, Aigh-ays #91 and 93 would have

deen closed prio: to the fallout from the seventh detonation and possibly

highway #93 for the ninth detonation.
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“haresammedose

adocustewater,oir,foodstuffs

ascertaintheconditionsporsitlecontexination, Based on past

data, however, it 1s not expected that under those conditions of fallout

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

wation, that the degree of eontarinaticn will be a health hasard. (Bor

is {t implied bere that any level above this goes constitute « serious

contazination of vater, air, or foodstuf’s.) Therefore, ifrecor-ended
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Table Vi.a. iista the six loeations having the highest concentra-

tions of fission products in water sourees during Turbler-Snapper, anc

for comparative purposes the extinated tiecret feel maxitoum gamma infinity

doses.



 

E xte rAd |

Concentration(microcuries Theoretical Maxiruxz
per milliliter extrapolat- Whole-body Garma
ed to 3 days after detona- Infinity Dose

  ecality dion) {reantcens)

Virgin River Irrigation Canal, Bev 4.7 x 1075 6.

Irrigation Ditech, 56 mi.nc. of Pioche, Kev 5 m LO“5 0.15

Lower Pahranagat Lake, Bev 2 21076 2.

Virgin River at Mesquite, Bey 6" 176 2.5

Bunkerville, Fev (tap vater 2 2 16 7.0

Crystal Springs, Nev (tap water i « 16 0.15

Due to weather arm! to attenuation of the gamma rays by buildings, the

whole-body gaans dose estinated to have beer actually delivered was probably

eloser to one-half of the values show,

The maxisur permissible econcentrat on of fission products in drinking

water is 5 x 10-3 po/at extrapolated to three days after detonation. This is

considered a safe concentration for continuous consuzption,

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

puryoses it should be recognised that the concentrations found may vary

widely within snall geographical areas am! even at the same location at

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

eannot be placed in precise values, Tahi« Vi.a. suggests that even if one

were to have stored up the water liste a Virgir River Irrigation Canal

and subsisted entire'y on this for a (ite ine, the concentration would be

af Row.
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about 58 tines less than the maximus peruiseible esount. Bormal factors of

@ilution by additional rainfall and/or by tne influx ef lesser sontexinated
pt expt ted TTTyee

ground water would reduce the level of actirity.

Aix

Considerable effort has end is being made to evaluate hazards from

airborne radioactive materials, including fsaion products, There are eser-

tainly many unanswered problems including the possible hasard from a single

particle in the lunge. Despite the uncerta'nties e-n4 as yet inoozplete

enalysis of the inhaletion hazard, tue prependerance of evidence today is

that the external game hazard from fallout is the more liniting factor of

the twot, (Hovever, see discussion on food contantnetion.)

During Upshot-Knothole quite oom, lete data were eollected of concen-

trations of airborne activity on about 15° cecanions in sone 40 different

localities within 200 afles of the Fevadea Proving Grounds, These inaluded

monitoring ef all detonations. Histogram were made of air concentrations

versus tixe after detonation for 30 occasions and estinates were made of

doses to the lungs. These dats for the flre aommmities showing the highest

air concentration are given in Table Fi.b. fhe hi:‘ogram for 5t. George (the

nine hour average concentration of fallout ever ueasured in a populated

area) is reproduced in Appendix J,

 

#24 Hoc Committees Kaeting, washington, V." damiary 20, 1954.
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iets Theoretical
Qn Deposition Whole-body

re Bereetier Troentcena)erality w~mubiereter). Theres *

Bt. George, Btah 2 wo Of 3.5

Lincoln Kine, Nev 4.0 x 107) 32 1.5

Mesquite, Nev 1.7 x 107 13 1.0

Groox Mine, Nev 3.4 x 1074 ” 0.35

Piochs, Nev z.0 x Jo 3 0.015

"The method used fin estimating doses to the lings is given in Appendix EK, One
assuxption made was uniform distribution of radiation whieh, of course, is not
extirely accurate

The eriteria previously established ty an Ad Roc dangle Peasibility

Committee (Washington, 0.C., duly 13, 1951', for air concentrations ves

"At a point of human habitation, the activity of radioactive
particles {n the eatoosphere, averaged ovar a period of 24 hours,
shall be limited to 100 weicrocuries per cubic mater of air
(eorresponding approximately to « ground level gamma intensity
ef 30 wer/tr .

"The 24-hour averazve redioactivity per cubic meter of air, due
to suspended particles having diaceters in the range 0 micron
to 5,0 microns, shall not exceed 1/109 of the above; nor is it
desirable that any individual particie in this size range have
an activity greater than Li sicrom-ries calculated 4 hours
after the blast."

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

for recommending the above air concertratism was discussed. Essentially,

these criteris were selected by estinsting tre gamre dose that gight be

delivered by the passing of a radioactive coud ‘Tinee there are better

ar
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  methods of estimating gamma doses sinoe there are uncertainties in

evaluating the hasards of sech transitory air concentrations as experieneed

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

eeries indicates that the external games haserd is more limiting than the

inhalation one, it was recomended in the January 20, 1954 meeting to

strike from the record the past recomendations for maximum permissible

alr concentrations It was recomesnded that an air monitoring program be

eontinued for docunentery purposes and for whatever value the data might

have in the future uber new analyses might te made in the light of addi-

tional knowledge,

A further discussien of the single particle problem may be made.

In arriving st the recommendation ".,, nor 2 it desirable that any indivi-

dual particle in this size range have act‘ty greater than 1o7* eicrocuries

Calculated four hours after the blast‘ a sonnutation was made that the aver-

age radiation dose from such « particle to 4 sphere one-half a millinetar

fin radius would be 38* reps.* Rowever, the eonclusf{ons may be misleading.

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

mear the particle and snali doses at a grester distance, Appendix 1 euggests

one possible estiaste of this phenomenon, The peraneters involved here are

many and difficult to evaluate. For exan;'s, how long will a particle rezain

in one place in tne lung and what dose vil) be delivered during that tine?

It has been suggested**® that tn the upper respiratory passage 20-cicroa

dianeter particles are the upper ifmit of” size for deposition and that "Cilla

 

*imutes, Mesting of Comittee to Concider the Feasitility and Conditions For
a Preliminary Radiologic Safety Shot fo~ Jangle. L.A.S.L. ay 21 and 22, 1921.

@O4-33068, A status report. Sert. 18, 2 *. /CONPIDEATIAL).

i

res



e
f
.

7
b
a
w

oe
a
y
e

o
r
d
e
b
e

é
I

sweep 4 to 6 cycles per second. The probability of a particle remaining

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

vanishing small, ... Protestion will aleo be provided by the mucus

lining which is itself renewed several times um hour." Accepting the

estizates above and the asthods illustrated tn appendices E and F, it may be

corputed that about ¥ reps would be delivered to the surface of an imagin-

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

microcuries),. Licgerdovea will bedelivered closer to the particle but

with the relatively rapid movement of the particle, it does not appear

that large doses wili be delivered te a g-eat murder of cells. Multiple

exposures might occur from additional parvicles but again this risk is

difficult to evaluate.

Considerable effort is being directed toward the stuty of conten

{nation of food fros fallout. (ne element of maior concern is Sr, It

has deen estixsted that if oce were to suds! st extirely on food grown from

soils containing about one nicrocurte per square foot of Sr, (1,000 pounds

of calcium per acre), that over a perio‘ of years there would aceummiate in

the human skeleton » body burden of one wicrocuy.. :f srs, Soils taken

“a

 

frou ’

about miles from the Nevads Proving Grounts, now show a concantration

of microcuries per square foot

®iclvate comrunication, L. &, Dean, L. ° Dw, artaert of Agriculture,
Beltsville, Maryland, 4;ri) 23, ~95.
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(Although not of direct soncern te the Nevada Proving Grounds, it is

ef interest to note that soils were eollected from the Marshal) Islands

following the fallout in early Maret 19%. Appendix + summarises these

date.)

4 recent rejort® strongly suggests that eontarination ef leaf

surfaces followed by either direct consim;tios ar intake by way of milk

is fer more an important pathway of intace than ty the soil~plant—anisal

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

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

This saze report® raises a new proties, Based on stated assumptions,

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

feotopes may be a greeter hasard than 2, Porther, the report suggests

that \forthene,finesof yearsenIntekeofellautpatertelamy-comeby

1 ae,'the dose to the thyr ‘4 (delivered in a few weeks) may

 

be many tines grecte than the theoret!ral maximm external dose. Additional

@valuastion will be given this preblex.

 

BRerort on Geatriel,  USAFC. Divis! so Riclocy and bedicine, Washington,
cL. C, wuly 13:Ne 8on |
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if integrations of dose rate readings are used ia estimating the effeo-

tive biclogical domes, thea table ¥ may be used.

TsaRls '

Mitiplic ition Effective

Factay iological

Doge

Maximwm theoretical radiation |
dose from time of fallout to Ws
15 days later.

Maxie theoretical radiation

Gose from 15th dav to one y 49
year.

 

TOTAL
(best estimate of
effestive biclogical
Goss)

iffilmbatges

or

dopepetersary

vora onpersonnel and the evidence

ugethe yiew that the realings sre a peasonably eocurate

thedopepeosived,than the yaluea recorded on the fils

padge be accepted with@ correction fastor of J/4 to account for the

 

difference betveen the dose received bythe film bedzes ar dosinaters

(including beckscatter) and thatreceivedateotissue depth of five
  

oentineters.

TES _ ‘
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cada

1953 the followi-g recomedation was made,

*It 1s recommended, and found to be in conformity wit: the present
principles of determi’ing perm’ sei le excosure lirits, tiat for test
operation perso nel te total ‘ody ga-ma exposure te linited to 3.9r in
tirtecn weens, arc Vat te sare Mijure -e aplied to the off-site com
monities wit ¢ « fur! er qualificat o1 inte latter case tat tie is
tre total figure for te year, Ia geoeral, t is implies a single test
series in a-y gi vet rear,"

Or tre esia of t le recomme dato add t.e reasoning discussed under

Policy I, tre eriteria for estimating \ # w ole -ody gacama effective clolorical

dose are summarised i fade V7, [twill « wted t.at te ‘iological factor

ineluded cxcer Poli-. * {a omitted tn “a icy V. In the first case we are

Gealing with relativel, 4g doses ta’ «a. reqiire erergency measures wit

tieir attendant -azarts, Tt ie a eltuatio; Were one wishes to estimate all

pertinent factcrsa 4 ewaluating radie*<:  ‘oses ever thouy ¢ @ may aot Le

kaon wit precileer as, eforte recome din, @° emercpe €: actior that mar

produce greater pro leas. In the case o” "olie~ ¥ ene ia concerned wit:

relativel: lower doves duri-¢ rovtinge operatisca, It would -e diffierl: to

justify or teone and te propos tin’ ‘hat week]: doses for ge .eral popula-

tions may te 1 tegrated ed tace ina eingle expossre without pelt; a:d on

tie ot er =and trat a ci ves dose reoet red over a period of a year ma, be admin-

istpatively reduced teoause ef ‘oloj;icea: repair, T erefore, the ‘dole-ical

factor is emitted,



The general effects of backecattering on measured radiation doses are

fairly vell established. Further, knowledge ef depth (tissuse)~dose eurves has

edvanced to a quantitative state.® Thus, thare seems to be little doubt that

a file badge or dosizeter worn om the persca will over-estimate the gamma

radiation dose delivered at e depth ef five centimeters (named depth ef

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

quality of radiation weder consideration. Ome report®® dealing explicitly

with radiation ine fallout field suggests » factar of about 3/64.

. Jonising NationalDose
Bureau of Standards Handbook 59. September 24, 1954.
MMIT-SlA. EnercyGareRadistion, January 1954.
CONFIDENTIAL.
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Aswune: Tie of fallout = 6&3 brs

Then:

Assunce?

Then:

Dose rate ct B¢3 @ 667 er/hy

Theoretical mexirux dose fron tine of
fallout to three hours late:

Savings by resaining indoors for
three sours

One year effective biological dose if
personnel dic renain indoors during
the three hours (based on same asain
tions coatained fn section on evatiise
tion

Fer cent of one year effa-tive biolog-
deal dose savec by renaining indoovs

for the three hours

EXaMPL 11

Time of fallout © HA3 hrs
Doze rate at 43 S 667 er,tr

Theoretical mexicua dose from tine ef
fallout to eight hours ister

Sevyings by remaining indoo-« for aight
hours

One year affective biological dose if
personnel did pot remain itioors
during the eight hours (based on sams
aspuzrtions eomtained in sectfon on
evacuat ton)

Fer cent of one year effective blologe
Seal dose eaved by resain no, Lnloors
for tre eight bours

ivr

C.&r

—— 5.0 r

2.n0rFr

1.35 r
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APOFHKLT =

_ CALC: LATMe
Of Beta Tone Rate at Toot of “wer RA LErans|per

- Square TOM SBC UPR oF _ Suave,~ we

 

i

Assume: 1.5 Mev “eta (Bean energy. - 0.5 Bev)
f = 19 e22?/pe

((7.48 sea mes a aingle mass @ sorptios goe7Tictent.)

Ht io oP
Bo = num er of e'as a surface per en? per sec,
Buf " " " th x

P
x

m&85 8 Bor tio: coetfictent
@latea ce "teth wtndar eonthd-rationa

t

8 Re poety
2

woere: F . dos¢ rate ato tw 4 ‘

. oFmeRee rs a om as
po.. oy

- wz (20)KooPpas) 2 2.5 Bo Bew/emeee,
?

. Bo= 3.7 x b woere: ( = acco? i. ghieroeurtes per ex?
R= 8,65 x 10% Nev/or-sac,

. j Ew (1.39 x 10-1) Cjerzs/emaac

or @® SOC pace.

Frarmple
Aeomwar C = RO oe/om® e@ta'

Fath 0 were 2 = does rate at depth 7 m/em? dn reps
CT mt ownfort 4 t Re

fT = (5.u)(80)
- z Liv repsfr

or ei reda/or

Sormarts 3 et Toa “ate coersa’ pl at 7 Ee Jem? to

Ca ra Tose Fate Meay tet 6 cr "sy Siele pt 7 ree
Sem Ao ooyve the Th. Fao ,

AsTv.ceé1 20 fi fot wa), el *va

Lewacre’ ? (i a@ ma

. L3? 2x
OnLy, itn, i
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ALENDIL£ tyeeds B)

The following (data are abstracted fror exrne-inertal results, wherein

a thin pee source prepared by soaking a f‘iter paper in a solution of

phosphetes, alloving !t to ¢ry, and then meas.ring surface dose rates

with a evurfece ionisation charber.?

Thiekness of source 9.6 rg/cx*

Activity af source 77.0pe/oxt

Surface dose rate 0.127 rep/sec
~ 457 reps/hr

Dosage rate at derth of x certinaters e79-5x

&. Ipeoretically

UsingtheequetionfroxApreniixBP

Re22eTR (por 33°)

Substituting above datas
~(9,5)(0.907, 4,

R 2 9.5 Roe , a4 .

a
 

27,90 C repa/hr

Let C © 77) asc/ex*

Fo Then Re 7) x 77 .
g © 539 reps/hr at 7 meer 732)

ey ffir le, Tacwon E. leGrawill Fook

 

“7



en
Tt

ww nl :

3B. Experimentally

Rw 457 074923) (0.007)

= 427 reps/hr at 7 mg/ex* ph?

{ The two above approaches are within 26¢ of each other. If one extrapo=

lates the experimental data from a sourre 0% 3.6 ng/ox~ to a thin source

(for eorparative sure ses’ the tuo rethods ace within 29%,
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CALS LAT) ONS (5 ate

Gacma Dose Rate fron a Field Six Inches in Radius ad|Canter

FourInc. es AoveSurface

ae
+ | ~Ot

Dose rate of gama fro= a point seuree = ro SS.
L - we oN de>

rz 60) were ry * r/br : ae
C= activity ir euries per acquare foot
For everage ener, o° gacras (ev)

s
y ia a “A ?

ry
)

f

 

les

lets x 1/2 foet
t€: Lo pe/rn? or 1, Ax inv? ofr? te )

F= 0,” Mev
=

h® V/% fact ray? o£ Cyan?

rs (1 ee MU a lir-2 WO? tx ee ot ) |

. ' wal

a O°S nfs

Comparison Gacma Dose "ates Frog I[nficite Plane et @ -cig-t of Three Fe. t
Aove tie Gr-und to Area of ix Tuc cacius aid eig t of Four Incnes,

‘3ee}
a Bepacur e ‘wt Let

t 36
x toe

c ‘ty
:

belrfroat
0,00 mie



ALFENDIX&

Assune: a. FPotnt source
b. O.5 Mev averege beta energy
. w 1) ear?/gm

Rate af decay follows grt?

The dose del! vered at the surface of an {raginary sphere at distance
R from a point source.

(2) x(n) =e? a
gran

where XK(R) = dose delivured at the surface of an
imaginary wphere at distance F
average energy of beta particles
total mumber of disintegrations
mass absorption coefficient

x
| C

Substitutingys° se ps

Thens (2) E£(R) = 0.37 re— Mev
goedis(atagret or

RX
— 6.85 ,

(3.0.) K(R) = OB x 107° 2 ailiirezs
ble ntegrat ion

or

6.35 -
(3.b.) K(k) Spee xo grF

RK di«interration

Equation (3.a.) i» plotted an the at-ached graph.{

FCR FISSICN PRCOUCT:,

pT - - ~1.2

f° (5) dem 4,
_ where: 4, = disintegrations per imit tine at time "a" after detozrat'

7 4 4, @ disintegrations per unit tine at one unit of tire after
oo detoustion

®rossi, HH, anid yltis, RN. "Dietritute’ Heba “ourves in Uniformly Absorbing
Fedia" Rucjeogie: Jule 1750, ¥. 7 .

Pa

4
s
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a TO

Integrating equation (2),

(6.0.) C2 Sd (t—0-? -0,-<-2)

and

1.2,. <0, ).2>(6.b.) Cw Sagty (649-2

where: ® @ total nuzber of disintegrations frox tins "a* to "b*
t, @ tine after detonation
%, * later tine after detonation.

When t, is infirite,

(7) Cec = 5a,t

By the use of ecustions 3.0. o- $4. and 6.6. one may compute an

estimated dose at the surface cf an laaginary sphere,

Of course, the problen is the determination of "t* and *t*> 1.@.,

bow long after cetonation will a radioactive particle appear in the lungs

and hov long will the particle remain in clace. The first tine (t) is much

easior to estinste tian the later {ty

(See text page - )
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Lett t. #3 hours (time particle ts deposited on skin)
ty @ 27 hours (tire rartisle 1s removed)

Asuumes 200/reps = total dose required in one day to ;roduce recosnissble erythem
O.l ca @ radius of inesinary spi.ere within which cells mst receive

2000 reps or larger,

According to Appendix E, 2.5 x 1077 rezo, disintegration is delivered
to surface of imaginary sphere °.] centimeter in radius

a

oC2 8 x 109 dleintegrations requirec
2.5 x 10" .

C 8 5A,At, Ay .7

6x10? 55431.2.22~.D

A, = 1.55 2 7 ahr op sbout

12.0pe at % 3 hours

Of course, the radius of the {zaginary . here selected will materlally |

affect the ealculations, Por example, # radius o% %.3 om vould require a

particle of about 120 «lerceur‘es at FY} hours to give the same dose,

“—
“

1
*



Assure! a. Assume famta energy is approximated by compartson vith radium,
be A particle of 150 nterocuries of beta activity or 75 microe

I = 2,408

—

MonTY "
aad
HeainSnlhSea

Tete at Four froenes Pron g Jingle Particle of Pellout
 

Estivate of Ganvg Dose
Vatertal

a

Lets

curfes of -amra activity,

d= centiaeters

ne # 7.5 x 10™
d@10 en

(8a) (75 x_197)

{ “ee io cendiy q, |

where: Io parne dose rate ‘r“hr}

= 0.063 ur/hr gamma cose sate at for toches



APFENDIZ B

D c i : mSingle 'aticles of *uthegiur and
¥ ate

A. Corparison of beta energies fron my203 ant %: 4 2 ytore to that from

fission products,

Paso 9.3 Mew beta (T= 42d)
Ruy-9 ~0.03 Hew beta (f 2 1.0y)
rh~S 3.55 Mev tete (Ts 0 «1

ABBUOBS ryl93/p,,196 ratio of »'.75*

To estinate mesn average energy of betas Crom sixrtures

Farts Tzotore ‘axizun SnergyReta cighted Mextirus Fne E

1.0 muL03 5.3 9.3
1.33 P2196 1,03 0.0%
1.33 uh 154 As

5.07

es

Average energy ~ 0.5 or rourhly ecufvalent to thet uerred for fission products.

(Of course, the average enerzy of the betas {s not the sole consideration.
whereas the average caxicum energy of beta from ?'ssion products is asmuned
to be stout 1.5 Yew, the “ore energetic 7.5% “ev ‘eta from 16 will give
higher doses at greater fe;trs.)

 

*All of the data contained .erein op vhethentam '; coctained nl faj2068.
A status report. Sept. 5, i F84.
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B. Data on doses and effects from eingle carticlens of R193 and Rrl06

& R

1. Sise of particler a)a 1207a

Astivity of partices tl me ipe

Dose rate to 7 og/ ents 6,600 rads/hr 27,500 rads/hr

Time dose delivered: -& 4ayn ~6 days

 

2. juryeyDoseFe ——-—ifecke
(mrads/hr)®

400 Gone visible

750 Reddening

2,500 Desquamation

11,000 Tissue Destruction

21,000 =F OOO , 000 Tissue Destruct lon=-—
2 om across
8 om deep

Cc. 750 8.3 ps estimated activity of particle producing reddening

90 affect in about 144 hocre. The estimated sise is 100 microns.

D. (3.3) (144) #2 1200 pe total activity accounted for in the 144 hours
that the dose ves delivered. (Assuming constant
activity during the 144 hours!

 

* 90 oradsa/hr @ 1
## "total dose ref to the hot spot directly telow the particle, and is

vaiid only as to order of aagnitude.*

ple
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E. What specific activity 2f a varticle of fallout would be required to

deliver the same dose in the same length of -‘ze?

The answer to this yuestion depends upon the tine after detonation

that the particle comes in contact with the «kim, Assuming this tine

to be 14} hours, the specifle activity wuld have to be about 150 pe

for the same size particle.

Since the partiola may be washed off before six days have expired,

one nay consider the problem ancther vay. wat mist be the specifies

activity of a particle «t 843 hours te del‘ver this dose in the next

24 hours?

According to Strandquist (p. £.), only sbout 70% of a six day dose

need be delivered in one day to produce the same effect (erythema).

Accepting this, then a particle with about tie same activity (160 ne)

at H¢ 3 hours would be sufficient to del‘ver an erythema dose in one

day.

re
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F, The following data ave rejcrted for single ;articles collected during

Upshot-Knethole® and Tunhler-‘napper##

 

(eiles)
Ww??? 45

—_*"* z00 130

1,626 x 924 GOO 10

919 4E0 12

723 350 u.7

Th 400 10.

355 140 U.7

387 259 U.7

234 4? 14.7

115 rie 95

&l 3.0 4.7

20 as —

It is not intended here to imply these ere the maximm specifies

activities .er perticle that existed or could exist. The date at 14.7

niles are reported te show the wide range of srecifle activity that may

occur at one locality,

 

WWT-Z1). "Distribution and Characteristics of Pallout at Distances Creater
than 10 Miles from Ground Zero, Marah and April .943", fainey, C.?., ot al.
(SECRET) ppg La-1685,
S80CLIRm243. "Prelininary Study of Off-site dirborne Zadioactive Materials,
Nevada Proving Grounds", February 1953 (SECRET) sng LA-1425.
###Datea from estimations t ased on radioautograpn -«thods
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FENDI

EstimationRatioof Surface BetanoseFete Pose

Gamma dose rate readings at four inches i!stance from a plane surface

two inches in radius, {s 1/40 that from an equslly contaminated infinite

field. (See Appendix D.!

Assime an object having a twoelnch radius (s scnotaminated on all sides

(but not necessarily uniformly) so that the gawsa jose rate is 1¢ tines

that from en equally contaniaated surface whose area fs equivalent to the

major cross-sectional plane 2f the object. The fraction given in paragraph

one now becomes about 1/27. Further asmmme a *¥)1 ratio for beta -urface

dose rate to gamma dose rate at three feet ators an infinite field. Then,

the beta surface dose rate to gama dose -ate a: “our ‘nedes will be

2700/1.
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The following assumptions are made in estimating radiation doses

to the lungs,

A.

C,

DB.

5B.

Yr.

NOTA A

Twenty per oent of the inhaled activity is deposited.

There will be no elimination of particles during their radice=

active lifetimes. There is uncertainty as to the biological

half-life of particies in the lungs, In those communities

showing the highest concentrations of fallout, the peek of

airborne material (vhish accounted for the greatest parcen-

tage of totel fallout) occurred only e few hours after

detonation. <f one assimes a radiological decay according

to 71°? and a biological half-life of say 30 days, tho

omission of bio.ogical half-life wuld not affect seriously

the eomputed total dose.

All of the activity is associated vith  carticles in ths

respirable range of aiseas., Fast diate from cascade

impactors indicate that about 90% of the activity is asscel

ated with particles ‘ microns or less in the sommmities

surrounding the Nevada Proving Grounds.

The lungs are miformly (rradiated,

The weight of tne lungs is 900 grams

An individual inhales * cuble cetears cer 24 hours,

+



 

G. The average beta anergy is 3.5 Mev,

H, The gama dose {se negligible compared to the deta dose,

  

 

ila IL... iil, iL Yy Aer
ne_inhaled

tte) Azprexincts {Coli tines
\-r Midpoint CollYtines

0505 Duration Detonstiog __po/M 6834 Dad)
0410 = 1130 4.3 hrs 3 ore 4.1? 15. 3.9

1130 - LAL5 3.2 hrs 8 8 ¢,38 4,4 1.26

1445 - 1845 4.0 brs 11.4 bree 6.3 x 1074 Qe 0.63

1845 = 2300 4.2 hrs 15.8 bre ded 2 10™ 1.40 0.§

2300 - 0635s «7.5 brs 21.4 drs la x 10™ 3,087 0.02

#063$ = 1835 12.0 hrs 21.4 are lea ko +239 9.03

fissured

D © gatsb-2 E002 _ 4-0-27

Lett t. = 3 hours
th # 2124 hours (13 weeks:
4 #8 3 pe

D = (5)(3 x 2.22 x 108 x 60}(3)2-2 (70-2 - 221K7

= 4.4 x10” disintegrations from 3rd hour te Lit} veak.

Assumet E 2 0.5 Mev
avg. |

(h.4 x 107) (0,5) (1.6 x 197% (Qe) (99 ) 54.22 1reps
42 STepe At

fr.

Total Iumg Dose “or 1” weeks! w* meeps

seine amy



Assumet Average activity for 30 minutes {3 0.5 ce at 243 to 443} hours
(See reference appendix +.)

Thens 0,9 22.22 10° x30 73.3 82 107 disintegretiona/3) misutes,

At surface of tmayinary sphere 1.9 mm in cs.tus the dose rate is

2.52 x lo™ ares (See Appeadtx £)
dilsaintegrat lon

(3.3 x 107) (2.52 w 10) 2.3x ww reps, %) ainsit
il 2 or eps/%0 xnie

e
e



AEFENDIXM.

Estineteor”In“oilsofPacificIstends

_— — $xee
Likiep® Lex gr g.7x! 4

Jeno 3. no Licxir 4

adluk Lad 38x oF

Majuit Lea 2.6x07* 8

Orned 3.ex2074 Leia” 4

Kaven 1.4x.074 gx? 2

Wothe 78x07 Lax! 0.§

Rongelap
(Northern) 42.0 . ¥ 590

(Central) 2.0 5 §x1)7} 500

(1 al.2.Village) “0 S$.} 500

(So, Cistern) 4.5 9.2x1971 500

Eriirippu® 230.0 a 4,500

Eniwetok 50.0 Lid 1500

Kabelle 2m.C 4.9 1,300

Utirik 53.0 9.éz107% 60

Biker a3 g.axio7} 250

Enivetak ae 6.6x107/ 400

3ife 6. rec ¢, x07" 170

Heent® *800

#All data as of May 5, 1954, except island of Er-‘rippu where date is Hay 20, 154.

_s0Estirabed-from compartson vith toze-rate survey -ealines with Eriirtpre. Hichest

-—fabtout-on-any-isiand asesured,

DEAL nan


