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Attached are the draft forms of the Mg{mmm
Commipsion Regerding Radiological Safety of the Public During
Weapons Testing gt the Nevads Proving Groundg that we discussed
several weeks ago. You will note there are only a few minor changes
and that there have been added two new sections (Policy III and

= Policy VI).

) : Since the policies are still in draft form I trust you will not
mind reviewing them in carbon obpy form. The Division of
Biology and Medicine has reviewed the policies, and after incor-
porating recormendations from you and others, they will be rewritten
in final form for Commission action.
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The following policies were establighed after full ecmsidsrstica for
the hsalth and welfare of the public, both in terms of rediclogisal exposure
as vell as possible hasards, bhardships or inconvenisnoss resulting from dis-
ruption of mormal activitiss, They are conzidared to be sound guides to the
Test Manager not only for protecting the bealth and welfare of the publis but
aleo in arriving at decisions that would be morally and legally defensihles by
the Atonie Energy Comission,

Tvo basie sasmumptions are made in this repert:

1. It is the respomalbility of the Divisicn ef Biclogy and Madicine
to estehligh such palisies for the Atonls Enargy Commission as
dosned pscsssary to protest the health and welfare of the
general populscs from consequsnces of weapons tests condusted at
the Fevada Proving Grounds.

2. Although the Pivisicn of Blology and Medicine will gladly give
assistance and advice, the operstiocnsl procedures adopted for
mosting these policiss shall be the respoasibility of the Santa
rommwiummrmhm,uunmmm
Division of Military Applications.

The folloving palicles 4o mot apply to domestis or vild snimals sinoe

levels of radiation vhich would be significant wvould have to be much higher
than those specified herein,
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Introduction

The declsion to evacuate l comnunity is a oritical one for t:ree
principal reasons, One, prssumably there might be a health hasard if the
personnel were allowed to remain, Two, there 1» adways an slement of darger
and/or hardship io personnel involved in such an emergency measure, Thros,
the evaguation of & sizalle commnity would seriously jeopardize the future
use of the Kevada Proving Grounds and thus saffect the country's weapons -
development proerem,

Jt 18 recognized that extermating circumstances may sccorpany any
situation where conditions i:xlicate evacuation &3 & mode of sction, The size
of the community, areas and acocommodations svailable for the evacuees, meaus
of tranaportation and routes of evacurstion, disposition of ambulstory cases,
protection of the property left behind, and many other factors may enter into
the decision relative to svacuation, A dlanket evaiuation eannot be made in
advance; each situation can be unique, The following criteria thcurefore are
sugrested as guiéeq/i:uanm the ponssitle radiolocical hazardsy the final
Cecislon must be mtdo on the tasis of &ll relevant factors known at the time,
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Criteria
A Table Ia summarises the radiological eriteria to be used &n evaluating
the feazilility of svacuation,
TABLE Ia i |

BADIOLOGICAL CRITERIA FOL EVALVATIG FZASIRILITY OF EVACTATIOR

Effective biclogical Dose® Minimum Effective Eiological Dose
Calculated To Be Delivered That Must Be Saved By Act Of
: In A One Year Period Evacuation (Otherwise evacuation
( Followin~ Fallout will ot be incicated,)
- Up to 30 roentgens 4 (Bo evacuaiion indicated)
- 30 to 50 roeatgens 15 roeatpens .
50 roentgens and higher (Evacuation indicated without

regard to quantity of dose tret
misht be saved)

eThe "effective tiolorical dose” in an estinmate of a Yiologicel *damare”
dose, taking into account the lengt: of time for delivery of a given

' dose, and the reduction of dose due to (a) shielding afforded by
buildings and (b) the process of wsathering,
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The rationale for table Ia is as follows: %The total effective tiolopfcal
dose that would be received if evacuation were not ordersd is obviously &
determining factor, Another sonsideration is the fact that such an action
&3 evacuation could be danrerous to the individuals and could also possidly
be detrimental to & very necesszary national effort of weapons development,

One must t:en ask, %Just how much will be gained {radiation dose saved) by
wvacuation?? Estimates of these twv varisiles are indicated in table Ia,
Thius, & populace may receive up to a calculated 30 roentgen effective blologicsl
dose ia cne yoar without indicating evacuation; from 30 to 50 roentgens,
evacuatioa wuld be wnndM only 4f at least 15 roentgens could be saved

by such action; and at 50 roentgens or hicher evacustion would be indlcated
without regard to the possitle savings in radiation dose,

I: maxing & roug: estimate of radiation doses, one may calculate &
theorotical maxirum infinity gamma dose a~d then n‘:itrariﬁ divide by some
umber such as "2% for an esticate of dose actually received, ‘¥hereas this
eay be satisfactory as & first approximation, s more realistic estimate should
e nade, especially w en dealing with doses that might constitute a health
hagerd,

Due to the necessity of making early measurerents and decigions, it is
to be expected that dose-rate readiigs, taken with survay meters, will be the
availatle evidence &t -the times of concerz. Table Ib summarises the paramctars
considered in estimating an effective biological dose btased on dose-rate

readings,



At later timss after fallout, better estimatos of redistion doses received
mxy bs obtained from film bedge readings or dosimsters. If these film btedpes
or docimstors aye worn om perscansl and the evidence of their wee supparts the
Wwwmmumhmmmtott&mmmm
received then the valuss reocrded ea the £z dedic or dorimster may be aocepted
with a ocrrection factor of 3/4 to account for the difference betwoen the dose
received by the filn badzs or dssimster (including bactscatter) and that received
st the tissus depth of five omntimsters, Takls Ic may De wsed in eriimating
the effective biclogical dowe,
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Froa time of return |
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- - A% later times after fallout, better estimates of radistion dozes received
my be sdbtained from fila dadge readings or dosimsters, If these film badges
- - or dosimstars xre Woom ¢ personnel and the evidence of their uwse supports the
l visw that the resdings are & reasomably scourete scoount of the radiation dove
> recsived then the valuss reccrded om the f£ilm bedge or dosimeter may be accepted
with & correction fastor of 3/4 to socount for the difference betwesn the dose
received Yy the f1lm dedge or docimeter (including backscattar) snd that received
st ths tissus depth of five centimsters, Talls Ic mxy be wsed 4in estimating
the sffective Yioclogical duse,
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— - Biological Biclogical
: Film Badge Dose Factor Dose
Film Badge Biological or Dosimmter (Colum B (Colum A

» Readin~ F=ctor Correction = C) x D)
Trom tive af fallout
until time of 11 M /s
(
Froa time af return
to 15 dxys after a 3/ 1/2-
initizl fallout
From 15 dxys wntil
one year after 2/3 b Y0 1/2
initisl fallout
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Discussion of the Biological Factort As longer periods of time are involved

in the dalivery of & plven radiation doss, lssser biclogical effects may be
©pected, Fron the time of fallout ontil the time of evacuation probably
will be & matier of hours w:ich has been considered essentially an instantan-
ecus dose, 1,e,, the biological dose fastor is 1/, From the time evacuation
oould te accorplished to time of return probably voum be a matter of days,

so the bioclogical factor has bLeen estimated at 3/4: Froa 15 days after fallout
until one year later is esmf.!mlly 8 duration of one year, so the bioclogical
factor has been estimated at ‘a/?. It will be noted there is no calevlation
after one year, because it is expected under actual conditions of yadioXogical
and weathering that protably no significant doss will be delivered after a
years time,

It 1s recognized that t.e precise quantities sugrested for the biolop-
ical factor cannot be supported by concluzive evidence, It §s reasonadle to
expect that the delivery of a given radiation dose over a j:erlod of many days
will have less biolorical effectivensss t-an an instantaneous one {nerlecting
genetic effects) and that the extension eof the period to essentially one year
siould yleld a still lower blological factor, One piece of supportive evidence
1s the work of Strandcvist® where X-ray doses to the skin vere fractionated
inte oqm.l» daily amounts, and the biolerical effects compared to a one treat-
ment dose. &%pht of total doses versus days after initial treatment
yielded straight lines, For example, the curve for skin necrvsis indicated a
ratio of 300C/6700 roentgens for & one treatment versus 15 daily equally

«Sievert, Falf M, ®"The Tolerance Josec and the Prevention of Injuries Caused

by Ionising Radiations®. 7y, Y ivh Tovrvs/ g+ Redio !3‘,“,./
Vol. XX,ho0.236.Avg. 1547 - -y ’ v
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fractionated doses, Of course, dally radiatios doses received froo fallout are
not equally frectionated so that tie ratio would te in the directio. of unity,
Dey by day doses delivered frox fallout from the 15t day to One year Are more
asarly equivalent than &t early times {ignoring the weatiering fsctor). Strandgvist
dawa do mot exiend beyond LO days and it {e questio & .le to extrapolate his deta
in an attenpt to derive a sizilar ratio as alove based on one ysar, since ot:ar
uncertainiies are eo great, 1,0., effects of woatrering as affecting tie rate of dose
delivery, ete, The ratio would presums:ly bLe farther from unity tian for a 15-¢ay
peried,
a . :
e skin is/relatively rapidly repaired orgaa and thus may terd to over-
e anise the effects of fractiomstion when considering whole-Lody gamma doses,
Cronkite reports® "In the dog, with col.alt gamma rays, t:.e dose t:at will xill
S0 perce-t of t e dogs in a t irty-day perlod w e, delivered in a 8! .rl¢ dosc At
rovg 1y 15 r per mi ute is appro-imately 275 r. After ¢ .4s dose of radiatio: tue
animals tecome 111 wit-1: & pertiod of 7 to 10 days a:d deal .2 occur ~efmeen the
eif b a« twenty;-Tife da,, Keoorriage, {.fectins, a4 profound ancmia are
prevalent, I t.e dose (s decreasod to 100 r per day glive: over a fourteca-.our
period, t e let al dose i3 ficreasnd to &0-30C r, Under ‘ot comditions, t.e
arlmals die 12 approximately t:@ saxe period of time wit,: ide.:tical paifestetio.s.
If t'e exposure is dropped tc 25 r per day given ovor a fourtoe-iour period, the
let 2l dose is t en increased to well over 1200 r, and t e smplons axd find.ngs
ars ¢c-anged," One probtlem in sue: experimants is t.e evaluatio. of possi:-ility
t-at t-e animals may be virtually desd w:ile the sx-osures are continned, ‘his
mirnt e 11lustrated in experiments uging t'e rwrre wiere the dally doses of L2O
200 and 100 roenipe s given tuv t:ree separate groups required 3600 tc hOooo, 2500
to 3200, and 2000 o 2400 tatal mntgpas rupectivaly for 100 par oeant let-ality*™®,
2 Nedical Asppcts of Radiolo«’lcal Lefense, Cronklte, E,Ps lLeciure to Federal Civil
Tefense ddministration, Reglonal Conference of Nort.easters States of Radiolo{cal
and (herical Defenss, Kew York City, Octoter 22, 1953,

#: UCLA-?295, respmonse of t:e furro 1o 100 r Fractianel ¥hole-Tod> Czrma Ta:r tadistion,
Haley, 7., €: al, Junc 10, 195k, 'nclass:fied.
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Experimental data reported ty Boche” are summariszed helow.

Bo, of Doss per  [ose per Skervival 70tal Dose
Days Pay (r) Veer (r) Time (¥cs) r
20 10 60 .24 U0
10 b 36 - 83 2923

Unfortunately normal survival times were not given nor were the ages of the
anirzls, ( dsas)

RleSr*® has taze~ t-e two points from Goche's data, inserted tiese inlo
rias (Blair's) equation relating reparable a-d irreparstle darsge., T.¢ ratio
of insta-tansous dose to 15 day dosze is 350/L50 or 0.82, aad for L mo 'ths dose
a:out 525/350 o 0.67,

Blair sugcests t.at "The poinis ars tog few to delermine t.& coastan's
{(of tiec egquation) wit u‘xy aoccursc; btut should at leas! Le {in tae proper -
range,” However, t:e eonstants of his squation -ave checked well wit. more
exteizive dzata 01 ol.er animals, !is equations 1 dicate t:at t-e rate of

&6'7 the Fypos of memorl o3 'u‘rrJ)
recovery of repara le injury, is fastest 11 the mouse, a'oul one-hsll as fast
ia te rat and a'out one-sevesth as fast i v:e guiea pig &< dog, iut as
Blair po!l ted out thr reaction of t e dog 1s more representative of t.e larger,

longer-lived anirels,

2}3TDC-20k 0 servations on Fopulations of Aniszls exosed to T ronic Foentren
I:radiatios. [ocie, RuDs 19L7. Unclassified,

:20R=-207, & Forrrlstic: of the Injur>, life S:za, Nose Felatisns For Ionizlye

Frdiatlons, Ii Aprlications to t.e Guinea yi-, '8!, &:d 10-, -lair, . &

oie
L ;’ I,’le SV ClA L TAC G,
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I scussion of t.e Attemuation axd Yeat ering Factor, From the time of fallout

until tie time of ewvucuation it is expected that personnel will be kepti $ndoors,
(See Policy ) Eajor losses due to weat ¢ring ean net ve relied upon during
this period, so that the estimated factor is /2. From t:e tiu‘ evacustion
oould have Leen accomplisied until t.e time of eslimated retura &t is n-tsmod
t.at persomnel will te indoors aout half of eac. 2l ‘ouras and t-st majar
losses due to weatreri :g can not te relied upon, Th@ ever-all factor is t-us
3/L.

The sanc reasoning applies to the ¢ ird pericd of tima, {,e., from assumed
time of re':t'urn to_]S da s after fallout, ' . |

From 15 days after fallout until one Year later it is estizated that the
attemation due to :uildings and t.e effeots of weat erirg will yeild an over-
211 factlor of 1/2,

Dose rate readings have lLee:n take: wit: surver mcters cutside and inside
of houses around t:e Hevada Proviny Grounds after fallout occurred, The ratio
of readings wvaried r_s.t"- te typs of éox;ptxucuon of ti.e house and wit: tme
location wdt:{a t~e Luldding, Geﬁerlliy, t:e ratio of readings cutside to
inside & frame house wes about 2/1 wit: a somew at greater diffecre~ce for
s ry eonstruction, 4 limited rm'er of film 'adges were placed outaide
a4 §:sids of s:3e houses durlsg Tum ler-Snapper and also Ups-ot~rnot-ole,

In the first oase, the differeice in total doses was agal: 2 to 1 or greatar

but during Ups-oti-Know-ole erdy sbout a 20% difference was noted, In fast,
ia one case during Tp= . otinothele Lie film hadze inside read hig:er tian
cutside, %ne diffcrences “etween t.n3e experime-ial data will ~ave to e

fuvestifated during foturs operations,

ROZJPA0
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T very nature 07 t.e weat ering faclor ma:es U g & i ficz]t paramcter
to evaluate, The pro ability of occurre.ce of pregipitation and/or winds axd
o to what degres haz to e eatimated 88 well 83 their effects on radiation
levels, Lleaching effects were studied on soils & out 130 =iles fm ground
{ sero where fallout nad eccurred during Upshot-Xmoti.ole, niu rate readirgs
were {nsignificantly lower than ¢:ose predicted Uy Mio&ogic&l decay aocording
te t~1+2,after a period of more t- 22 one ycar, One exarple of tie effects
of w.nds whiex. was 0. served during Ppshot-Knotiicle, The fallout froa the
¥sre. 17, 195) detornation was in & long narrow pattern to the east of ground
) serp, The second dxy after fallout & rather stroag surface wind Hlew almost
, ',' at right angles across the arex, for g out a period of a &. Tose rttg
— readings were taken on the first and fourt. days at t.e same locations and
t en were compered. T 6 fourt: day dose rates were Jess, 'y factors of tiree
Fu— o six, tian tnoze o ‘e axpegted from t.¢ firsi days readi:cs, lased oa
v rate of decay of t-1.2, (Other fallout measurements indicated t 2t the
) ~ rate of decay of ?tia fallout raterial was not significsntly different
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from t~1+2,) Decause of the physical conditions described atove, these
reductions in contemination prolably are neur tne upper limit to be expected
froa wind,

Operational Peasitility of Criteria
It 18 not the in.ent here to discuss overational procedures, but it

should be indicated that tie computing of radiation doses s recommanded

1.2

$2 Policy Y 38 & not too cdifffcult taskz, 1If one assumes & ¢ rate of

decay 8s a fire! a;proximation, thon a single gragh of dose ratea versus
tines after detonation can te consiruated that wilil represeat a 30 roenigen
effective tiolorical doae for ona year, An additional family of curves can
te made that will provide the answers to the parancters of howrmceh time would
be aveilaile before evacuation and of how lons a tinme persrmel would ave to
resain ovt of the radiation arsa ia order to provide for a savinzs of at
least 15 roenireas, '

“he highest whole-body garma dose recorded for any locality where
personnal were present outside the Nevada Proving Grounds was at Riverside
Cabins, Eevada (about 1S pecple) following shot number ssves of Tuzbler-
Snapper, The maximum theoretical infinity garca dose was estimated to be
12-15 rosatgeas, - SN
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POLICY II
Fersomne)l Remaining Indoors

Yhen the garma dose rate reading as mweasured tir a surve: ‘netar beld three

feet alove the ground reaches t'.e values given in tatle IT at the times

indicated, it is recoxmended that persoinel shall te regqueated to remain

indoors wit: windows &3¢ doors elosed.

In the event that t:ere te corvinciny evide ce that tre radiation levels

given in the tavle will be yeag . ed, 1t is recormended that perso el ‘e

requested ¢> remsin indoors R FORT t-e fallout occurs or tefore te

radiation levels equal those $n the table, > o
- TABLE I
Tine of Fallout Camme Tose “ates At Time
‘ of Fallout

1 hour | gggﬂw

, 2 horrs : 1000
y . 667
L » 500
5 Loo
6 * 333
8 = 250

- 310 .. ;,_ ,i | ' 200
12 ¢ _ 167
oL v 83 200

Yelease from this restrictive action shall be made o the lasis of

further evaluatios of tie radiological eoditicns,

-
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It is recormended that pcople who had teen ovt—of-doors during fallout

ef the aove mar=itude or greater be advised to change clothing and to

tathe, The elotl.ing may be eleaned bt normal means, Fhile tathing,

special stiention sould i@ paid to t e hair axd any exposed parts of the

bodvs

In the event that the moniioring takes place AF T the fullout has occurred,

and extrapolation of t e dose rate readings equals or exceeds those 11

talle II at the estimated time of fallout, thea §t 1s recorme- ded that tie

same advice te piven as in the preceding paregraph,

CEB R AR ERNTRTEB NS

PCLICY XY

Persosncl NRemal-ins Indoors

DISCUSSIONR
The actior of requesting personnel to remaian {ndoors is predicated on

the principle that the radiation levels are telow tioss estallis~ed for evacu-

ation and that this actlion oould reduce t:e amount of econtazination ef personncl

arxd reduce somew-ai the wiole~tody ganca dose, (See Appendix A for estimates

of reductfion in wiole-lody gamma dose.) The actual "savings" healthwise Lave

1o te talsnced sgainst posali:le adverse puslic reaction,

ihe principal gain in requesting persotnel to resain indoors is to

prevent or reduvce the amount of atomic de: ris v:at may actually fall on the

tod or clot ing, Since tie peak of fallout uszall: occwrs s ortly aflter

the start of fallouvt, it is imrortant thiat proopt decisions a:d actions te

N =y

Vyﬂ
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taken, Thus, by neocessity, the most practical eriteria upon wvhich to base a
decizion are guxma dose rate readings, which are irn turn related to the
saount of fallont,

Reia Dose To Skin
The most {mnediste solution might be to establish lower permitt”ed

dose rate levels st lster times after detonation, EHowvever, if a series of
dose rates are estadlished for increasing times after detonstion se that
their relationship follows t™1°2, then the doses delivered in X bours
(beforse the material 1is washed off) will be greater for earlier times
sfter detonation, If one vere sure of the time that the fallout :atoriq.
was to remain in plass, then a scale of doss rates versus time after detan-
stion could be made to yield the sane total dose over the X hours., 8ince
thers {s obviocusly no set time period for duration of contast that would
be valid for all sases, one might assums the worst gase vhers the materisl
remeins in place until {ts activity has decayed to sn insignificeat level,
Dose rates ¢could then be i,pproxiuhd, to yield a given infinity doss, by:

De 5kt +here: D = infinity dose
A ® dose rate at tine ™,

If ths above discussion {s accepted, then the rezaining question is to
sst the infinity Sose. Eers, we must De clear that vhareas the meazsurezents
taken by the monitors, and the data wpon which action will be decided will
be gaxxa doss rate readings, the point of principal concern is the beta doze
deliversd to ths basal layer of the epidermis (assured as 7 milligraxs per
square centimeter), The ratio of emission of beta to garma {2 a function of
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time after detonation and follows oo simpl- relationg.ip, Murt.er, t-is ratio
at ary give:. tice after detonation has net teen fircly asta lis~ed, One
report® sugpests the following datas

: Twe after detonation Beta/caca

72 hours 157/2
188 hours 1561

These daia ware o' taiued from a cloud sample, raiter than actual fallout

material, a.d were a moasure of surface dose o: & plaque using & "dosimeter-
type tete-ray surface {o:isation chamber,®

The method of collesction supresats the possitility that the thiciness
of material on the plagues may be leas’ than t-at to 1e expecied from the
amount of fallout ithat would bs of eoncern wien estinating pronal {1ities of
teta tur:s, 7 1s would result i: a differest angular disiri-utio: of the
vetas influenciny t.e jeis dose rate in the direction of a higier value for
the plagues,

Anoter reportl indicates & heta to gama yutic 0f 130 to 1 tased on
t-eoretical compriations. & t:ird nport? suzgests & redically lower raiiog
however, there ma: be some dout't as to §ts corxclusions since tre fo-isatlion
chan er used {o measure garmas eonly, had a wall thickness of 1 mm of uakellite
which ¥,,, excluded & small part of the total garma dose presest, as well ae
& large, tut uinown, fraction of tae heta,* (e range of 0,35 Mev tetas is
about )00 ng/caz or approximately 1 .n of baielite,) For our discussicn héu,

n1 A

we will assume a wurfzce beta to gam:a ratio of 150 to 1. X

e i s A

In estimating t:e '.eta dose to the btasal lr er of t:.e epldermis, oue ma:

refer to tre work of “enriqacsB. Ye exposed t e skin of Chester vh.ite pirsg
#1.7~20, Scdentific [irector's Repori, Annex 6,5, ®*Interpretation of jurve;-meicr i&tat,: <
1l ¥“An Fstimate of the Relalive Haszard of ‘eta ax Carma ladintion from Fission Products™,
Sullivan, ¥illis= P!, N'DLl. April 19L9, CONFIL N7IAL
2 U:iP-37, Project L.7 "Garma-' eta Fatio in t-e Fost-s ot Conlaminated Arca", June 1953,
CONFIT iINTIAL=RY TFICIIT TaTA. N
3 "Effcct of Deta Ra.s 01 the “kin As A Funcili; ae ‘nerg., intensit:, and Duratlo: of
Fediation", Henriques, I.¥. laboralory inves‘iratio-. Vol. 1, Mo, 2, Sumzer 1952.
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to plagques containing different radicisotopes. Pertinent dsta are abstracted

as follows!
8urface Dose Required to Froduce mwan
N Injety (Bomtgumequiraiat-  tysted kin o & Deptt
Xsotove . Juerzy . beta)
Tttrim’t 1,53 " 1,500 : 1,200
Strontiua? 0.6 g 1,500 1,400

Tttrim?® 2,20/

The average maximm energy of the beta purticles froa falloul material

varies vith tize tut wil]l be sssumed to be roughly comparadle, in respect to

depth doss, to Yttriua'®

7 mg/ow? wuld not be significantly different fron the surface ganma dose,
the ratio of 130 tolfcrbct&-gmmlbonlmdd.thtbudlwof

or 8r9°-I9°. Since t.ho‘ gamma dose &t a depth of

the epidermis,

[One experiment with sheep, using 5r70-Y90 plaques, showed that 2500
reps & the plaques' surface produced ulesration in one but not another of
two gheop.® Ono the other hand, 1000 rads ;'»alinrod to tissue depth of
7q/n2m.r32muaamuum{upanmmmm)mm
tanning, prolonged erythema and desquamation,®d}

It s to be remembered that the adove discussion was first bBased on
urface gaxma Gose rates vhereas the monitors vill be making their germa

®5Corparative Study of Experinmentally Produced Beta Lesions and Skin Lesions
in Ttah Range &OQP'. mvﬂhbw’ C.B., W" J.¥, and g‘l‘, D.B., LASL
Fovexber 30, 1953 (UNCLASSIFIED).

*#0,-33068 A status report. Sept. 15, 195{ (COKFIDENTIAL),
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zsasurexents &b & height of thres feet, Past field experience has indicated
that the gamma reading froa {onisstion-type survey meters at ground level
{s sbout 50% higher than st thres fest, Therefore if it be assumed that

a ground level gaunma reading of a survey meter is equivalent to a surface
dose rate, the ratic of beta &ose rate at 7 xg/ea® to ganma Gose rute ab

Shree fook 1s about 200 to 1.
Another approach to estimating the ratio of beta dose rate st 7 xg/cx?

" to gazxa dose rate at three feot 4is es follows, Assuzing a wniform distri-

bution of 1.0 megacuris per square mile of gamma activity, the dose rate
reading from an infinite field {s about 4.1 roentgens/howr.® Calculations
given in appexiix B indicate theat s likp ecncentration of fallout utcria.l
vill producs about 430 reps/hour st 7 mg/cm?. This suzgests a beta to
gxzza ratio of about 100 to 1 which is adout & factor of two lover than
the first approach. Added support to this latter method of estimating
beta &oses is found 4in eppendix €, “

Such eonsiderations may be fraught with pitfalls, For exaxmple, the
above discussion iaplies a uniforr distribution of falbut material, Obviously,
this is not correct tut how far this devistes from the facts and to what
extent this influences the results is d4ifficult to assess. Caleulations
{ndicate that the production of recognisable bets burnz from a single
particle requires a high specifie astivity. (Ses Policy III for discussion.)
Itwm“fl&m,thdmmm“atdlwtmmumwhuhm
overlapping of redistion fields and thus require significantly lover
specific activity of the particles to produce beta Brurns. This hypotbesis

mom e
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#xpffects of Atomic Weapons®, 1950
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has support in that even ths most superficial beta burns of the matives
axposed to fallout following the March 1, 1954 detonation showed & general

ares xffectéd rather than smll individual spots, On the other hand, the

osttls and horses expossd near the Bevada Proving Grounds showed burns
over areas only abtout the sise of a quarter,

Pven though thess may not
have besn produced bty single particles, they do represent lsss of an ares

effect than suggested for the matives., Also, u:uoautognphuntthoh.nout‘
1a areas ocutside the NIG suggest the otcwrrence of individual particles
‘ with non~overlapping of radiation fields, However, in nesrby areas vhere

the fallout wes relatively beavy, thers vas & dafinite overlapping of the _
fields,

'WITH OUR PRESENT XWWLEDGE IT SEOULD RE STATED YHAT DUE 10 THE
| PARTICULATE MATURE OF PALLOUT IT WOULD ROT BE POSSIELE TO ESTABLISH
T REASOKABLE AND OPERATIONALLY WORKABLE CRITIRIA YHAT AT THEE SAME TDE
,- WOULD GUARARTER THAT THERE XEVER WOULD EE AN OOCCURRENCE OF A BETA BURN,
) If cne ware to accept the assunmed deta to gumma dose rates of about
100=200 t0 1 (measured under the eonditions given sbove), this might mean

an infinity bdeta dose of 1000=2000 reps to ths basal lxysr of the spidermis
vhen the whols body infinity gamsa dose vas 10 rosntgena, Of course, the
i fallowt material mey be removed before the infinity doss 1s delivered;
§¥ yot, om the other hand,

4t 1z not faprobadble that &t ocould remain in the
halr for essentially this lsngth of tims., In the case of a one-hour fallout,

alxost one half of the dose vould be delivered in the next 24 bhowrs,

S
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Ths afficiency of a surface for sollecting snd holding the fallout
material is important. It is not surprising thatths highest 4oss rate
readings as vell as bdlologisal effects were noted on ths hair of the natives
and slso on parts of the sxposed body whers perspirstion vas present.
Further, it was observed that even ems layar of light cotton material was
sufficient to protect sgainst beta skin damsge in xost eases®. This wvas
dus prodbably mot to the relatively small sttenustion of the betes by the
alothing but rather to the physical sftustion of holding the radicactive
material at some distance from the skin, vhich effect wuld be relatively large.

An added sonsiderstion is the posaibility of high beta doses
delivered to persozmel fyom the falbut-materisl lying on tbe ground end -
other surfaces. If the highest degres of ccntaxination considered under
this policy is safe vhen in direct eontact with the skin, then the beta
dose fron an equally contaminated ground will mot be hasardous., (See
Folicy III for discussion on unequal contaninatfon on persomnel,) Eowvever,
it 1s trus that tho oontaimm agy exceed the amount to deliver dose
rates given in hblo II nnd yot not de great cmuzh to eon.sidor evacuation,
Some personnel may not go indoors snd those who did vill eventually be
released from this restrictive action and then zay walk around in a
relatively highly contaxinated area. Becsuse of the more limited range

- of the beta, the locstion of grestest cencern is the lover legs.

One report estimstes a bLeta to gamra dose rate ratio of about 75
t0 1 & 10 continetars above the ground . ®* Under Folicy I it was recon~

& ITr=923. S e ezed Lo
ific Rad} Cron}.ite, E. P., lt a l, MHey 1954.
*#,.095(k) 3 e o e d Garma Redie
Lrop ¥ission Froducts, Condit, R.I., Dysom, J,F. and Lucb, W.A.S. NRDL
1949 (UNCLASSIFILD)
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mended that eonsideration be given to evacustion vhen the guzma dose rate
Min;:tmrmm.mmh.ms.zr/hrnwm.
Roughly, this would eorrespond to about {60 repe/hr of beta st 10 oenti-
‘mstars, Of course, this activity desays and also it is presumed that
personnel would be semt indoors, st least for a few hours, On the sther
hand, {t strongly suggests that biologically significent doses may be
delivered to the feet if mot yrotected. 5kin lesions wers frequent on ths
bere fest of the natives evacusted during CASTLE., This prodbably vas a
combinstion of beta doss from material on the ground and frox thst seuffed
W Over the bare fest and then olinging to the skin, (Fo lesions vers
Shesd by St of Sy PN i Jo e ek rademts g
It wuld be expected that normal elosed-type footwear (as eompared to
open sandals) would afford adequate protection to the fest from such high
beta doses as disoussed bere, There is still mo guarantes that beta
, radistion from material on the ground will mot deliver significant
> ; biological doses to the ankles and parhaps lower legs, after personnel
are ralsased fron staying indoors. JFor example, if the deta dose st 10
osntineters above the gromnd is 460 reps/hr at Ef3 bours, it would be
about 190 repshr three hours later and 120 rers/hr six hours later.
One further possidbility 43 the accurmlstion of redioactive material
_ around the ankles and Jover legs resmlting from porzal walking ebout the
*lrn. This is discussed under Folicy III.
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Rats O Hman Zxoomures
, The work ef Nemriquesl suggests that at the 4 epth of 0,09 mm in
’“‘: 1iving porcine skin (maximum thickness of o pidermis) that *1400 £ 300
— rosntgen—equivalent-beta® (deliversd over short periods of time o that
they may be emmed to be instantaneous) is required to produce recognis-
able transeriderzal injury. 7The curve of biological damage rises rather
sherply so that at a dose of Just wnder 2000 yep (at 0.09 mm), ths epiderxis
sy be expected to exfoliste and in the majority of cases go on to develop
chroniec radistion dsrmatitis persisting for menths, ,
T The preceding discussion suggests that, using the gauma dose rates
Yisted in the eriteria under this Folicy, which are besed ca sn estimsted
;_H, | 10 rosntgen infinity ganma dose, as high as 2,000 reps might be delivered
to the basal layer of the spidarmis over a period of time ecversd ky the
. 1ifetine of the radicactive material.
¥ There have been instances vhare the ealculsted infinity gamma dose
( in sreas where personnal wers present sround the Fevada Proving Grounds
N hmnwhodlzobmentgmwtthcnh:nbmmm“suothh
burns in thess arsas. The pumber of persons involved in thess sreas of
highest contamination vas relatively sxall, perhaps a fev dozen, and with
ax observed durztion of fallout of about one bour it is possible that
} they were not in a position to receive the full fallout, Likevise, ximute
areas of the skin may have besn 80 affected yst not detected or reported.
In other areas encorpessing soms 2,000 people the infinity gexma ?osoﬂ vas
about eight roemtgens and no instances of beta injury appeared. Fl
1l gu.cit.
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The estinated vhole-body gamma doss to natives evacusted from the
island of Utirik following the Mareh 1, 195, detonxtion st the Pacific -
Proving Or ound was about 15 roeatgsns for a period of about three days,
but no beta burns appeared., It is falr to sssume here that direet contex~
Mimtookpluo&u-tothoirwdoofnvm including housing that was
quite open to eir currents. Oszza doze rats readings wsre teken over the
bodies of the natives at about E plus 78 bours both on the beach and after
boarding the ship. Omn the deach the personnel readings averaged about
20 xr/hr gazma (but this probably included some contribution from the
ground contanination), and after wading throngh the surf and bdosrding tﬁo
ship the levels averags' 7 »r/hr gm. t

The 12 natives on Sifo Island, A{linginse Atoll, received an estie
nated whole-body garme dose of 75 roentgens in about two and a quarter
days, Of these, 1, later axperienced slight beta burns, 2, moderate bwns,
and none showed epilation,

In the case of the Rongelap natives, the sestimated whole-body dose
was sbout 150 roentgens in about two deys. 411 &4 natives later exper-
fenced bets burns to soze degree frop zlight to severe and over half of
the natives showved epilation fronx nlight to severe,

The 16 natives froa Rongelap evacuated directly by alr to Ewajalein
had personns]l gamsa dose-rate levels gensrally £0 $o 100 mr/hr although
one vas as high as 240 =r/hr and one as low as 10 wr/hr (at ¥ plus about
55 tours), The recaining 48 natives evacuated by ship wers rerorted to
have personnel readings that Taveraged" & rr/kr before decontazination,

fll3
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The picture is further confused decause soms of the natives bad bathed and
scne had mot Lefors the arrival of the svasustion temn,

¥ost of the 22 U.S. Service psrsonnel staticned oa Enivetak Island,
Bongerik Atoll, received about {0-50 rosntgens, based en fila badge reade
ings, Three mezbers of the group vho were located for part of the tixe in
another section of the island wvere estimated to have received somevhat
higher doses, Ssveatean of the 28 persannsl shoved only slight super-
ficial lesions vith ons questionsdle case of epilation. It should be
pointed out that the persounel were &n metal buildings during some of the
fallout tize and for most of the time thereafter until evacustion., %This
reducodt.hodiru;toontmucnunnutho\dmh-bodygammo.
A £1l» badge henging an the center pole of a tent at one end of the Ssland
read 98 roentgens, Calculstions based on 30se rate readings st another
part of the island indicated somewhat lowsr doses, if persomnel had
mainodhthocpntorthopciodcftmfmtmm(mnplu
7.5 hours) to svacuation (utabontf!plmﬂ.hounf). Upon arrival st
X\rqalcin one personnal garza aoactn.to roadin;m a3 high as 250 xr/hr
at about E plns 35 howrs,
| The above édata do suggest that there rmay be possible & rough
bracketing of gamma-beta doses versus beta burns, On the one hand, the
natives from Uilirik received an estinated whole-body gazma dose of 15
roeatgens and shoved mo evidence of beta burns. On the otber hand, the
natives on 8ifo Island, Allinginas Atoll, received adbout an estixated
whole=body gazza dose of 75 roentgens with 14 personnel showing elight
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burns, 2, xodsrate burns, 2, no burns, 3 with moderste epilation, and 15
wvith no epilation, Ia addition, Mongelep natives received 150 roemtgens
whole-dody gezma dose, and about 90% showsd scms degres of lesions and $&%
_ some degres of epilation, - ‘ \

It 1s to be recalled thats (a) the natives jrobably wers out-of-
doors snd received the full fallout, (b) ths oily hair, sexi-naked per—
spiring bodies ineluding bare fest, and lack of bething for most would tend
to eollect and hold the fallout material, (¢) the tize of dslivery of essen-
tially all of the dosss was two to thres daya, Further, it may be specu-

~ lsted that the fallout on the more distant sland of Dtirik (ebout 300

statute miles) would eonsist of emaller particles and also perhaps lesser
possibility of overlapping of radistion flells fron thess particles. |

Sowe of the relevant data are sunmarised in table ITI. Dus to the
uncertainty of the degree of exposure of persommel on Rongerik to the direct
fallowt, this group is not included, It is to be immediately exphasised that
any comparisons made or {mplied in the tahle are at the most only sexi-
quantitstive, Tahle II will be referred to in Policlies III and IV but is
ineluded hers as a suxmary of the dsta discusszed above,

Baks On jAnirs) Expocyres
The data on snimal exposures are lsss firm than those for hunans,

Unzistaksble beta burns ecourred ¢n cattle &t Alamogordo in July 1945, on
cattle at the Fevada Proving Orounds in spring 1952, and on horses in
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spring 1953, {The skin daxege observed on sheep in the spring 1953 was mot
established to de beta burns,) HEowever, the exact positions of the aninals
in relation to known smounts ef fallout are act slsar.

B Pollowing the last detonation of the spring 1952 series at the Nevada
Proving Grounds, sbout oms half of & herd of 150 head of cattls were found
to heve ¢_vidence of beta burns. They were thought to have besn 15-20 miles
fron ground serv in Kewieh Valley to the northeast and to have been sxposed
to fallout from the last detonatiom, (14 KT on a 300 foot tower) Highest
dose rate readings taken along s dirt road rumning lengthvise through
this valley, integrated to 75-100 imfinity gamma doses,

During Upshat-¥nothole, 16 horses showved skin lesions over the back -
and eye daxage was noted in a fev, The dest evidancs indicsted that the
horses vere some £~10 miles to the east of groumd sero on 17 March 1954,
shere the fallout occcurred froa the first detonstion (16 KT on a 300 foot
tover), Radiation levels in this area ars pot known with eertainty but
the fallout occurred in a narrov band and vas carried by relstively high
velocity winds pe that it probadly fell om the horses at a tire less than
ene how. If so, probably more than ozne~helf of the infinity doss vas
delivered during the next day.

SQverstional Feasibility
Under ths eriteria recommended im Peligy II, thare would have been

two occasions in the past vhers personnsl wnldhmbomfequcstodto

\1 ;,;»‘ 4
* 4

-

N



CY

$a

remain {ndoors. Onos ves st Lincoln Mine folloving the seccad detonstion
af Upshot-Xnothole whers they wers so requested to rexain indoors for two
bhours and the other coceasion would have besn at Riverside Cabins (population
about 15) following the ninth detonation of the sane series, The dose rste
‘reading st Lincoln Mine vas 580 mr/br at EA2. Ia the case of Riverside
Cabins, Bovever, the radiological eonditions wers not ascertained matil
after the fallout had occurred, The maximm infinity gamza dose in the
latter case wvas 12-15 roentgens.

Persommel were requested to remain indoors (for about two bhours)
following the ninth detonation of Upshot-Xnothole. The highest dose rate
rudingmmlu'/hrd!plm;.shou:-. !hhhleuthanthceurmt‘
recoxuendstions,

—,.2‘9{‘39\



4

— "
—
¢

33



\~tryy
e A

L8LE 1L -
GAMMA DOSE RATES AY TIMES DXTORATION WEEK DECORTAMINAYION OF PERSON-
EEL SEOULD BE RECOMMERDED ed on Bitustion of Contaminstion Existing

over_Relstively Large Areas (one-half square fooi or more) of the Expoped

Zizme After Detonstion,
Seonteningiion Ogcurred

1 hour
2 bours
) B
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The sises of areas and distances from the surfaces wvere selected inde-
pendently of any ¢f the informmtion on the fallout ocm the natives discussed
Above and were estimates of areas of contemination and distances of memitor-
incthlxnppw-dtobonmubh estimates of these paransters. Ths &lose
agresnant between the gamma dose rxte ratios dased orn theoretical considera~
tions and those observed vwith the natives s circumstantial, PYor exampls,

& equally eontaminated area of three-inch radius would yield a theorstical
gexma dose ;x:')g"t;ms less than the selected arez of sim-inch radius,

In the ¢ase of the natives, howsvar, it is believed that they vere sewi-naked,
parcpi.rln:, and out-of-doors during the fallout 20 that it {s mot unreasonabls
to sxpect relatively large areas of the body o be contaninsted. In fact,
this was noted vhen they were monitored. By their acts of walking eround
during the period of fallout and s)eeping on mats that were heszvily contsxzin-
ated it would sesx possible that significant areas of the dodies of ths
Allinginse and Utirik natives sould be as heavily contaminated as vas the
ground, (It!a;umuwunlttbQNbvu% sufficient winds that might have

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

There is furtber unoertainty of uhd. is meant by the monitor's report
of "average" persomnel readings. The 4ose rate readings in ths hair sre known
to bave been significantly higher than the rest of the body in most eases.
It is unkmown how these readings wvere 'lnngnd'Q

Vhersas these dats certainly are not firm enough for one to place great
eonfidence in the precise quantities of the rsetios of 7/1 or B{IA ;.\hcy do
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radiation axposurs vhensver possible, bathing and a shange of elothing might
be suggested m-’ situstions where ths whole~body infinity gamma dose was
less than 10 roentgens and ghogld be recommendsd for areas vhere the exposure
hm.

Dats On Buzans
In table II it wvas suggested that the relative average guzma dose

rates from sn infinity contaminated fisld at three feet adove the ground
compared $0 that on the natives msasured by a survey meter held elozs to the

body wass ' ‘
% % 7/1 (Utirix Atoll)
ol ¥ 8/1 (Mitngtnas itol1)
53 =
% T 16/1 (Rongelap Atoll)

It 1s recognized thers are many uncertainties in estimating such a
relstionship by this means. Even if ons ascuses the doss rate readings wvere
taken sccurately the factors involved, especially in relsticn to the mmount
of material collected and retained on the body, ¢ertainly are not constant,
?hohigherutiodncugdsphtonxighthmbmmtoaphvnied
phenorencn vhere the quantity of materisl falling per unit area vas so
grest that it vas not retained so completely cn the body, Even if this
explanation is accepted, there still remain many questions,

Theoretical considerations indicste a gaxma dose rate retio st thres
foest above an infinitely contaninated field to that at four irches from an
equally contazinated field of six inch radius to be sbout "7!/}_:,\(5« Appendix D.)
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hﬂipm the obvious fallagy of accerting a 10-roentgen infinity doss based
on garza dose rstes messured on personnsl sutside the radiatiom field., Yor
exzxple, the natives frox Ailinginas showed persoznal doss rate readings
that would approximate nine roentgens (gamma) in 2} days and yet skin damage
7] oomdegrnmwid-nthuuntorﬂnfthomd. On the ether
hand, the natives from Utirik showed mo skin damage with an estimated 2.2
roentgens ir 2} days based on gaxma dose rates measured on persomnal, The
uncertainty of these data was discussed under Policy II, They do suggest,
Bovever, that if the contaxination of a relstively large area of the exposed
body preoduces less than cne fountgen infinite gexma dose as measured by .
survey mster held four inches from the surface thers 1s & large probability
that Deta burns will not result. (Ses also discussion under Poliey II.)

-

. -]

k’hmthaunidonnteu&dingisprodneedstugimhaightabonu
surface from a smaller area, the szount of contanination per wnit area is
grester (othear t&ctéra being equal). 'l'htufofo, it would seen desirahle
to reduce the recomnended dose rate lsvels vhen relatively small arsas are
1nm1;'td. It 1s recogznised that radiation from another nearby spot ay oon-
tribute to the survey mster reading vhen monitoring s small ares on personnel,
but this bhas 2ot been taken into ascount, first beocauss of the &iffisulty of
establishing a prior appraisal ef this variabls factor and, second, whatever
this coatribution may de it will nov beocome an adied safsty factor,

Of courss, the problex is still eoxplex becsuss when oonaidering

scaller and szeller areas the eventual end point iz 2 single partiele.
A oM
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An estizate of beta doses at the surfece of an imaginary sphere surrounding
s fallout particls $s given in Appendix I and an estimate of beta doses fron
a single particls required to produce recognizsbls erythezma is pressnted in
Appendix P, Caleoulations indicate that the specific activity of scze indivi-
dual perticles found fn fallout would be great enough to produce recognisable
erytheza if keld in eontact with the skin for less than one day, yst the gamm
Gose rats reading st 4 inches may be quite small. (See Appendix Q.)

Additicnal informstion on dozes fyom individual perticles has yreoently
been reported®, The perticles found in and around Eanford eonsisted prinei-
pally of thres radiolsctopes, Rul®3, mul06 and its daughter Kul®S, the data
@ caleulations in Appemdix H also strongly indicate that a single fallout
particls could produce a recognisable arythsma,

Contapination of Clothing

In the case of contanination of elothing, higher -dosomughtbo
tolerated than those for exposed parts of the boldy. This was exemplified
in the natives vhere no beta burns were observed under elsthing of ths most
kighly eontaxinated personnel. (This does mot include such arsas as wnder
the wvaist line vhere material apparently ecollected and vas held inm place.)
On the othsr hand, very large increases in oontarinstion should mot be tol-
erated since it 15 possible for the elothing {0 be remrranged so as to bring
the comtaninated surfase fn sontact vith the skin, Purther, it ia mot
unlikely that one msy rub his hends over his elothing and them through the

4t mrRral
hair vhers &% ocould de held in place for relatively long periods of tirxs.
*H=-33068. A status report. Sept. 15, 1954. ST
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A further oconsideration is the deta dose to the hands resulting fron
handling objects contaminsted with fallout material. Although sone data sre
availeble ea beta burns fror handling radicactive objects, tho conditions
are so different from thoss assoclated with fallout that aoiparbcma Proba-
bly would not be valid,®

If the zbove assurptions snd ealculations are eorreet eonterning con-
taninstion of a general area from fallout, then the transfer of all the
radiocactive material to the hands froz an odbject of egual area would not
constitute a bazard, Thus, one might consider ueing ss eriteria for mon-
itoring objects, the dose readings given sbove for monitoring persomnel
outside the general radiation fileld.

No ¥ Bowvever, the problex is more complex since ths hands may come imtc
contact with contaxinsted surfaces many timss larger in area than the
hands, vith en undstermined parcentage of activity being transferred to
the hands, 701’ course, an added unocertainty is ths frequency of washing of
the hands and/or the rubbing off of the material frow the hands,

Further, one might speculate that a given surface eould have signifi-
cantly higher eontarinstion than the general ares and that the handling of
such & surface oould eonstitute a grester risk, This might be true because
of the grester smount of activity transferred to the hands or because of
the doses delivered during the time of actually handling the object, The
uncertainty of the percentage of transfer of material bas bsen menticned,
One uncertainty in the second case 13 the length of tire the object would

R
be handled, f’a_wu
S%Beta Ray Burns of Huzan Skin", Kn-owliton, et al. Jhe Jowrnsl of the
rerican Medi 30¢C on, V, 142, Fo. 4. Sept. 24, 194%.
oo~ —
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Based on ealoulations in Appendices 3 and D, vhen m object is held
in a hand, & rough estizate of the ratio of doss rates ef bdeta to the basal
layer of the spidermis to that of the gavma realing on & survey meter held
four inches sway from an objeot two inches in radius (ocutside a general
rediation field) is 2600-5200 t0 1. (Appendix I) Thus, i€ this object wers
eontaxinated with the seme activity per unit ares that would produce a
10-rosutgen whole=body gamma dose from general contaminstion of the area,
it would produsce about 77 xr/hr gaxma at four inches avay at Bfl hours,
and abott 200400 reps/bour at & depth of 7 ag/en’.® Since the palms of
the hands have sn approximate splderzal layer of sbout 40 ng/ez® the beta
dose to the basal laysr would be about 135-270 reps/bour. (Ths time of h
EAL vas selected to shov about the highest magnitude of dose rates,) If
one assumes that the decsy ls acoording to t 1°2
doss to the bascal laysr of the epidermis in the next 10 hours would be
about 250500 reps. N

Vhereas the above estimates do not indicate an alarming situation, a
more sericus problex may ecme when the contamination is ju-t less than that
vhere svacustion is indiested. For example, the contarinstion of the general
ares nxy bde five or six times that used ss an {llustration in the preceding
psragrarh, without svacuation being recomnmended. Thus, beta dose rates
from handling objects, sspecially ia times soon after fallout, may be high
snough to be & problea, lsinplolﬁdaxpodimtmeedmtcuanuthh
factor 1s frequent washing of the hands after handling objects that were in

, then the total beta

®*Tnese pumbers egree fairly well with the computations in "Beta-contact
Hazards Assoclated with Gamms~radistion leasurerents of ¥ixed Fission
Froducts®, Teresi, J.D., USKRDL-383 {CONPIDENTIAL)

unch



It wvas suggested in Policy II thet normal closed-4ype foctwear (as
sompared to such as open sandals) would jrobably afford adsquste jrotection
' against significast bete doses to the feet from fallout materiel oo the ground,
>' There 1s still the added problen f the material be souffed wp snd eling to
Lthe ankles and lover legs. If there vers no intervening elothing, or
parhaps even with thin stookings or socks, this might result in significant
blological beta doses being delivered to these parts. JFor exsmxple, if the

we

gexxza dose rate reading st EA3 hours vere something less than roentgens

:< ‘ per hour, evacustion would not de indicsted. However, for fallout material
; of the same ooncentrstion im contact with the skin the deta dose rate at
— 7 mg/ex® would be adout 600 reps/hour. (Ses Appendix B,) Presumably, per-

sonnel would be kept indoors for a few hours il upon relsase the approximste
e beta dose rates at 7 mg/ex? would be 260 m/hr three hours lster or 210 wé/hr
six bowrs later. In additicn, thers is the varisble factor of wvhet oonosn-
wmu’%&muwmnmom.namwmmm
an area. |

A oconcentration of fallout material on the ground that would result
in about 20 roentgens maximuz theoretical infinity gaxwze dose, if in c_ontast
vith the skin wuld result in a beta dose rets to the basal layer of the skin
of about 1// ¥EERE thase indicated in the previous paregraph,

¢ .
i \
' ) N
. Wl
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beld unt he L E ed
hen werned vith oW vents ed and the cars
d be mon through the eon ed Whem
es3 than 10 t ean unt
icted scross & highwa hicles shoul warned coed with
yindows and air vents ¢losed and ehould be monitored after passing through
he axinsted nd a 4 be un

there {s reasonable belief that no or very few additional vehicles will
exceed tbe walues given in table IV,e.
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WML IV.a,

Gamaa Tose Fates at Times After Detonation Then Decontarination
ef Kotor Venicles Should Le Fecomzended

Tine After Detonation Garma Dosc Pates At Time of
of Yonitoring ¥oni toring
~(mr/hry
1 howr 1000
2 hours 500
3 - 333
b | s
5 o - 200
6 167
8« 125
10 * 100
12 . — 83
2 = W



Bonitoring and Decontamination af Kotor Vehicles

- -3

POLICY IV

PISCUSSION

In the past, fallout has ocourred across tigiways in significant quantities,

( Tabls IV,b, balow indicates some pertineat data dnri.-u; Dpshot-Enothole.
TATLY IV, b,
Estimated
Dose Rate
Reading of Approxirsts
Shot Approx- ‘ Highway at Tistance
Number {nate Time of Time of from
) {C rono~ Yield Fallouvt Fallout Cround Zero
) logical) (K7) Tower {iirs) {rr/hr) location (:1les)
1 17 300! 1} 920 ° 30 miles south of &
.. Alaro o2 Byw, £93
.
1 17 » 2 3/ 260 1 mile norta of 130
3t., Ceorge,!tah
— é - 28 ] 5 329 Junctioa of U.S.
) H'-‘o 991 ‘.’ﬂ 50
Kevada Hyw.FLO
) 7 1 » L} 740 2C ailes northw,
Clendale,Rev.on
How, £93
7 [ . 7 Loo 8 miles west of 105
Hyw,#9l
9 32 " 2 1000 36 xiles rorth &0
: Clendale on
t Hyw. £93
9 32 . 33/ k20 5t, George,Utah 130
- Hyw, #91
~ iy
PRI
Ut/HE



Road blocks were establiched on Fighways 93 and 91 following shots
nueber seven &nd pine of vpt:o‘b-:mthbh. T™he highest reading on a private
sutomobile was 100 mr/hr (gazmma) inside and 110 mr/ir outside at H plus 33
hours, About 75 cars were washad {rovghly 1/2 of the total monitored).

A1l of the ears that were wasied except the one mentioned &ove, had ouvtaide
dose rate readings lezs than half of the hig-est, The reatio of dose rate
readings on the outside of the oar to inside varied from uniiy to atout /1,
Probatly ons of the important factiors here is the difference between driving
with windows axi/or ventilators opened or elosed, 0One bus read 250 mr/hr
outside and average of 100 mr/hr $nside with & high inside rsading ever the
rear seat of 1LO xr/nr at ® plus 8 ¥/l hours,

Considering the amount of time one normally spends i: an autopolt:ile,
these dose rates do 1ot necessarily represest a health hazard in terms of
ga=a doses, What is proably & more limiting factor is the direct contam-
ioation one might acquire by rutbing agaiast the cutside of the car, especially
®hen ehanging & tire,

It is umed that monitoring will be acoomplished outside a genersl
radiation field, Theoreticel ealoulations (Appendix D) indicate that garma
dose rate readings taken at four inches froa & surface will te 51%, L27, and
278 of those by & meter at thres foet Azove An equally contamimmted infimite
field when the redii of contamination are respectively 3 feet, 2 feet, axd
1 foot.

"hese data surrest that wien t.e gaxma dose rate readisg at four
incres froz & ge eralls contaninated car is a*out one half t.at for an

infinite pla-e taken at three feet, t.e degree of coutaminstio: per umit

/|0 gzl
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area will be about equal; and when the wheels are teing monitored ﬁs to /U
of & gama dose rate readiag will represent equivalent contamination,( dipiac. ¢ 1w ™
- g9 mn tintfrbudiom from tae bady of Fne tonhn}f\oju/ vehiL ). '
2t Another factor to te eonzidered is that the prouability of collecting
‘ fallout material oa the body from & generally contaxinated area in which
) ; one lives is greater than from one's sutomobils, On tie ether hand, it has
teen noted in the past that gignificantly higher amounts of costamination
have heen found on the tires and under partis of fenders than on the remain-der
of the car, (Undouhtedly, thie is & simple phenomenon of plcking up the
activity from the hig'way,) If one were to chaige & heavily costaminated
C tire, sigrificact amounts of radioactive material right accurmlate on th_q
hands, and laler be transferred to t’no. hair or eyes ty & sirple rvting of )
— the hands over those parts,
A compariso:. mig-t e made here reiwesn recommended maximm dose rates
— found on perso.nel and the estahlishing of levels of activity for automotiles,
- There is ons oi'vious difference, however; 4in the firat cass
C t.e saterial is already on the person while in the second caszs one has to
| introduce the factor of probability of transfer ¢f contamination (and to
w.at degree) from the car to the Lody.
The dose rates (measurod as stated) in ta_le IV would represent a.out
equal contanination per unit area for a car as for an infinite plane if the

car were rather uniformly ocontamiaated, If the activity were confined say

s 9 o

I t‘(" !

principally to the tires and under parts of the ferders, the dose rate readings
- might represent nearly twice the degree of contamination, One must weigh

this condition with the pro'a ility t.at a tire will te c.a:ced *efore the
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activity bas decressed significantly,

A given dose rate reading inside a vehicle may represent less contamin-
ation per wnit ares dus to the contribution of gumma radiction from the
sxtarior of the vehicls, On the other hand, eontsaination vithin a vehiels
would more probably be picked up by persomnel than if it wvere en the outsids,
Farther, it is reocogniszed that significantly high concentrations of radio-
active fallout may accurulate im such parts as the air filters of an
autcmobile, Again, this bas t0 be weighted against the probability that
they will be handled before the activity has decreased to lov levels plus
the fact that it 1s relatively difficult to monitor such parts on a m;
besis. The uncertalntiss present in estimating possiblahesards from vehicle
sontaminstion would not justify fine dlstinctions inm monitoring the various
parts. A thorough eleaning, inside and suteide, would appear to be the
best solutioa, -

One of the obvious wvays to avoid much of the problea discussed in
Policy IV {a to prevent vehicles entering an area during the time of fallout,
This vill not prevent the first vehicles peasing through from pleking up
activity on the tires from the highway. It {s balieved, however, this will
not eonstitute sush a troublesoms problem and pest experience bas indicated
that the activity found on the tires noticeably decreaseld after several cars

‘hudpau-dmrthoughuy Im'thu', !Iv.biclumutwmthm

£allout {t vm hclp reduce contamination of the passengsrs and of the
insides of the wvehicles,

Lo

Sz, o v9



In the past, the criteria used for vashing cars bas Deen 7 mr/hr, snd
ot & leter time 20 mr/hr (gazna), inside a vehicls, rhunmimumhm
about 75 cars {roughly 1/8 of the total monitored) following the seventh and
ainth detonations of Upshot-Knothole. Under the recoxmndations given in
Policy IV, the bus mentioned above, But probably nons of the ears, would have
been wvashed.

The dxta given in table IV.b, indicate that if these radistion levels
given bhad besn predicted bafore the fallout, Highuays #91 and 93 would have
been closed prior to the fallout from tie seventh detonation and possibly
highway F93 for the ninmth detonation.

—AF —3/ )



MEAD

data, hovevar, 1t 1s not expected that umder those eonditions of fallout
vhere the radiation levels are belov those stipulsted for possible evas-
vation, that the dagres of contaminstion wvill be & health hasard.

(Bor

is it irplied hare that any level above this fogz constitute a serious

contazination of vater, air, or foodstuffs.) TYherefore, it is recorrmended

S 0000000820000 sns

PISCUSSION

dekex

Tadle VI.a, lists the six loeations baving the highest eoncentra-

tions of fission products in water ssuress during Turbler-Snapper, st
Cxtevnal

for comparstive purposes the estimated /\thoordti.ca.l paxioum gamra infinity

doses.



EXf vl |
Congcentration(aierocuries 'l‘hoo;vti,ul Max{mix
per milliliter extrapolat= Whole-boldy Gazma
od to 3 days after detone~ Infinity Dose

SR 71TV S 13 ; 3iop) (roontzens)
Virgin River Irrigation Canal, Bev 8.7 x 1073 6.

Irrigation Diteh, 56 mi.no. of Piochs,Kev 4.5 x 105 0.15

Lover Pahranagst lLaks, Bev 3.2 x 06 -

Virgin River at Mesquite, Nev 2.6 x 1076 2.5

Bunkerville, ¥ev (tap water) | 1.2 x 30-6 7.0

Crystal Springs, Bev (tap wvater) | . 1.1 x 1076 0.15 -

Dus to wvegther and to asttenustion of the gamma rays by bulldings, the
vhole-body gaama dose estizated to have been actually delivered was probadly
eloser to one-half of the valuss shown,

The maxiza permissible concentration of fission products in drinking
vater 1s § x 2073 po/ul extrapolated to three days after detonation, This is
considered a safe oonoentrstion for continucus consumption.

Whereas, the monitoring of vater sources is of value for docusentary
purposes it should be recognised that the concentrations found may vary
videly within sasll geographiesl aress and even at the same losation &t
different tines (taking into ascount radicactive decsy). Thus, eonfidence
eannot be placed in precise values, Table VI.s. suggests that even if one
were to have stored up the vater listed at Virgin River Irrigation Canal
and gubaisted entirely on this for a lifetinme, the concentration would be

[\ [
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about 58 times less than the mexizum permissible smount. Normal factors of
dilution by additional reinfall and/or Yy the influx ef lssser ecztaminated
ground vater wm:zfééc‘{;ﬁl?m of activity. '
Y

Considsrable effort has and 1s being made to evaluste hazards from
airborne radicactive materials, inecluding fission products, Thers are esr—
tainly many unanswered problsms inoluding the possible hasard from a single
particls in ths lungs., Despite the uncertainties and as yet incomplete
analysis of the inkhaletion hasard, the prepondsrance of evidence today is N
that the external gamma hasard fron fallowt is the more 1limiting factor of
the two®, (Eowever, see discussion on food contanminstion,)

During Upshot-Knothols quite complete dzta were ¢ollected of concen-
trations of airborne astivity on about 150 occasions in some {0 éifferemt
Jocalities within 200 niles of the Bevada Proving Grounds, These inaluded

monitoring ef all detonations, HNistograms were made of alr eoncentrations |

msmtmmcrmtmtormocmlonsmdcstm“mowtof
doses to the lungs., These data for the five sommnmities ahowing the highest
alr concentration are given in Table ¥YI.b, The histogram for St. Georgs (the
mfumwmmmurm ever neasured {n a populated
area) is reproduced in Appendix J.

®42 Hoe Committes Meeting, Washington, D.C, Junuary 20, 1954,
ay ™
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8%, George, Btah 1.29 30 /15 3.5
lincoln X¥ine, Nev 4.0 x 2071 12 1.5
Mesquite, Nev 1.7 x 1072 13 1.0
Groom Mins, Bev 3.4 x 2072 7 0.35
Piochs, Nev 2.0 x 02 3 0.015

#Ths method used in estimating doses to the lugs is given in Appendix K, Ons
assurption made was uniforz distributiom of radistion which, of ocourss, is not
entirely acouxrals.

The eriteria previcusly established by an Ad Foc Jangle Peasibility
Cozmittes (Washington, D.C., July 13, 1951), for air concentrations vas
"At a point of human hadbitstion, the activity of radiosctive
~ particles in the atmosphere, xveraged over a period of 24 hours,
- shall be limited to 100 microcuries per cubic meter of air
{eorresponding approxinately to & ground level gemma intensity
of 30 xr/hr),
"The 2[~hour average readiocactivity per cubic meter of air, due
to suspended particles having diansters in the rangs O micron
to 5.0 microns, shall not excesd 1/100 of the above; mor is it
desirable that any individual particle in thiz size range have
an sctivity greater than 10=2 microcuriea ealeulated 4 bours
~ after ths blast,” . :
. In the January 20, 195 mesting of the Ad Koc Committes the basis
for reconmending the above air concentratiom wvas discussed. ZEseentially,
these criteria were selected by estinmating the gaxra dose that xight be

delivered by the pasging of a radiocactive cloud. Since thers &re better

ety gD
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methods of estimating goma doses sinoce there are wnoesrtainties in
ovaluating the hasards of sach transitory sir concentrations as eaparisnesd
from fallout, and sines the preponderence of evidence from past nmolear test
serias indicates that the external genma hasard is more limiting than ths
tnhalstion ons, 1t vas reccmmanded in the Jesuary 20, 195 meeting o
strike from the record the past resormendstions for maximun perxissible
alr eoncentrstions., It wvas recozasnded that an air monitoring prograsx de
eontinued for docunentary purposes and for whatever valus the data might
have in ths future when nev analyses might be made in the light of addi-
tional knowledge, ’ , _
qurtbcruawsinﬁ of ﬁn sing’h particle ﬁoblnmb,om.
nmmammm-...muummuamwm
dusl particle in this sise range have activity greater than 1072 microcuries
oalculated four hours after the blast® a ocomputation vas made that the aver—
age radlation doss fron such & particle to a sphers one-half a millimeter
in radius wuld be 385 reps.* Nowever, the eonclusions may be misleading.

—Znthowtetldnghp-rtich, relatively large doses are dealivered

nsar the particle and snall doses at a grester distance. Appendix L euggests
one possible estinste of this phenomenca, The paramsters involved here are
many snd diffieult to svaluate., PFor exmapls, bov long will a particls rexain
in one place in the lung and what dose vill e delivered during that time?
It kas bean :ugguttd"tm choippcr respiretory passags 20-micron
disceter particle: are the upper limit of siszs for deposition and that *Cilia

®imtes, Mesting of Comrittee to Consider the Feasibility and Conditions For
& Preliminary Radiologic Safety Shot for J e, L.A,S.L, MNay 21 snd 22, 1951,

®%5U-33068, 4 status report. Sept. 15, 1954. (COXPIDENTIAL).
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sweep L to 6 cycles per second, The probability of & particls remaining
vithin ons millimeter sone for as much as one-half bour appsars $o de
vanishing swmall, ,.. Protection will also be [rovided by the mucus
lining which 1s itself renewed several times an hour.® Ascepting the

~mmt.smmmmhoa’.mmrmuwmxndr, it may be

IR R%E!

4

ocorputed that adout 38 reps wuld de delivered to the surface of san imagine
ary stationary sphere one millimeter in radius by a 20 micron particls (2 0.3

in 3% miny +QJ-(AP,”'\J;X [_)
xicrocuries) A Larger doses will be delivered closer to the particls bLut
with the relatively rapid movement of the particlse, it does mot appesar
that large doses will be deliversd to a great purder of cslls, Multiple
exposures might ocour from additional particles but again this risk is

diffieult to evaluzte,

Ieod
Cansiderable effort is being directed towvard the study of econtam-
instion of food from fallout. (ne slement of major oconsern is &0, It
has been estixzated that if ons were to subsist entirely on food grown frea
soils containing .bom:\::fu’:igwgn per square foot of Sr7°, (1,000 pounds
of calciun per acre), that over a period of years thers would acourmlste in

the hunan akeleton a body durden of one microcuric of &'90'. Soils taken

fro= )
about : ﬂaamwolmmm,mohovamtmun
of miorocuries par square foot,

®irivate comrnnication, L. A, Dean, U, S. Departasnt of Agriculture,
Beltsville, Maryland, April 23, 1954.




) (A1though not of direct soncern to the Nevada Proving Orounds, it is
of iztarest to note thst seils vere sollected from ths Marshall Islends

#- folloving the fallout in early Earck 195{, Appendix & summarises these
N~ A recent report® strongly suggests that eontaninatfon of leaf

surfaces followed by either direct consumption or intake Yy way of milk
{3 fer more sn important pathwvey of intake than by the soll-plant-snimal
gyels, st least for those times of year wben plants may be in a state of
grovth to eollect the fallout, Murther andysis is being planned,

This sans report® n.hia & nev problem, Based on stated assunptions,
the data presented indicates that doses to the thyroid from fodine rediom

: {soctopes may be & grester hasard than 3r . Further, the report suggests

hat | oAk 4 R DL Yaar yhen Apkpke ol Pallant-EKatartel Ry oo By
— Wﬂn dose Lo the thyroid (delivered In a fev weeks) may
~ be many times grecter than the theoretical maximun external dose, Additional
A eovaluztion will bs given this preblem,

R®Rerort on Gabriel, USAEC, Division of Biology &nd Medicine, Washington,
D.C, July 1954 (SICRET)
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If integrations of 4ose rate resdings are used ia estizating the effeo-
tive dMalogisal domsss, thea tabls V may be weed.

TARIE ¥V
Mltiplicaticn LrLfective.
Iactar

Maximmm theoretisal radistion
dose from time of fallout to  7/3
1S days later.

Maximn theoretieal radiation
doss froa 15th day to ome
yosarx,

sooount of the rediation dose recsived, than the yalues recordsd on the film
badge may be acospted with 8 ecrrectios fastor of 3/4 to socount for the
differsnce betveen the dose recsived by the film bedges or dosimsters
{including backscatter) and that received at a tissue depth of five
osntinetars.
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1953 the followirng recommerdation was made,

*It is recomended, and found to be in conformity witn the present
principles of determining perwissi:ls exposure lirits, that for test
operation persormel the total lody gamma exposure ‘e limited to 3,9r in

7 trirteen weeks, and thatl tee sane figure ve aprlied to the off-site com-
menities wit: tre furt er qualification o t.e¢ latter case that tv.is is
the total figure for t.e year, In genersl, t:is implies A single test
sories ian any given year,®

0On the tasls of t is recoxme dation ad t.e reasoning discussed under
Policy I, the eriteria for estimating t:.e w.ole .ody gazmx sffective tiologlcal
dose are surmarigsed in Ta'le V, Xt will te moted tiat t-e iiological factor

included under Policy I s amitted in Policy V. In the first case we are

doaling with relatively “ig- doses that may require erergency measures wit,

tieir atterdant hazards, It is 8 situation where one wishes to esiinate all
pertinent factors in evaluating radietio: doses evon thour: t .e: may not be
known wit. preclsencss, ‘efore recomending &s emergsic; action that may
produce greater pro’less, In the case of Poliey ¥ ane 1s conccrned wit:
relatively lower doses during rontine operatio-s, . It would e diffiorl: to
Justify on te one haod t-e proyos’ tion that weekly doses for ge:eral popula-
tions may te {ntegreied a:d takes in & single exposure without pe:alty sud on
qe oti.er hand that a given dose recelved over a period of & year may be adnin-
istpacively reduced becanse of tiological repair, %.erefore, the :4oloical
factor 4s thtcd. .
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The generul offects of deckecattering on msasured redistion doses are
fairly vell establighed., Furtber, knovledge of depth (tissue)-doss eurves has
slvanced to a quantitative state.® Thus, thars seems to be littls doubt that
¢~ﬂhhdp&hdummammunmnmuhpn
radistion doss delivered at a dapih of five contimeters (asmmed dspth of
blood forming organs). A mejor fastor in determining this difference is the
quality of radiation wder considerstion. Ome reporti®® dealing explicitly
with redistion in s fallout fisld suggests a faster of about 3/4.

Fational
Jamuary 1954.




-

Assuns

Then:

Assune?

EAFLE I

Tixs of fallout = E43 hrs
Doss rate gt BY3 = 857 xr/hr

Theoretical maximur dose fron time of
fallout to thres hours later

Sarings by recaining indoors for
three bhours

One year effactive biological dose if
personnal 4id rexain indoors during
the three hours (based on saze asaunp-
tions coatained in section on evacus=
tion)

Fer cent of one year effective bdiolog-

icel dose saved by remaining indoors
for the three hours

EXAMPLE IT

Tirs of fallout = HE3 hrs
Doze rate at B43 3 667 mr/hr

Theorstical mexirua dose froz tize of
fallout to eight hours later

S8avings by remalning indoors for eight
houra

One year effective blologiscal dose if
persomnel 4id pot remain indoors

~ during the eight hours (based oun sams

assuptions eonteined in sectlon on
evacuation) -

Fer ocent of one year effective blolog-
ical dose zaved by remaining indoors
for the eight howrs

i.Xr

0.65 r

/‘-’500 r

~13%

2. »r

1.15r

~5.07

~23%
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arrriony &

CALCTLATIONS

Of Beta Toss Rate at Popth of Sewen Rilligrams per

- | §quan Centimcter me a Thim Jourts,

}

Assumes 1,5 ¥Yev “eta (wn energ; = 0,5 Mev)

= 10 ex?/gm
(T4s assunes & singls mans a-sorption coefficlent,)

X= % o=
were; Bo = numer of letas at surface per cm? per sec,
Ec e « %  » deptnx
J S mas3 a'gorption coefficient
x = distasce (depth) under gonsideration
dﬁ - ‘ - | "~
& > Bo o)X
R = pkoe XF
2

w ¢res R = dose rate at depl. X
¥ = mean eacrgy of "etas |

5 = (10)o 3%(1"’("'007 M0u5) = 2,33 Bo ev/gamsecs

Bo =37 x1) w.erer C = activity in micerocuries per c"2
R = 8,65 x 1040 Yev/pr-sec. i
E= (1,39 x wl)(c)erga/gm—m
- s.h c l'cpl//n
or & 5.0¢C reds/ |

£ le
Lzoxey C = 80 pe/en? (ceta)
P;-S.hc wheres R-downuatdepth 7ng/ca21:1rep-
, c = sctivity/cn? m,:
- gf)(&g}h
= r
or = L00 rrz’!n/ur

Corparis>n eta Tosc Rate (Peps/-r) at 7 ¥r/cx?

Ca-ra Tose Rate Keawured in Infirite Fiel d a 'Z ‘Tee

Fthove%e uurface‘”*“”“”" T T
Al {!\1 -

Asmuner 80 pe/en? (eta), equivalent to
1 zegacurie/mi? (garms)

L32
= 100



- The folloving data are abstructed frox experixertal results, vherein

b u%?n»mﬁmpmw»&kbzatutnpcperm;mluﬁonof
phosphetes, allowing it to 4ry, and then measuring surface doss rates
vith & surfece foniszstiom chaxzber,®

Thickness of source 9.6 rg/ex?
pu— . Activity of source | | 77.0 /,,_-,/wz
' © Surface dose rate < 0.127 rep/sec
T ) 457 reps/nr
. Dosage rate at depth of x centimsters p~7.5x
— h. Jheoreticelly
Uzine the equetion frox Appepdix B

: R =,&E;-Eﬂ (for P32)

Subst {tuting above azm
ht & 2 0.
n-9.sm29 5)( m).bg

2 7.0 C repa/hr
Let C % 77 po/e?

Then B ® 77
‘n'?;?xnpa/hrd'lhg/cmz (P32)

®Lffect: of Fxternal Rets Redisbion, Zirkle, Raywond E. FoGraw-iill Book
Coxpany. 1951.

g = &



B. mmm.:
R = 457 ¢~19+5)(0.007)
= 427 reps/hr st 7 mg/ex? (P2)
The two adove approaches ars vithin 26f of each other. If ome extrapo-

lates the experimental data from a source of 9.6 zg/ox? o a thin source
(for eomparative purposes) the two methods are within 20%.



D
APPETIX &

CALCULATIONS (antt o
Oacms Dose Rate from & Field Six Inches in Radius and Chamber

Your inc.es A ove Surface Al

- | Dose rate of garms froz & point source ‘i\ '
) —x N

r £ 60 wheres r s r/hr (S —

C = activity in curles per square foot
? = aversge enorgy of gacmas (¥ev)
D - &F 2 i W
- [ ] bux!
Fxaxples
Lets x a 1/2 foet

— -~ €= ko pe/om? or 3.6 x 1072 e/rt? (go=ma)

F = 0,7 Hev

h = 1/3 foot 2 2)2

L = (1%,8)(3.¢6 x 10-2)(C,7) 1n K%L

= 0,56 r/hr
i , .
. Comparison Gazxa Dose Pates From Infinite Plane at . Yelgnt of Three Fect
~ - A ove tze Orownd to Arss of Six Inc: Racius a:ud Heig-t of Four Inches,
Assume: 1 megacurie/miled
(306 X 10"2 Q/M)
&1 r%r = 1)
0,56 r/ur
ﬁ‘:: :.:i S ) B . h .
Eac |0 [m
eif Tt -
TP 7= 3



Assuzet a, Polint source
b. 0.5 u« cm'm beta enargy
a. "Rate of doég follows §~1.2

The dosze dclivcrod at the surfacs of an irsginary sphere at distance
R froz a point source,*

(1) r(n)z%.-;m m

vhare: !(R) ® dose delivered at the surface of an -
: {maginary sphere at distance F
~— = ::tvtugccncrgyofbotcyu'ticlu -
' = totel murxber of disintegrations
Substituting e %0;:243- /& ® mass absorption ecsfficient
— = ,
Then: (2) K(R) = 0.397 1;10”
gr=disintegretion

2L
(3.a.) X(R) =255 x 10 .5__ alllireps
Dlsintegreation

or

6.35 »
(3.b.) E() = w220 7T poumate
disintegration

j Equation (3.s.) is plotted on the attached graph.
f
: FCR FISSICN PRODUCTS,

B3 (5) &% xe,? ‘

vherer 4, = disintegrations per unit time st time "a¥ after detonati
4y = disintegrations per unit tice at one unit of tire after
8

}

|

®fossi, L.H. end E11is, R}, *Distributed Beta Sources in Uniformly Absorbing
Vedia" JKuclepnicz July 1950, V. 7, Ko. 1

44
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Integrating equation (2),
(6.0.) €254 (8,02 = 4)0.2)
and —
(6.) €= 508 "'2“ 02, 0:2)
' ‘where: ¢® ® total nuaber of disintegrations rm tins "a* to ®*
ty ® tive after detonation
‘b ® Jater tire after detcnation.

(7) Coc = 5Act

_ By the use of equations 3.a. or 3.b. and 6.b, ons may oorpute an
estinated dose &t the surface of an imaginary sphers,

Of ocurse, the problem is the deterxination of "t " and " 1.0,
bov long after detonstion will a radioactive particle appear in the lungs
and hov long will the particle remain in place. The first time (t.) is much
easier to estimate than the later (ty).

(See text page I3 )

Lp“'““»-tgj—" 7 (0()
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AT on the {ffin.
P at )5
(Lessible Froduction of fecognizable Ervihens )

Lets t, = 3 hours (tirme partlcle is deposited on skin)
tp ® 27 hours (tire pertisle i{s resoved)

Assumes 200{reps = total dose required in one day to produce recognisadls erythema

0.1 e = radius of imaginary sphere within vhich cells must receive
2000 reps or larger,

Jccording to Appendix K, 2.5 x 107 repc/disintegretion is deliversd
to surface of imasginary sphers 0.1 centimeter in radius

g,gs ‘; m-ﬁ = 8 x 109 disintegrations required
) C ®agt, B0 - 0T
8x10° =51 31.250.2070.7 . |
A 21,55 x 209 4/hr op ebout
12.0/:0 at B 3 hours

Of course, the radius of the Iimaginary sphere selected vill naterially _

affect the ealculations, For example, a radius of 0.2’ ek vould require &
particle of sbout 120 rierocuries at Ef3 hours to give the same dose,

A

. ! .
4
g

Y q



b

Assures a., Assune gamrza energy is approximated by comparison with radium,
be A particle of 150 zmicrocusries of beta activity or 75 micro=
curies of gamra sctivity, (Cee Appendix H,) ,

s 21‘-4" ' )
d wheret I » gamma dose rate (r/hr)
d = centimeters

Lets g ® 7,5 x 102
d=s10 om

,-_-Lmu.;zﬁ_z_mﬂ.

= 0.063 or/hr gamma doce rate at four inches

i - e c\:‘.‘iﬂ



APFEFDIX B

n Caleulatl S T enium
{ Fallout .ateria) .

A, Corparison of beta energlies fron mul%3 ang mlO6 mixture to that from
fissfon products,

103
0.3 Yov beta (T = {24
?’m}ﬂ% ~0.03 Hev beta (T 3 1.030

R 3,55 Mev beta (T = 30 s,
assuzer  Auif2/mul®® ratis of 0.75%

To estimate nean aversge energy of betas from mixture:

Iarta, Zsotove | Maxirun Fnersy Beta

1.0 Rniooz 0.3
1.33 0.03 .
1.33 2:136 3.58

g_._&:l.l.

Aversge energy ~ 0.5 or roughly ecuivalent to that assured for fission products,

(Of course, the sverage emergy of the betas is not the sole considerstion,

“hereas the average raximm energy of bdeta from fissiom products is assumed
to be stout 1.5 Mev, the more ensrgetic 3,55 Mev betas from Ru1O8 w111 give
highay doses at greater depths,) '

%111 of the data contained hersin on rhethenium is contalned int H¥=33068s
A status report. Sept. 15, 1954.
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B. Data oa doses and effects from single particles of R0 and Ru106

A )}
1. Sige of particles LDID 120/11
Aotivity of particlet 1.1 ’. 11
Dose rate to 7 zg/e:zl ' 8,600 rads/hr 27,500 rads/he

Time dose delivered: ~6 days ~% daye

2. 3 | -———mm—————-
(n:rada?hr)' . - (rads)® ‘
400

~500,000  None visible
759 ~*300,000 Reddening
2,500 ~2,000,000 Desquanation
11,000 ~6,000,000 Tissue Destructioa
21,000 ~7,000,000 Tissue Destruction—
2 Cm across
8 mm deep

c. %0 % 8.3 po estimsted sctivity of particle producing reddening
9 sffect in about 1{{ hours. Ths estizmated szise 1s 100 microns,

D. (8.3)(144) = 1200 J. total astivity accounted for in the 144 hours
, that the dose was delivered., (lssuming constand
activity during the 144 hours)

to the hot spot directly below the particls, and is
valid only as to order of magnitude.®



E. What specific actiﬁt.y of & particle of fallout would be required to
deliver the same dose in the same length of tirze?

The ansver to this queation depends upon the time after detonatiom
that the particle comss in contact with the skinm, Assuning this tine
to be Ii£3 hours, thospusno‘ctmtywuuhmtobomm)n
for the same sise particle.

Since the partiale may be washed off before six days have expired,
one zay consider the problem another vay, What must be the specifis
activity of a partiale et Ef3 hours to deliver this dose in the next
24 hours? ; N .

locording to Strandquist (p. _8), only sbout 708 of & six day dose
nesd be delivered in ons day %o produse the sens effect (erythema).
Sccepting this, then a particle uith sdout the sane activity (160 ne)
at H£ 3 bours would be sufficient to deliver an erythema dose in one

day.



7. The folloving data are reported for singic particles collected during
Upshot~Knothole® and Tumbler—-Cnappert®,

— 1,000 48
—tte 200 130
1,626 x 924 900 10
919 480 11
723 . 350 1.7
T4 . 400 : 10,
535 uo ' U.7
387 250 ‘ 1.7
234 47 14.7
1s 5.2 95
81 3.0 U7
20 . 0.5 —_—

It 1s ot intended hers to irply these are the maximm specifis
activities per particle that existed or could exist., The data at 4.7
ziles are reported to show the vide range of specifis astivity that nsy
ocour at one locality,

o,
sttt citle. E‘WM Batase fron o Zor

*WT-81l. "Distridbution and Characteristics of Fallout at Distances Greater
then 10 Kiles froa Ground Zero, March and April 1953*, Rainey, C.T., et al,
(SECRET) apd LA-1688,

#CLA~243. "Preliminary Study of Off-site Airborne Radicactive Materials,
Nevada Proving OGroeunds®., TYebruary 1953 (SECREY) apd LA-1685.

t220ata froa estimations b wsed on radicentograph methods.
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Gamma dose rate readings st four inches distance from a plane surface
two inches in radius, is 1/i0 that from an equally econtaminated infinite
f1el4, (See Appendix D.)

Assune an object having a two-inch radius is ccntaminated on all sides
(but not necessarily uniformly) so that the ganma dose rate is 1} times
that from sn equally contaninated surface vhose arsa is equivalent to the
major cross—sectional plane of the object. The fraction given in paragraph
one nov bescmes sbout 1/27, Further assume & 100/1 ratie for bdeta surface
dose rate to gamma dose rate at three feet alove an infinite field., Then,
the beta surface dose rate to gaumma dose rate at four inches will de
2700/1.

P B
Yoo
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dszumrkiona
The folloving assunptions are nsde in estimating rediation doses

to the lungs,

A,
B.

c.

B.
r.

OCE/ALy

Twventy per ocent of the inhaled astivity is depcsited,

There vill be no elimination of particles during their radio-
sctive lifetines. There is uncertainty as to the biological
balf-life of particles in the 1unq. In those comxunities
shoving the highest concentrations of fallout, the pesk of
airborne material (vhish accounted for the grestest percen~
tage of total fallout) cccurred only a few hours after
detonsticn. If one assunes & radiclogical decsy ascording
to 4°12 404 a blological half-life of say 30 dsys, ths
omission of blologieal half-1ife would not affect seriously
the computed total doss.

All of the activity is wssoclated vith particles in the
respirable range of sises, Fast data from cascade

{ampactors indicste that about 0% of the activity is assoel
sted vith particles 5 alorons or less in the communities

The lungs are uniformly {rradisted.

The veight of the lungs is 900 grams.

Aa individual inhales 20 cubic meters per 24 hours.

—737
72
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3. The average beta energy is 0.5 Hev,
H., The gamna dose is negligible compared to the beta dose,

v om

Data At Ot, Oeorge, Utah
I L. S ¥ ¢ PR IL
it ) doproxiacte

—0208 ___ Duration z:&z:__&aeeﬁzgn

0610 = 1130 4.3 hrs 3 hre 417 - 1s.
1130 = 145 3.2 hrs & bre 2.38 6.3
245 - 1848 4.0 brs 11.5 hrs 6.3 x 1q"1 2.1
1845 = 2300 4.2 hrs 15.8 hre Adx10? 1%
2300 - 0635 7.5 hre 21,5 hrs 1.4 x10°% 0,087
20635 - 1835 12.0 hrs 31.5 hre 1.4 x2072  0.139
*Assuzed

Sample Calculations

‘ D = ,‘t‘I.Z 5.'002 - tb-002J

Lets ¢, = 3 hours
tblzmwm (13 weeks)

IJ/p‘

D= (5)(3 x 2.22 x 108 x €0)(3)3:2 5-0.2 - a80-7
’L.Lxlogdhintogrntiou from 3rd hour te 13th week,

Aasumet 3“‘-. e 0,8 Vov '
(4.4 x 107)(0.5)(1.6 x 1076) (Yog=)(9® ) 3 4.2 x 1072 repm

42 xreps

Total Lung Dose for 13 weeks: 125 mreps

s o

et 55

3.0
1.26
0.63
0.5
0.02
0.03

RLO0

i

o

¥

/«Gui.



Assuzel Average activity for 30 mirutes is 0.5/118 at {3 to B43} hours
(Ses reference ippendix H.) | t *g
‘Thens 0.5 x 2.2 x 108 x 30 = 3.3 x 107 disintegrationa/30 minutes, i

At surface of imsginary sphere 1.0 mm in radius the dose rate is

~b __zreps
2,52 x 10 TTointegaiion (See Appendix E)

(3.3 x 107)(2.52 x 10"‘) 2 8.3 x 10° mreps/30 mins, , Ny

~ £

2 8 r_eps/30 mindbs L
]
T
2

\

Faza.
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lecation
Likiep®
Jezo |
A{luk
Majuid
Orned
Xaven
Wotho

Ro
(¥orthern)

(Central)
(1 n8.X.Village)
(So. Clstern)
Eriiripput :
Enivetok
Ksbelle
Utirik
Bikar
Enivetak
Sife

Hesn®®

#3111 data as of Xay 5, 1954, except island of Eriirippu where date is ¥ay

t

no——

.

90

l.2x10-1

3.0x1071
1.0
1.1

3.2x10"%
1.6x2071

7.8x10™%

62.0
40.0
5.0
4.5
230.0
50,0
200.0
53.0
3.3
8.0
6.1x10"%

AIFERDIX M

8.7x10~3
1,2x10~2
3.8x10™2
2,6x10™2
1,100
4.8x2073

1.3x1073

1.08
5,507}
$.3x1071
9.2x10~1
12.5
1.2
4.9
9.8x10™2
4.4x1072
6.6x10°1

9.6x10™%

—88Esdirstedfron comparison with dose~rate-
—fxiiout—on—enyisland neesured.-

XIX

o » o B & »

0.3

500

44,500
1,500
3,30
)
250
400
170
7,800

, Samma-Tose Troesteg)

20, 1954.



