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The—ob} ec“tw of-Project—23.2-was—t0 mmasure J.nitiel- and residunl-gacma
ratas:as a functlon of time at various disténces from high-yleld thormo=

nusd a-v- dastonstinne,

Initlal-gazaa rate versus tlms vas peasured at fixod distancea {rom
ground 23ro. In particular, msasuresnts were made of the effact on
initiel-ga=ra rate caused by the passsge of ths chock frunt from ground
zoro through the detector station. H

Rasidual-ganna rate versus tl-e was measured to provide gamza=
rediation tims-intensity data, which glve iaformation both cn fallout
rate of arrival end gewsa-trisld-decay rate durlng the 36~hour period
after the detoiatica. :

Seintillation dotecvors wsre usad in maling reconrecants. The in-
strumant stations were self-contained~-~the only outside fazilities re-
quired wevw timiug slgaala to turn on the stations at a pmde termined
tiwe prior to tho detooation.

Data ovbtuined indicats that the w»xparding fireball aid the passaye
of the shock front from grourd zexo through the detectar staiion had &
marksd offoct on the initial-gezza rats-=-hsnge on thn lntezre™sd o=
sure. The initial-gamza rate roacted its {irst peak 1m’13&iataly gff.er

tls dstopatlon, decreassd «iowly, begcn to riss slowly, srd thon incressed

repidly to a cogond peek {which was about tho sume volua as iha first ‘
pesk). After reeching the szcond-peak valua, tho initial-garina rate de=
creazad rapidly to cexo.

The ulow d2croase 3"}'\1*1&1-,5“*3 rats was attributad Yo tho matu-
r».l doeay of the rission products) the slow riza, to tle sxprxding of the

rehall and epproezh of tis shoek freal; ocad the ropid ineroese, to tha
p:.b::aa cf ths sheek frent \%‘u'r‘wh the dut ctor ttation. Thone effects
wary alse evidenced in the 1n.uar~ 2d expoaure hath prior ard sulizgusat
to the orrival of the ahsck ront. Tha awrege velosity of the shock
froad wva3 found %o deorcasns rapidly vith dlztence frua "*"mr.d £3¥0.

Tha decay exvoncnt froa the razidued centandasgiion end £dlout vaess
led with distnce crd diriction frem grounl 29, wrd fts LLooluto valvie
Ircreasad ratheyr abruntily v:*':*al hours eftcr ha datennticn. Tuls
ubrupt irncreosa 13 adtriinto™la ta it procsnee of zhori~idved irctojes
in the residusl contendnation ard Lo)lout.

Tha oaguresints coda by Dool=ct 2.2 of inftlod=zor
posures froa theyrsmialeny Covicsa of high ylold e in ood o osriwsns
with data {ivnm “"iia uuum:." DiZdation 1""”"-3" e TR 00T,
9) (aca Flous 4.1).

It erpacrs tihal the oltial-co-=a redfctlon 1a of nazdlodble elonil-
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o~

1l
Jean \.a, toeans aln*’ end L oral iy

243 in tho g v dlafenca Tannh D
: 2l vaudd o posaitls only AL porsennal
wa s dispos::d insi-le bla:)t.- a=d Lo rmad-proof lLunkers.
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This rwport 13 ore of the rwports prvicniing iln resulis of the 34 projects
particlpaling in the Hilitary Sffoei3 Tosla Piogiun of Qimreation Cagtly,
wideh inclulad oix tast datonailons. For mwmadsTs nlarsalad in ails
pertinent tast informailion, refursacs is mals o U934, HSiaaacy Raport
of tha Corsmander, Task Unit 13, 2rograza 19,0 jilldxery Bf7octs Prosran.
This suzaary meport Insludas the following Indermation of posaizla genarval
Intorssd: (1) an overull Ceseriptlicon of eashk delcnation, inrinlizy yWold, : d .
height of burst, groum! zavo locatlan, tims of datenallen, asvisnt almoa~ -
vheric conditious at datonailion, sic., for ths six otousg {2} diseuszion o -
of all projact Tesulis; (3) a sumuary of ssch rrojuct, ifnaludirg objuciives ' :
and results; (4) a coaplete llating of all roporis eovaring tim Hililxxy

Effects Tosis Prograa. )
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This swport i3 ons of the iwporis D:«:;:x.‘:.ing it recults of tha 34 projects

partieipating in the MilLilary Fifeets Tusts Piugiva of Oporation Cuutle,

whfeh Includad oix test Joicnationse I midsra Inloraaiad ia atlor
partinent tast irformatics, reforsncs is mals to URG34, B8z ury Daport

oi.' tiy Corxanlor, Tesk Unit 13, Doograsni 1-9,0 044l ~»1‘7 Effects Programe.
Thls suncary meport dnoludss n*a fodlowluy Iaferxstion of possiilo unnr&‘
Intavests (1) sa overadl desovipticon of €anh wtcuat*an, .'m‘u..‘.::; 7inld,

Foizhit of buvat, groursl taro lnc&t.'.oa, tiky of cdatennilon, anuisat atrose
;‘;,»_‘c (,ﬁn..u.tior's at datonallon, ete., for ths nix o “Jus- (2) diszuczion
of all pxo,:’.ct resuliay (3) & sueusry of sush projuet, imaludisg obj.ctives
end posultsy (4) a cou ole..a 1isting of all iopocis acnm:' tim Slitary
Effects Tosta Program.
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Chapter |
INTRODUCTION

1.1 OBJECIIVES

The objectivas of Project 2.2 wers %0 maastue Initisl- and residual-~
gassa vates ws & funchtion of tirme at varicus distaucss froa high-ylsld
thasrucuuclaar d2tonations.

Prior Lo Castle, 1iitle data had baen obtained on tia effe
ghock frunt from high~yleld thersenuclsar dQevicss on garra rate eud samna

oxposure. Frojoet 2.2 was desigasd to muka sccurale Jdelsimidnulion of
geuma Tates rnd esposiies Yo bta extseicd oy various tizzs wnd distauces
frem hizh=vinld thsrzcnuclear dovicas. Covparissas wilth dsta obteirned
fLrom "-wl f‘l“ji"l’l davicss auy lend Yo extropolabion fa:ztsrs Lthat would

ezl move~aceurate przdlctions of ridliation lsvals ard duszge over &
wide renge of yizlds.

Julolal=souan vato versus Liies was dstotials
tznzes frea growd zaro; particuwierly, tho offect on dnit
cwiz2d by tha prcozge of the shuck front from ground zomo
datector oiation,

Zogidurl-giza rate versus ticd waos measurcd to provids pacTy
rodiction thoo-inte n3ity azta, which glve Irdor.=ation Ywih oa £ ‘.‘.out
iha of :"_'s/.l\'.l... ard guianiilelisdaczy rabte durdag thy JA-tsue po
Tt tin detonalion.

l.2 DICHGRCUED

LU 1d

v
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of the sbsorption medium, and produced a consaquent change in the shape of
the gazaa-~rate-versus-time curves during this pariod.

1.3 THEORY

The ganma radlation omitted from a nuclear datonation may be divided
into two portions: initial and residual redlaticn. Tha residual portion
may includa rsdlation both from fellout and frua nsutres~irnduced cctivity.

1.3.1 !g}g_i_.n;l_-cw-v; Pediation., For devices with y-nlds of l3zs ttan
100 kt, in which the hyirudyraale effect is &i2ll, the Initl<l rrdiations
are dividsd spproximitely as showa in Talde 1.1 (fram Jufervuca 4). The

TASIR 1.1 Fhel3Y PacTITICE OCHG DNTTIAL ?'SIALIONS TOR
FISSIQU-TYFR (RVIG3

Froa Refersncs 4

Fachanisa Perzant of Totad Total Doergy
Fiasloa Savrgy g Yizslon
ray
4.0 8
40 8
2.7 5.4
2.7 5.4
; 5.9 1
Tuolryped beulions 28 § 0.2

*oatly sbecrked n toe davioe

mejor contreivutions to initlal-genca radlatica are fioom ths r*a sion-produet

sud UM Sha seraa redlailoa fron nontven coptumm by 1 (ny) in
-zxnloalive co ‘p"rn‘,a oved h u.h . ’F}n prenzd £OLA3 ard N-‘ﬂy

) ‘:-\l i.l t‘“) (’ VJ.\u ey ‘)’lf e AV OJ Lt\. a"j r‘"ﬂ.‘-f 3«

A% clcm

tiha y

Mo . . Fa E
fizdon o0 for

tlon o7 1 4a e Vool o
viea {0

1. S U I SR U S
&lsta o e 1o o 3=

E T R
\‘1(-:“! P
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induced activity. The decay rate of the residual radiation from fallout
will follow upproximately Lhe expression:

llt”l .2

-
v

and

ty
- - r G - R TR
I J At [td oLy (g 7 ) (L.1)

Where:

I~
Ll
[}

exposure rate at time t
Iy = exposure raie at unit time
t = time

r = ecxposure between times t) and t,, where
t;y = 10 seconds

It 13 expoctad that tha decay of tha -asidurl radiation will vary wit
weupcn deelgn. For exacple, tha proscase of Np** would t2ud to decrease
the ehsoluta velue of ks dscay exporent for a period of tims.

1.3.3 tbsorption in Alr. The alsorption of uncealtered gurua redia-
tion in horogiasous oic 12 crponential with dictanco. From a point suurce
of vonozntrsatie radiation, the vorietion of inteneity with dintrces s
expraseed 883

© _ 1y exp(-1D) .
ID = S (1. 2)

a2

here: 1

D intensty at distunce D

= source intensity

®oo= totoel linsar chrorstion deeflielant (Shis
ceotfiofent vrrarelly daerenszo3 with

Incrosatng carsma onzry)

D = distinze

ey

PRV N B ~ . -
Tha o “l‘ 3 e liS0e PR TR iR RV Y,
STINTY s et Valhns veem
e B s DR 4 P M
eun SaLtin Doty Dt S
IR '
851571 trat WUl by datoctad. Lo RCR

L e e e
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and distances have been calculated (Reference 5), and soms values are

shown in Table l.2.

- 1B exp(-uD)
ID ArD?

l.; -4__Hydrodynamic Effect.

For omnidirectional detectors, the expression is:

{1.3)

As shown in Section l 3.3, the atienua=-

tion of gazza a raifation 1s° “highly dapendent on the axount of absorber

tetwean tha source snd tre dstector.

For davicea of less than 100-kt

10! <
\
\
B N\
N\
N
N
! > —
N
H N Fission Producty
> = N o3 Saptura 16 Fisiion Ratio s 0.8
2
~
3 .
~
-
- 10 _ ~
4 L L9 E N
» ~
w r ~
° N
€ -
£ [ r
8 -
~
~
~
- N
~
~ ~ \
194 _\_..,
~ TN
AN
~
\\
1 2 E) 4

Distenca From GZ, 10 yords

Sijere 1.1 Corza exposure vars

g dletioen fopr A 1=k o

xis Qluetration abowa Yha econdtriluilcn frea flasi-a=proiu

and K (n,‘y).

yield, ecsaatially A1l of thay initisl-ren
tha chock frond cean preduse »!

tion of tis rir i
velocity of tha

Tongsmant of a ez

rooq wed
~'~11‘-1-\ /\‘- Al 11 +3

S
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6). The higher the yleld, the largsr i{s this percentage. A simplified
treatment of tre hydrcdynanic effect follows. :

Assuming a sphare of volume Vg, radius R, and filled with a gas of
density p, and mass M, then

4:R?
= Vepy -——Jap (1.4)

Lat the gas ba cospressed into a shell with thickness AR (R remain-
ing constant) Tte new g£as volums i3 expressed as Vi vith & density of
pe (Vi = 4r R? &R). The mass has not changed; thus .

3

M = Ve, = 47R? ARp, (AR << R)
4rRY | 2 ’
—-5-’ = 4xR ARp‘ (1.5)
. R
ARpy = =2 ' (1.6)

Equation 1.6 irdicates that a ray originating in the center of the
sphere would traverse only a third as auch of the mass in the shell model
TABLE 2.2 CALCILATZD EUILO-UP FACTCRS
Tio build=vp faztor (2) glven t2ro is the factor B, (1,0, &)

as compitsd by the kuciaar fowlopesnat Assoclatas for AFSWP
(faferenca 5).

erargy 2) Bu4-up Frator, 8
1,000 yarda 1,570 yaols )00 yArds

oy

Y 16.2 29.) ~33

) 3.8% 5.33 10.2

& 297 440 1.0

10 1.0 2.01 2.50
es it would in the bhomogsenuvous mod2l. Tr2 rosult wauld bte an enhreanomant
of radiation. Once t.be """ )l of Lo ':rirﬂ, n tho shock front punsns the
datactor, &n oven=greetor 0"‘*. ~,:l 2and eheuld resultb,

As provicusly e‘.:‘md, tia 1 {a,v) cossoaunt of initiel rodiation is
esrantially cnitted within 0.2 cocond., Cinca A tekos at lecct opy n2e-
ord for the choek foont to rcaeh o. dnt‘,cn et o dictonzs of 7,000 feat
{oven for duvlars in tha order of 5 1), t'n T (7)) eerc w;rt i3 not
sk ﬂnic'.':\ily cvharsed. Tha L aiur-;;r*’ et (_;.'*",.m:s coxn ti:vn to coatribats
during thy Sirsy 30 sceordsy thovaforn, this ralistion 13 stierly enhunced
by the shock wWave.

p&
SELOST

o 251 o P M 7 18 S — s ¢ o e =t m e e e
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Chapter 2
PROCEOURE

2.1 IKSTRUMENTATICGH

A locw-sensitivity system was usad for moesuring high-initial- and
high-residual-gamaa radiation rates. For maasuring lower rvsidusl~gamna
rediation rates from fallout, tie inalrumentation was of high sensitlvity.
(See Appendix for circuit theory of the instrumntation.)

2.1.1 Low-Sensitivity System. The detecting element was a stilbene
crystal mounted in a graphite olock for elactron equilibrium. This crys-
tal essenbly was installed inside a blast-resistant housing at the top of
a light pipe. The crystal cutput passed through the lighd pipe and was
detacted by a 1¥21 protonultiplier tube. Thias tube was used in a 100~
percent feed~beck circuit, which held the anode current nearly constant
(regardless of the incident light) by reducing tle photomultinllar-tube
dynode voltase. The galn of the tute was approximately a direct function
of the antilog of the dyncde velisge. In thils msimner, a useful dynamic
rangs of aboul 10U was realized.

Two differsnt recording systams wers usad to taks edvantage of the
wida glynamtc ranga of the instrurant. Ioitial-gamma rates frow 10° r/hr
to 10° r/hr were rocomxied by a high-spoad rocorder, which was copsble of
rosolving to 0.01 s2cond uith a rucerding tims to 20 minutes. This re-
corder, uonulfectured by the Sandorn Coupany, Condridze, lMassachusetts,
uced heat=ssnsitive psper and & hot-wire stylus. It was found to be wolle
suited to racording under the adversa conditions encountorad durling npu-
clear tests, aince it was virtuslly free of the troubles that may arise
with 1nk and protogreprhic recerders. '

Initiad-gamma rates fron 0.20 1/hr to 104 r/nr with low resolution
over a long-timz pericd wore recarded by a Bristol recording millivolt-
reter. This recordoer vesd swoked prper, hod a running tiza of about 24
hours, and a tizs rosoluticn that was proportional to tho runniug tire
(1 minuto at tha start acd 5 =inutes at the end of 24 hours).

A double station, consicting of two deatectors, one with a lou= cxd
org with a high=resalution recording system, cavered the xurgs from 0,2
r/hr to 10? r/hr end reescded useful deta freom 0.0 gecond to 24 hours.

2.}.2 Hirh-S.nilsdvity Svstem. The Zetenting olement was en anthras
cene erysbil cauntad in A irapiion Glock for electron ecnilitrium end ate
tected Lo tha windouw of a 5019 protormuliiplior tuhe. This tubn, liks the
1021 menttonnad in Sactlon 2.1.1, wa3d ured in e 100~percont {ecd~back
circuld, and the sncde current was kept virtually constant. Its gsin was
approximately a direct function of thy antilog of tha dynode voltage.

1
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Thervfore, it was possible to plot the incident light, or gamma radiation,
as a function of tha dynode voltage.

4ll electronics were mounted inside a light-aluminum kousing for pro-
tection from weather, thermal influences, end small blast pressures. The
output was recorded on a uristol recording millivoltuster, which rucorded
gacra rates from 0.2 r/hr to 10' r/rr for 4 pariod from 1 zinute to 24
rours.

For tield instellations, the instrumentation systems desceriled in
Sections 2.1.1 and 2.1.2 were mounted inside standaid 55-gallon stuel

druxs imbedded in concrete. Figure 2.1 i3 a block diagram of ths datector
systams.,

2.1.3 Special Detector System. A special detector system wes de-
signed and constructed to detcrmire the effects of high-garma rates and

DETECTOR HEAD

CRYSTAL
_TIMING SIGNALS
GROUND
' ‘ LEVEL
r CONTROL
. uNIT
| ALIGHT PIPE
=~
POWEN - EOROER
UNIT
PHUTO-
BULTI-
FLIER

fmure 2,1 Block dlnirem of a typlesl detoctor systens Tho dotacting
alc#eﬁt 18 aither a stiliens or aa enthraec:ma erystal @:penlirg on

DT

. wiwtror 1t 4 purt of a low= or & hijh~uzaszitivity cyston.

walioa

cumulative expogurns on the crystel detucting elezent, Two loy-gonsitivity
. drlrctor hreds wore eaployed: one dn normal uscge rad the socond covered

with A 5~lach=thick luysr ol lesd shod to atienuale U gurwe rodinztlen

machlng the crystal by a factor of aiout 100. The "norael” head detecled

i3
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the incident gamma rate, whils the lead-covered one detected 1/100 of this
rate, and also received only 1/100 of the total exposure. :

To calibrate ths station with the normal head, the first method was
used as described in Soctlon 2.2.1. This required the placezmnt of a ,
density-four neutral filter between the crystal and ths photozultiplier .
tuba of the normal station to incrvase the range %o 10* r/hr. The lead- -
coversed head required only a dansity-two noutral filter, inasauch as tha
lead covering sirved to atlonuate the Incident gamma radiation by a fac=
tor of 100 (equivalent to a donsity-two filter).

If the two daleclor heads track, the crystals are not bem.g differ=
entially effected by gamma ratos ond cumulative expasurea. If tloe detece
tors da net track, it is an indication that there 1s a rate or cu:nlr.tiva
exposure dsper ‘dnnca of tho .system or a significant changs in the spectral
quality of incident radlation. In the evant thet scintillation crystals
are shown to be naiiher rate nor dosega dapendent, the assumption mey be

mad2 that a nesrly lineaer extrapolation of low-intensity calitration can
be porformed.

2.2 CGALIDRATION

2.2.1 Hin-Intenbitg Calibration. Calibration for high retes was
bassd on the assutption . that ths light output.of the scintillation crys-

tal is a lirear function of the mcident rediation at least up to 10! -
r/hto

Two techniquss were used to callbrate the high~lavel instruzents.
1w tha first method, tho dotector head was calitrated frea 0.2 r/ir to -

104 r/br, u_,in,‘v, en 88-curis Co™ sourca. To extznd tha rsnra of tho in-
strument to 10° r/hr, a density-four rautral filter was placed beotueen
tho crystal end ths photormultiplisr tubse. "fi‘ectivelj tha syqtgm would
then measure radiatlon frem about 0.2 x 10 »/hr to ld’

It was nocassary to put -Hieldir\',' eround the photor: 'zuluiplier tuba,
sinca it was sensitive to rediatlon. The purpose of the sliciding was
to sticazpt to attenueta tho incldant germa gedlotion on tio pi ')"Cu.u. Linlies
by tha surn order of e 3nituds as the noutral do 'nit.y filter alt:nuatas
the Might from tha crystol. (Thls was not poad‘cle in tha £i0ld, us the
exount of seatter radiavdon strlking the photeraltiplisr t‘-rouch tha
light pire pmeludnd an ntlsnuation factor preater thon 16%)

In the ceocond hizh-intensity callbration matbad, the deiestor haad
was firat calibru\.f:d frem 0.2 r/hr to 10° r/br ualng on B-curis Co%
source. The crysial was then replaced by a lijhe courca of ils sud
spactral quality as the s=tilbena crystel 0\*_v1h. Tha ortpat of tiis
light eoures couldd la voriad in Wnowva inerewantas A flob va3 wada of
this output versus the rolative Ing!rat lumteous fluxe Thar enlibratinn
curve t..us obtelrad waa then rowmallzed to tha curve obladsed with rodia= -
tion and was found to tresk very cloroly up to ihw mextiua of 104 r/hr
(Figyure 2.2). Eacsurs of tim eoruamont botwnaa the lirkb end tha redfa-
tion calibrations at tha lcv s\!""lS, the 1lsht ca.h.::'&thn was umd a3 a ' .
basis for axtrapolating the vodiation rr\ltbration cur’9s up %o 16? r/nr.
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TABIR 2.1 ISSTRUMENTATION FOR BAQH SiO0T

Station Islaod Rasge {roa Description
Kunter Loostlaa Zare
foal
Shod 22
20.08 Oboe a3,%2 Single high-senaitivity ualb
220.10 Able 6,400 Two lovsensttivity ualts
PPN woariie T T lrumssacialvisy walls
Two lov-seaalilvity units vith
220.12 Dog 4,31 G SHcor tmad shislded vith 1B
220,13 Basy 45,29 Single high=mr3itivity uats
2044 Peter 82,648 Single bigh-mmzaitivity unit
221,01 Willlam €1, N9 Single Righ~ssceltivity unit
22.02 Yoke 54,480 Sinle righ=mraitivity wit
221.03 Zabrs 20,558 Slogle Rigzhmcensitivity unit
221.04 Alfa 49,432 Sirgde higza-senaitirity unit
221.0% hrave 47,590 Single hlgh-munsitivily unit
Spat 22
220.08 Obton ~ 83,00 3ingls high-zensitivity unit
220.12 Dog ~4) 420 Singre Rluhawraibivity unis
20.14 Peter ~82,00 Stoods hlgu-eiasiiivity unib
- Shot 3
220.08 Oboe ’ 16,77 Cus lov= and oo high=snsitivity unld
220.09 Roger 7,511 Ooe lov= nod cos high-sensitivity uait
29.12 Dog 69,112 Single hlgh-eszel.ivity unih
220.24 Peter 12,7® Onw low= a4 cos high=pensitivity unit
Shot & .
220.06 Tox 13,503 Opa low= axd oms high~scnsitivity unit
2007 Ceorge 18459 Cea low= erd ciny Migh~sensitivity unit
220.12 Dog 747 Ty Jowsunsitivity unite
20.13 Raay 9,602 Cos higo-senaltivity uait
Stot 54
¥one
Shot 63 ‘
Unmuate red FART ~18,000 " Two portatls high-seasilivity unite

2.2.2 Low-Tntonsity Crlibration., Tra low-l37sl dsteclors for moase
uring fallout woru 6zlitrated GiITZly with en ¥S-eurls € cotrcas

x4
2,2.3 Eroroy Dacandorca, Zoth kha anthrosena eod stilbora detector
BY8talS FEVO LLITOXIILI Y AU 200 FOTI6Ny ovid thy earTy
kov to 5 lbve T posteparation latoratlory rocnlibrs’lon
20 and stilbens doloctors that wes eriglonlly glo

2.3 BSHOT PARTICIPATION

Teble 2.1 sumzavizas tho lccatlon, range, and types of instrusanta-
tion ussd ln each of tha shotge

18
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TIRIE 3.1 CoOA KIDIATION DATA

Station Trps Dis‘ae to Asiauth Gmuxa Exposure Intagreted Yaximm Jecay Kxpopsnt Ccawsats
Grovsd Zato Rt = (k= Rt7)
Fdor to Arrivel Subesuest to Arrival
o Sbock Front of Shogk Froct
feet dog nmin r Pervont of r Paroset of /e
Iotegrated Integrated
Shot 13
{
<. Aigh intenal 7 8 24 9,900 - -— -— 9,900 é6x 10 — Initial radiation
= ty +206 . ) 0.9 ssa} Teusiivd to tine of
arrival of shock
front. Reaiduxl de~
testor destroyed.
0.3 Palloat 5,%2 38 & - bt - - 13 34 o.Q
Ohoe (0.25 to Qw
0 hr) 18 rr)
rXa2 llut $,)N 92 28 b Lo ——. —— 3,735 1,000 1.3%
g 0.25 to B
2 he) 10 »r)
2.1
(10 to
4 tr)
20t N
2042 Fallout 63,112 8 —— Lo bnad - 51 4 1.28
Dog (0.33 to Q
15 &) 12 tr)
Loot dog =in r Parosnt of r Nrosst of r/hr
laotegrated lntegrated
Sbot 4
20,12 Nigh Intensity 740 s M 72 6.4 12,421 9346 13,263 7.2 2300 wee Initial redistion
Dog (062 W (1.3 o 002 o received ir sotire~
1.3 sec) 20 sec) 20 se0) ty. HResldus) ree~
ords destroyed Wy
weler,
2006 Kigh Isteasity 15,501 4 1 0.5 1 0.6 912 S2xx one Ieitial redlation
Fox {0.02 to (4.5 %o {042 W rewivad in entire= .
4.3 s} 25 me) 25 mae) ty. Rerldual reg*
orde destruysd by
wvater.
220,07  Fallsut 15,5® o &7 -— b o haad 1,237 (%4 139 Rasidual radlstion
Georys {nes) (foa) (2w recorded. Initial
(C.033 W 6 he) 50 lov W record
10 nr) 2.6 accurately bt
(7w FroLald y ou, the
10 ir) order of 10 z/by.
. L) L[]

T My

ERY NPT

P Ep e B S 2

- ———
C .

Cie melme weietaa? ants

A e

el e e sota e e

O SIPNCI N



e e s —

- - e e e e B e o s wese e lemeam S Wt REMes TSl S0

N e S o ot T

decay exporent x, in the expreassion I = I,t™%, was found to change from

about 1.35 during tbe period H+ 3 to H + 10 hours to about 2.1 during the
next fourteen hours.

Flpurs 2.2 ghows that at Station 220.08, fallout started to build up
about 15 minutes after the detonation and reached a maxirum rate of 34
r/hr. Tha integrated exposure was 133 = during the first 24 hours. The
decay exponant was 0.81 for the period H + 1 to about H + 38 hours.

Bocause of tho unexpected high yield of Shot 1, the instrumontation
gstainad serious damage. lLow-sansitivity Station 220.19 on Ahls waa

destroyad by blast. Fallout Stations 221.05 on Bravo, 221.04 on Alfa,

ToLd - : T
-+
8

i
100 i
o [ty Sy uip St By 31 - -4 4 3
3 [ :
X A | o i

~ o h 1o~ 17
1721 #47' [ N
fs . e Y gas ,
2 }
a i
g H
oy +- i
- i
i

10 |
o0 G 1.0 10
TIME (SEC)

Flzure 3.1 Initial-garmms rots versug tiess for Shot 1, Station 220.11
on Charlis. This station wes 7,206 feot froa ground z2er0.

221.03 on Zebra, 221.02 cn Yoko, and 221,01 on Willianm eitlar vire struck

by misailss or inundated by vatar. These stations did not provids reldi-
abla rocerds.

3.1.2 Shot 2. Instrurmnt ztations et able and Chorlis wave destroy=
od by 5137 Crurosotsures from Stot 1; tharefora, Shot 2 could rot bte ia-
atruzmentaed for close-in initial-germa~rate woasurecsnis. Fallout froa
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Shot 2 was of such a low level compared to existing background that fall-
out stations on Oboe, Dog, =nd Peter did not obtain good records.

3.1.3 Srot 3, No initial-gamma rats data were obtained becauss of
the urexpected low yilsld of Shot 3. Fallout Station 220.12 on Dog pro=
vided a good record (sse Figure 3.3). Faliout started to tuild up atout
20 minutes after the detonation and reached a maximum of 24 r/hr. Inte~-
grated exposure was 51 r in the flrst 15 hours. The dacay exponant was
1.28 for the pariod H+ 1 to H + 12 hours.

3.1.4 Shot 4. Figure 3.4 (Station 220.12 on Dog) shows that the
ipitial-gumna rate £irst dropped in mageituds, then inzreasad slowly froa
0.4 to ebout 1.2 saconds, ard than inersased relatively rupidly to a valus
of 7.2 x 10% r/hr, approximately the sozs &3 tha original rate et tims of
datonation. The slow incrveus appears to be the combined result of tln ex-
rension of the fireball and tha approcach of the shosk frent toward the ‘
dotector station. The ropid incivase was caused by the passage of the
shock front through the datector atation. .

Flgure 3.5 (Station 220.06 on Fox) shows the same phenouana as Fig-
ure 3.4. Tho expanding fireball and tha spproach of the shock front cause
a slow iucrease in tho gozza rate from 0.7 to 4.48 seconds. Passags of
the shock frent through the detactor siation cauces an abrupt lncrease to
about 4.5 x 10' r/hr, after 7 saconds. This pesk is ebout the sam as the
original rata at time of detonstion.

The racoxd obtairsd froa Station 220.07 on Georgs shows en initial-
gacma spike and ths arrival of the shock front 5.86 saconds later. How
ever, the deflaction was too s=all to pexuit the readout of a time history
of the initial gzzza. From Shot 4 data, 1o average volocitias of the
shock (ront batuwen ground zaro and Dog, Fox, and Gesorgs are coiyputed to
be about 5,100, 3,000, and 2,600 ft/cec, respactively.

Facidu=l-gemua rata versus tim is plotted in Figuro 3.6 (Station
220,07 cn Coorge). Fallout rmeactad a p2ak valvs of 620 r/hr, end the xo-
cordad oxposure of the firat 10 hours aftar detonation was 1,237 ro Dur
irg tha poedcd U+ 2 to R ¢ 6 boury, tho decey oxgosent vas 1.29, ard {ron
H+ 7 to 4+ 10 hovrs 4% was .61,

Thesa figuras ragresont thn data es ready oo corvectlon for cir den=
sity heos baen wada. Tho xelatlve cir cdensity for thn Castle evonts is 0.9.

3.2 DAIA CQORPELATION

3.2.1 Intaoratad Sxoosung Pate Yhvous Total Dxvorvem,  The dosegos
obtadr~d oy nlogTiiing Uis) Cusvad 01 14500 448 Cod J-6 5ave bien cou=
pamd o dosage measurwseonil »ada by the Natlonal Bavasu of Stundsxds
(133) tyoe photegraphie derirztars on Project 2.1 at tho o uistion
locntiona {finferenco 8). 7The rTezults oro sizsrlzed in Table 3.2. Bo-
causa tho gnroea rales obtalncd ero valld at a o:fficleont nuader of pediume
distunea stations viern wizsavra did not axcend 10‘1', it pey s ssmumd
that thy results aro also valld at close~in siations whara tha totel ex~

e e R Rl et R R i = e e ————
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posure was less than 10°r. This assuuption is bassd on data showing that
the response of scinti.llation—tizpe crystals is not adversely affected by
total oxposures of lass than 10°r (Reference 7).

3.2.2 Special Dotector System. The <data from Station 220.11 on
Charlie, Shot I, chowed that the two hesads did not track. This was at=
tributed to ths preseace of scattered radiation that entered the shield-

TASIR 3.2 G RASIATION OCSAcE

Comparison of dosags measirvasnts eads .with NES typs platographis
dosinetors on kroject 2.1 and dodigd mRasuremntla Al sam Tanges
zades by scintillatica datactors ua Froject 2.2.

Distancs to Prolsct Station Doee ) Time
Ground Zero
et r -
Skat 13
83,762 2.1 2A0.2) 120 ¥+ 82
2.2 LUW08 133 He 0
42,372 2.1 210.12 6,000 He M
2.2 210.12 3,735 e 20
Shot 43 .
15,59 2.2 210.21 2,063 He 104
2.2 220.07 1,237 Kel0

od area through the light pipe. The sensitivity of the photomultiplier
tute to radiation required tre precsonce of shislding to eitenuate the
radlation in the sams ordsr of masnitude as tha rneuilral-density filter.
Whon it proved impractical to incresce the shielding, the usze of neutrel-
density filters to increase the datectort's uprer limit was sbarndoned for
rezaining shota.
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Chopter 4
CONCLUSIONS

The following ccnelusions were reached, based on the emplirical results
of Projact 2.2, and on collateral data obtained from other Castle proj-
ects: '

The passaga of the shock front from ground zero to and through the
detactor station has a merked effect on the initlal-gawma rsdistion rate
for high-yleld weapons. Tha percentage of total-initisl-gamzma-rzdiation
eyposure received prieor and subsaquant to the arrival of the shock front
was found to te a function of tha distances from ground zero.

Initisl-gar=a radiation is of nezligible significance since hiast
and tlermel sffcels in the semd range of distances ars so great that
survival would be possible only if personnel ware dispoced insids blast-
snd thermal-proof bunkers. )

Tha rate of dacay of the residual fisld radiation from fallout was
found to vary with distance &nd direction from greund zero. Tle rate of
dacay increacsis rather abruptly saveral hours after ths detonation. This
nay be asttributed to the pressnce of shtort=lived isotepes in ths residual
contanination and to rractionalization of fallout materials.

Figure 4.1 indicates that Project 2.2 msasurcments of initial-gemma
radiation exposures from tharmonueleer cevices of high yleld are in good
agrecrant with data from "The Nuclear Padiation Handbook,™ AXSWP 1100.
It sheuld be noted, however, that the Castls Project 2.2 data was oans of

ths sources ussd in itte preparation of the prediction curves of that hand-
bocke.



Chapter 3
RESULTS and 0I1SCUSSION

3.1 CEHERAL

Figures 3.1 to 3.6 are plots of ganmza rate versus tims at various
distancea from ground zoro.

Exozination of the figures makes apparent the offect of the shock=
front passsge tetween ground zero snd the delaclor station during the
initial~gazza radietlon. Aftar ths passage of tha shock Cront, the initial-
ganna rate rosa alwost to the samy valus as 1t was at the time of datona-
tion.

Tutle 3.1 sumuarizes the gexnma-radiation data for the stations usad
during Shots 1, 3, and 4. The extensive instrumentation originally planned
was not follow:d bacauss of tim unexpacted loas of most of tha equipment
gtored on Touw during Shot 1, Out of a total of 30 low= and 5 high~
etensitivity instrurents, only ssven of the former and twdo of the latter
ware gelvaged for succceding shota.

3.1.1 Shot 1. Filgure 3.1 shows initial-gamua rate versus {ima for
Station 2:0.11on Charlie. The increass in rate from 0.35 to 0.9 second
uns appavently caused by the cxpanding fireball and the appreach of tha
atcck front tovard the detector station. The shock froat arrived at the
datoctor station at 0.9 cocond. Tha aversps velocity of tls shock front
batizan ground zaro end tlre detector station was computed to b2 about
8,000 ft/cac. lo further data wre obtainad btecause the station was do-=
atroyed by missiles at that tims.

Tha speclal dotector system at Station 220.11 on Chorlias was dsaigned
to daterminoe the rele or cumilative exposwe dependenca of the crysial
dotsehing olomants, a8 well as to m2azure the initlal-gs=ma rete. Racorda
obtaliosd showz2d that the two detector hesds did rnot treck. liowevar, it
wag datstnired that thils vasg nod v to a rate or dosrga dopeuiines of the
erystals, but rathapr to escattored garma rsdiation entering throuszh the
1izht pipe crd shriding tha photorultiplier tube in the statlion without a
gnizld around iho diteclor koads Since a dinclty=four nuulral £ar was
plagad Wwotiven the erystals end ths photommliiplier tubs to inersansy tiw
rango to 10° r/ir, tin offuct of thy toubtared redistlon sntavips throush
tra light pire vog to rmltiply the direet effect of ga-na rodiction on s
proterdtiplior by ravors) antars of rroygnitudas EBacauns cf this, Vi
record wont off seede Az-sdlaiely end sove no true Irdisatlica of % goooa
ruta,  Tin ostatlion with tha ohleld:d dotnelor vod rrovided a goad rruond,
beczuse tha laad ohfoldlng oflentively attaaunated the gasia wediasdlon that
Meacind tis rhotoluln by a foctor of 100,

Floure 3.2 plots ronfdusl-gnt.a vata varsus time for Stations 200.12
and 220.63. Tha graph shows thet at Station 220,12, fellont starisd to
tuild up 15 minutes after the datorstion cnd reected a moxlria rats of 103
r/hr. 1ha intogratod expowsurs for >t £irst 24 rours waa 3,735 r. Tha
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Appendix
THEORY COF INSTRUMENT OPERATION :

Pdfillzent of the objectives of this projsct required an {nstruzent of known opetratioecal char~
asteristics 'n very~high redistion fislds, and with en extremely large dynazie rarcge., The former
yoqulrsrmant lodicated that a aclulillation datoctor would be tasht sulted; the latier lod %o the
ebalice of e faod-back cireult that kspt the photomultiplisr-tuds anods current substantially
canatant snd thus preventad fatigue cf tho photocathsde under nigh fluxe |

Tre jprotomltipliar dynods voltsgs is dovelsped ecross thy cathoda resistor of a cathods fol-
lownr, whoes inpat elgnal is darived from the photozltiplisr eoda cwwwut (Figum AJd). 4a
inereacs in the incidani )iioinous flux on the plotocathuds teuda Lo incresss the photonultipliare

]
$ [ ]
-~
Flgure Al Sehomatie dis ran of 8 typlonl datactor system.
High=Intens ity mesutvmnia wrs rode with a 1021 photo-
multipliar tubs wharcas falloud soasumunnta wesm meds with
a 581L%-tyra tube,
tuba anede Qurminbts. Troressad mncda current pmmants & ososilve atrel o e controd tute, in-
g 40 Domedanow S0 that tuly emd Jowsviny the solte 3 Acmied i platoaltdndd v

Freow thy arrlifization of Lt oot
Corale volto )y will cory a2
A 2% A rolnl ¥ wme a4 ¢o=i) irzmeery da 7t
Yuoa 1At f2 ik erousn ta drop Sim o gcude Cufrant &% Um
oy Do) Of LHtorslookdeet 1Iche Qluxe  Tra cutpes e tolea [req M ocuidoda of ke sontrol .
Luie o=} {21 L9 A ilng vallastar.
Tiw raro2 of anifsmevrrant vatlat{on e-n be c«lmdated for 3 givaa conlrol tule asd faad-
back msiator. I ibo control tuls has a geid beoa of 5 wolts (chat la, the tube cuts off at

0
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;s v:;lts), sod the fesd-back reiistor is 100 wsgobss, the maximum velus of the wiods current Iy
s giver bys

I, = i!z:' - % 2 § x 107 umperas (0.05 pa)

Thus, In & typical clir:uit tle phbotomultipliar-~tubda anods. curreat cannot excesd 0.05 pa, and
at this valus of cwrent thire §3 mo dangar of photocatiods. fatiye. Sinea this was a 100-psrcent
fsed-back clrcull, it vas virtuslly intosendent of coantrul~tule claractaristics erd dspoodad only
on tha photoxultiplier-tube charwctoristla and 3he valus of the [red-back rusistor. The resonas
curve cf the iaglrumeat elosaly followwd the photostiltipliaor tuba's gaula chazacloristic for vary=
ing dueds voltage.

Tra tube cozplemynt !'neludad-a 1UL as contrul, & 1P photosultiplier In the low-sanasiiivity
(pigk~intonsity 2aasurszantis) eystsa, and 8 SU19 piotozultiplisr for Fallout seasuwrssents (bigh=
sonaltivily systsa)s 2ltrocgh the ratsd plate-to-fUemsut voltzygs of tha 4 ves exzasdsd by &
fector o tun, no ALf7lcultien vora expurisnend If filaeonts ware allowad to warm vp tefore ap~
Pyleg Us glete voltsgo. A 48=volt katlisry spplisd a constsn? voltage tetwsen axode apd rinth
Gruiwis of tho photamdilplisy, clnce tho latter 18 zoct stadle whon cperated with a constant
voliris bolinen thoes points,

o varliailoa in instiuznat eberzetaristlies could ba dotoctsd when tho control tules were
replaceds Ti%3 waa trus evva whon tides were trizd with ¢ifferent cravscteviatica (sush as the
124) tat sldlar pin commaliena, Tols zutstentlatss tha tlosry thadl in this 100-pervent fesd~
tack edroult, the plotemlbipliur=tuma churnetsristls Lu indapandent of thy conlroi-tube paraws
etsrs. The dyvezld ran:s of tha lrsinc~zt $s abocoxdzately 10°. Wisn the exirems velus of
dyarslie rrnge is wot rogulited, o rocadar zay s edjusted Lo opsrate ovar & portlon of the
rarsa, thus providing aa expandsd ssale omer the rogion of interest. For sxanpls, in some loca-
tions vbore A dynaale res.s of 10 wes sufiiclend, tis recoidsr was adjusted to opvrate over thls
?.\rtiou of t!» instrusci?s oulgut. A woru-accurste Fecording waw provided by making trsos &d-
uslznntee
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NOTICE: When government or other drawings, specl=-
fications or other data are used f2r any purpvose
other tkan in connection with a definitely relé}éd
government procurement operation, the U, S. . &'
Government thereby incurs no respcusibility,yngi any
obligation whatsoever; and tke fact that the Govermn-
ment may have formlated, turnished, or 1n any way
supplied the sald drawings, specirfications, or other
data is not to be rvgarded by implication or other-
wise as 1n any manner licensizg the kolder or any
other person or cirporation, or conveylng any rights
or permission to manufacture, use or g=1l any
patented invention that may in any wsy L related
thereto.

NOTICE:

THIS DOCUMENT CONTAINS INFORMATION
AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE ESPIONACE LAWS, TITLE 18,
U.S.C., SECTIONS 723 and T94%. THE
TRANSMISSION OR TIF REVELATION OF
ITS CONTENTS IN ANY MAXNER TO AN
UNAUTHOFIZED FZRSON IS PROFIZITED

BY LAW.
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EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF THiS
DOCUMENT ACCORDING TO APPLICABLE REGULATIONS.
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