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ABSTRAC
The-objective of-Projeet—-2.2-was-to ceasure jnitial- and residual-gacca
ratas,as a functlon of time at various distances from high-yield thermo-
nuclear detonations,

Initial-ganua rate versus tice was beacured at fiod distances from
ground zero. In particular, measurcoants wore sade of the offact on
initieal-gacsa rate caused by the passsge of tha shock front fron ground
zero through the detector station. $

Rasidual-ganma rate versus tine was measured to provide gamza>
rediation tims-intensity data, which give information beth on fallout

rate of arrival end geasa-fisld-decay rate during the 36-hour period
after tha detonatica.

Scintillation detectors wre used in making mecsuurenints. The in
strumant atations were self-containud--~the only outsida facilities re-
quired wes timing slgnaia ta turn on the stations at a predetermined
tine prior to thea detonation.

Data ovtuined indicats that the expanding fireball and the passage
of tha shock front from ground seve through the detector station hada
marked affect on tha initial-gerra ratecs-isnea cn the integrasd oor
gure. The initdal~gaziza rate reacted its first peak imisiiately after
tre datoration, decreased slowly, begen to rise slowly, sei thon Incressed
repidly to a second peak (which was about the sate value as the first
peak). After reaching the second-peak valua, the Initial-gana rate dae
exeasad rapidly to sero.

The slow decrease jAInitial-gama rats was attributed to the nmatuc
ral decay of the rission products; the slow rica, to tha axoseding of tha
dreball and epproach of ths shoex front; and thea renid incroase, to tha

pasce.a ef the shock front Yhrough tha dutector etation. Those effects
war) olso evidenced in tha intogrsted exeosure both prior amd subsiqusat
to ths arrival of the ehock front. Ths avverea welosity of tha shoe
froat waa found to desrvans rapidly vith gistenes Erea grovrd esro.

Tha decay exconent froa tha raviducl centuntastion and flout vase
Jed with distonsa ced direction fron prourt coro, ard its choclate yaiue
insreasad rather abrocbly cevoral houra efter tha @atenation. This
abrupt increase ig agtributele ta the procenee of chort~livad trotopes
in tha resdtuel contentination and frJlout.

Tha roasurecints ecda by Pooject 2.2 of initlale. 7a redi-tion ex
posuras from thiivonuclear coyicsa of nish ylold em in coeds wectens

9

 

 

with data from "The Ruclear Readahion foriwok,t ATP LD
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ABSTLACT
a

This report is one of the Feports price sing the reoalt3 of the 34 projects
particisating in the tHilitary Rifects Toasts Pivgren cf Giaisation Cagtla,
which included six test éstonabiona. For m3a0o7r¢ tatorastad $a athsr
pertinent tast infornazioa, refereccs is male to UEeS34, “"Suawry Raport
of tha Cormnander, Tack Unit 13, Srograsa 1°9,% iililtory Sffacts Prosran.
This suuaary mport Includes ths Lollowins infermation of poysicla suneralary 4

interest: (1) an overe2] caseripticn of each Cetonation » dacivcisg yiold,
height of ourst, groum! caro location, tine ef gatenation, eacient ateo3e .a5 » bt >
pheric conditions at datona+ion, otc., for tha six ebotas (2) dissuasion
of all project results; (3) a surzary of suchneojuct, insludizg objustives -
and results; (4) a conaless listing of all reports covering tioPatitary
Effects Testa Prograa.
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FOREORD
This ssport is one of the reports pro:onting tha recults of the 34 projects
participating ia the Militacy Mifects Tusta Piogteu of Operation Custle,
which dncludid aofx test cstonationg. For suisira Lifloragied in other
pertinent tast irformatioa, reforsncta is mado to UN934, WSc.ury Popert
of the Covusnicr, Tack Unit 13, Srogracs 1°9,% oUldtery Effects Programe
Tala suatary mipost dinclucss tha followluy inferrstion ef posaizla general
ditevests (1) sn overall dscorintion of cach cotenatian, dicluiing ylold,
beicht of buvet, groursl caro locatioa, tins of catenotion, ancisst atrose
piwPie conditions at datonation, otce, for tha six cbots: (2) dissuccion
of sll project resulta; (3) a sveusry of auch projuct, includiog objietives
énd gesults; (4) a co..plete listing of all vepocts aovaring tin clitary
Erfects Testa Program.
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Chapter

INTRODUCTION

1.1 OBJECTIVES

Tha objectivas of Project 2.2 were to maastire initisl- and residual-
gacta votes aus a funchion of tine at various distancss froa high-yield

thasacudclear c2tonations.
Prior to Castle, little data hed teen obtained on tre effe

ghock front fren hightyleld theracnuclaar deviess cn gavca rate and Sauna
exponurms. Project 2.2 vas desizacd ta maka accurale deleiinudion of i
Geena vates nnd expomues to ba expectcd nt various tinea and distances
{rom hizheyleid thivascnuclear davicag. Corpavisoas with cata obteiced
from enashlarsytela daviess .isy lecd to extrapolation facters that would \
eraikt morecaccurate predictions of ruullation levals ard dosage over a ;

wida renge of yields.
Tsttlalyeussa vate versus tins waa dsteraln

tenees froma ground zaro; particulerly, tho offeat on init
cwized by tho preszge of the shock Peont from grounl zero

. Gatcetor sistion.
Fosidurleevora rate versus tira was moasuvod to previds fac

ridiction thisvintensity dota, witeb give Infor tien bon oa reltout
wa of tardval aid geuatrleldtdacasy rate during tha Jécrour peried
Star tho detonation.
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caece

of the absorption medium, and produced a consequent change in the shape of
the gamna-rate-versus-time curves during this period.

1.3 THEORY

The gamma radiation omitted from a nuclaar datonation may te divided
into two portions; initial and residual reiiation. Tha residual portion
may includa radiation both from fallout and froa nautron-induced activity.

1.3.1 Initdiale-<Geor saReddation, For devices with yinlds of lass tran

100 kt, in whichthehyarodjnasle erfect is uall, the initial radiations
are divided approxinitely as showa in Table 1.1 (from Sufersuca 4). The

TAGLB LoL Freooy PastIticd sag DUITIAGL 2 OlasIOmS POM
FISSTON-TYFR BVIGS

Froa Reference &

 

 

Yschaniaa Fercont of Total Total Zoeorgy
Fissica Sasrez yer Stizatoa

tat

Frost Noutrana 40 3
Pro pt Cu-sag? 40 8
Master ehat Guts 2.7 3%   

  
  Yiwatog Pic tant Tahae 2.7 Soh

Fiseton Pract teutrhinog 5.5 11
Colayed heulrowe Ou 0.2

 

*Hoatly susccrk-d in toe davice

jor contributions to inittal-gamra rodlatioa are from ths fiassLen-preduct
et cama the geraa rediabtca fron moatron esphum by i (nay) in
Saczimlogiva co ‘poncaha ond] taoe . 9 yrecuph Es VAS ara rearly
sorbed da tha e@avics dteelf ad cee of 11tile ctealfienn29 cutaidg

tha f4r. fonemictuse ae poode.iasta ah clogs 0’ times
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induced activity. The decay rate of the residual radiation from fallout
will follow approximately the expressions

71,2
i az I,t

and

&
rf tat = hath (ii)

th

Where: Ip = exposure rate at time t

Ty = exposure rate at unit time

t = time

r = exposure beiween times t, and t, where

t; = 10 seconds

It is expected that the decay of the residurt radiation will vary wit
weapon design. For exeacplo, ths prosente of Np‘? would tad to decrease
tha shsoluta value of ths dscay exponent for a period of tins.

1.3.3. AbsorptioninAir. Tha assorption of unceattered gumua redia~
tion inhorossagous oie 12 ¢yponentdal with dietanco. Prom a point source
of c. snozsargatie rediiation, the varietion of inteneity with disicrea ie
expressed a8

 

_ Ty exp(-D) .Ih2 (1. 2)
au

were: 1D intenstty at distance D

= source Intensity

BKB total linen ahousstion goeCielont (Eats

t syelly daevene 3 with

Ingres stint carma anscry)

D = distunse

omy
aed KOLODAta aCDE!

   
Sistant win Pevatten 2.2 fa eco}isshhy fos an pow

beams wgotion S 3 for Pl: ver lTabops ves
$y cts i rout a ~ . frets dees oc ty a de
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and distances have been calculated (Reference 5), and soma values are
stown in Table 1.2. For omnidirectional detectors, the expression is:

L, IBextaaD) (1.3)
Tt

1.3.4HydrodynamicEffect. As shown in Soction 1.3.3, the attenuas-

tion of gazza redfation is highly Geapendent on the anount of absorber

tetweon tha source and the detector. For devises of less than 100-kt
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Pijsre 2.] Cerra exposure vosdtetecer for a dekh qurioca burate
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yield, eeatdally all of tha initdelenena vediation da ¢ec
the chock front can preduzye sa corvictabla ch ale in tes  

 

ab ~~

tion of tie mim tx ate OFS

velocity of ths pont 3 cUly bigh te nt
Keng cent of a lerla rerisalerue af cho dotthabnge

emcee:



 
i

6). The higher the yleld, the larger is this percentage. A simplified \
treataent of the hydredynanie offuct follows.

Assuming a sphere of volume V,, radius R, end filled with a gas of
density pp and mass M, then

4:R!
= Vepy = aah (1.4)

Let the gas be coxpressed into a shell with thickness AR (R renain-
ing constant). The new gags volume {9 expressed as VY with a density of
po (Wy = 4r R? AA). The mass has not changed; thus .

.

M = Vong = 47R® ARG, (AR << R)

4nR3p . 2 . .

—= = 47R ARP, (1.5) !

.R
ARp, + “Ee (1.6)

Equation 1.6 indicates that a ray originating in the center of the .
sphere would traverse only a third as much of the mass in the shell model :

TABLE 2.2 CALCILATZD BIILO-UP FACTORS i

Tis bulldevp Castor (2) given tore is the factor By (4,D, By} j
as competed by the iciaar Davelomsat Assoclatae for AFSWP
(faferencea 5).

 

 

 

 

Energy i2,) Bulld-up Peator, B

A,C00 yarda 1,570 yaote 34000 yards

tov

i 16.2 43 ~8$
3 3.85 5.93 19.2
4 2.97 4.0 7.09

190 1.0 2.02 2.99

es it vould in the homovencous mid2l. Tho result vould ta en enhrotement
of rediation. Once the «shihoof wh tardal n tho shock front passes the
datector, an oven-greatersSomh oneeont eh uld recult.

As proviously stated, the Bh (ayy) ccoccoaent of dndtdel redtation ds
eseantially omitted within 0.2 cocond. Cinca Lt tekas at Lesct ono s2er
ond for the shock front to reach aGateetor et a distesss of 7,000 fcat
{oven for deviers in tha order of Gr), tu id (nv) corseonent 43 not
si,cnificaniiy etharsed. Tha fl:iadon-pacdueet Eormas conbaer to contribute
during tha Strst 39 sccords; thovafore, this raltintion la stver ly eahunced
by the shock wave.

43

SECRET

w
e
e

fmete cee retemmemtt eememae care mmmie me reo meee



ee

nee

eetl,Lanett

ml

meNace Sey + nll

Rennagehe

nentNinaaEDMSnmatt =

Chapter 2

PROCEDURE
2.1 INSTRUNENTAT ICN

A lew-sensitivity systea was usod for moesuring hightinitial- and
high-residual-gasca radiation rates. For maasuring lowr residual~gama
rediation ratos from fallout, th inatruientation waa of high seiusitivity.
(See Appendix for circuit theory of tha instrumntation.)

2.1.1 Low-Sensitivity System. The detecting element was a stilbene
crystal mounted in a graphite block for clactron equilibrium. This crys-
tal asserbly was installed inside a hlast-resistant housing at the top of
alight pipe. The crystal cutput passed through the light pipe and was
cetacted by a 1F21 phcotonultiplier tube. This tube was used in a 100
percent feed~beck circuit, which held the anode current nearly constant
(regardless of the incident light) by reducing the photomultipller-tube
dynode voltage. The gain of the tube was approximately a direct function
of the antilog of the dynode voltage. In this mamner, a useful dynamic
range of about 10 was realized.

Tw different recording systems wero ved to take edvantage of the
wide dynante rangs of tha instrecant. Insitial-ge-ma rates from 10° r/br
to 10° x/hr wore rocosvied by a high-spsed recorder, which was capable of
rosolving to 0.01 c2cond with a recording tina to 20 minutes. This re-
cordur, wonufcotured by tha Sanborn Cocnany, Cavoridge, Massachusetts,
uced heat-sensitiva paper and @ hot-wire stylus. It was found to be will
suited to recording under the adverra conditieng encountorsd during nae
clear testa, since it vas virtunlly free of the troubles that may arise
with ink and photoprephic recorders.

Initiol-pacna rates fron 0.20 r/hr to lof r/ar with low resolution
over a long-tins period were recorded by a Bristol recording millivolt-
meter. This recorder used stoked paper, hed a minning tine of about 24
hours, and a tine resoluticn that was proportional to tho running tire
(1 rinute at tha start acd ntinutes at the end of 24 hours).

A double station, consictins of two detectora, one with a lou- cid
ong with a hipghtresolution recording sysiom, covered tha rarge from 0.2
rfhr to 10? r/fhr and reescded unsful data from 0,01 cecond to 24 hours.

2.).2 HieheS nalsivity S.sten, The detecting olecent was en anthras
scene eryst\l countedinaEreposeablock for electron ecnilitrsum end ate
teched to tha wiadow of a 5219 photemultiplior tube. This tubs, dike the
U2l mentioned in Section 2.1.1, wa3 ured dn a l0O-percent fecicback
elrevit, and the ancda current was kept virtually constant. Its gain was
approximately a direct function of the antilog of the dynoda voltage.

4
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Therefore, it was possible to plot the incident light, or ganna radiation,
as @ function of the dynode voltage.

All electronics were mounted inside a light-aluminum housing for pro-
tection from weather, thermal influences, end small blast pressures. The
output was recorded on a bristol recording millivoltueter, which rucorded
paca rates from 0.2 r/hr to iu! r/rr for 4 pariod from] minute to 2%
Tours.

For field installations, the instrumentation systems described in
Sections 2.1.1 and 2.1.2 were inounted inside standard 55-gallon stuel
druzs imbedded in concrete. Figure 2.1 i3 a block diagram of the detector
systams.

2.1.3SpecialDetector System. A special detector system wes de~
signed and constructedtodetermine the effects of high-garma rates and

DETECTOR HEAD

 

   

 

   

 

 

   
        
 

CRYSTAL

TIMING SIGNALS

GROUND

: . LEVEL

— CONTROL

UNIT

FLIGHT PIPE
Lae

—wa

POWER RECORDER
UNIT

PHCTO-

BULTIS
FLIER      
 

 
 

imape 2,1 Block dingvren of a typle#l detuetor cysten. Tha dotacting
dlenant 49 oither a stiltens or an entbrac cna crystal “ipectirg on
whettor it da part of a lowe or a hignsstasitivity cystan.

cumulative exposures on the crystel datucting e@lecent. Two Ilsy-sonsitivity

detector Inads were enployed: one dm normal usece cad the eccond covered
with a Selinch*thick layer of lead shot to aticnuste the game rodistion

reaching the crystal by a factor of atcut 160, Tha “norsal™ head detected

is
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the incident gamna rate, whils the lead-covered one detected 1/100 of this

rate, and also received only 1/100 of the total exposure.

To calibrate the station with the normal head, the first method was
used as described in Soction 2.2.1. This required tha placemnt of a '
density-four neutral filter between the crystal and tha photonultiplier .
tuba of tha normal station to increase tha range %9 10° r/hr. The lead-
covered head required only a dsnsity-two noutral rilter, inasmuch ag the
lead covering s:rved to attonuate the Incident gamua radiation by a face
tor of 100 (equivalent to a donsity-two filter).

If tha two delector heads track, tha crystals are not being differ=
entially effected by gamma ratos ond cumulative exposures. If tho deteco
tors do not track, it is an indication that there is a rate or cumulative
exposure doperndance of tho .system or a significant changes in the spectral
quality of incident radiation. In the evant thet scintillation crystals
are shown to ba nsither rate nor docega dependent, the assuzption may ba
mad? that a naarly linear extrapolation of low-intensity calibration can
be porformed.

2.2 CALIBRATION

2.2.1 Hivh-Intensity Calibration. Calibration for high rates was
basedon the assutption that tha light output.of the scintillation crys~
te is a linear function of the incident rediation at least up to 10!
r/nre

Two techniques ware used to calibrate the high~level instruzents.
l. the first method, tha dotector head was calibrated from 0.2 r/ir to .
104 r/tr, using en 28-eurla Cosources. To extend thea ranva of the ine
struvent to 10% r/hr, a density-four nautral filter was placed bot-xen
the crystal end the photomiltiplier tubs.  Uffectively tha systen would
then seasure rediation from about 0.2 x 10° x/nr to 10 r/ar

It was nocassary to put jvitelding eround the photo:attiplier tube,
sinca it was sensitive to radiation. Tho purpose of the sideiding was
a sttonpt to attenuata tho incident guia ceiletion on tho ph:hotonal “Inlles

by tha sum order of tegnituds as the noutral de asity ftiter attrnuatas
the light from tha erystel. (This was not possitle in tha field, as the
éaount of seatter radiation striking the photoultiplier through tha
light pire pmeludad an ottenuation factor greater than 16})

In the cocond highwinteneity calibration mthod, tho detestor tead
was first calibrated from 0.2 r/hr to 10! t/bz using on Etseurts com
source. The crystal was thon replsced by a lichb couceca of the sar
spectral quality as the stilbana erystel outwit, Tha ovtput of tiie
light sourea could ba voriad dn inova inerevontae A shot v3 nado of
this output versus tho rolativa ineteont luntnous flux. The esl loretion
curve thus obtainsd was then rocuelized to the curva obbained vith rodias -
tion and was found to tresk very cloroly up to ths nextmun of 164 r/hr
(Figure 2.2). Eacaurs of the esroement botwen tha Lichb end the rediac
tion calibrations at tha lew levils, the light calibration was tired ag a ' .
basis for extranolating the rrdiatioan enlibration curyos up to 1c? r/ne.

s
t
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TABLA 2.1 INSTRUMENTATION FOR EaCe SHOT

 

 

Statiog Talaod Rarge free Beecription
Ruatler Location tare

feet

Shot 22

220.08 Coos 83,%2 Single high-senaitivity unit
220.19 Able 6400 Two lowreensttivity unite
Pyures Coarlie qx Bea Drevesactiivisy undsa

Two Isvrasaaltivity units with

20.2 Dog 41,372 Cre catector tmed shielded vith Pb
220,13 Easy £59279 Single highmnsitivity ustt
wh Peter 82 645 Single bigh-mcaaitivity unit

221.01 Willigem 61,79 Single high-asceitivity unit
222.02 Yoke $4,409 Single Rightoorsitivity unit
221,03 Zebra D898 Single hightcensitivity unit
22104 Alfa 49,432 Sirgle higaesensitivity unit
221.05 hrevo 47,590 Single highcaensitivity unit

Snot 22

220.08 Oboe ~ 83,000 Singhs high-sensitivity unit
220.12 Dog ~ £2,400 Single hightaercitivity unit
220-14 Peter ~82,700 Stagls Algure-aadeivity unit

‘ Saot 3s

220.08 Oboe : 26,778 Cos low and ona Aighaoaitivity unit
220.09 Roger 7,52 One low cal cas highvsensitivity unit
2.12 bog 69,112 Single high-esnal Svity unit
220.1% Peter 1,79 One low= sud one high-sensitivity unit

Shot &3 .

220.06 Fox 13,502 Ors low= aud om highvscnsitivity untt
220.07 George 15,59 Cem love ard cig hightaensitivity unit
200.12 dog 7AM Tyo lov-sunsitivity unite
200.13 Saay 9,602 Cos Bigh-senaitivity wait

Shot 54

Nons

Shot 63

Unnuabered Alios ~18000 fvo portatle highssensitivity unite

 

2.2.2 Tov-Tntonaity Colibration, Tha low-lsval detectors for mase
uring fallout wors ecLitrated Gitsetly with au kS-eurde Co? course.

  
262.39 ProreyPecantanea. Both iba anthresena and stilhere datector

ByBtans favo Enroniy davaae pectones over tha ecorcy
kev to Slav. Th postepiration lstboratery recnlibra'le.:
wero and stilbene cdotcctors that was originally ples:  
2.3 SHOT PARTICIPATION

Teble 2.1 summarizas ths lcoatlon, range, and types of inatruzsntas
tion used In each of tha shots.
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dacay exponent x, in the expression I, = 1,\t7*, was found to change from
about 1.35 during the period H + 3 to H + 10 hours to about 2.1 during the
next fourteen hours.

Figure 3-2 shows that at Station 220.08, fallout started to build up
about 15 minutes after tha detonation and reached a maximum rate of 34
r/nr. The integrated exposure was 133 + during the first 24 hours. The
decay exponsnt was 0.81 for the period H+ 1 to about H+ 18 hours.

Because of tho unexpected high yleld of Shot 1, the instrumontation
sustainad sarious damaca, Lowsansitivity Statian 220.19 on Able waa
destroyed by blast. Fallout Stations 221.05 on Bravo, 221.04 on Alfa,

to?

 
o
e
r

o
m
e

RO
EN
TC
EN
S/

HO
UR

ic?

10%

Com aon 1.0 10

Time (SEC)

Fizure 3.1 Initial-gamna rats versus tires for Smt 1l, Station 220.11
on Charlie. This tation waa 7,206 feat from ground zero.

221.03 on Zebra, 221.02 on Yoko, and 222.01 on Willian either rim struck
by nissiles or inundated by vater. Thera stations did not provides relic
abla recomis.

3.1.2 Shot 2. Instrvrent ctationa at able and Charlie mre deatroy~
ed bySISA cyorp;esures fron Shot 13 therefora, Shot 2 could not be ine
strumnted for close-in initial~gozmacrate wasurecsents.e Fallout from
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Shot 2 was of such a low level compared to existing background that fall~
out stations on Oboe, Dog, ond Peter did not obtain good records.

3.1.3 Shot 3. No initial-gamma rats data were obtained because of
the unexpectedlow yield of Shot 3. Fallout Station 220.12 on Dog pro-
vided a good record (sse Figure 3.3). Faliout atarted to build up atout
20 minutes after the detonation and reached a maximum of 24 rfhr. Inte~
grated axposure was 51 r in the first 15 hours. The dacay exponent waa
1.28 for tha pariod H+ 1 to H + 12 hours.

3.1.4 Shot4. Figure 3.4 (Station 220.12 on Dog) shows that the
initial-gausna rate first dropped in cagnituds, then increased slowly froma
0.4 to about 1.2 saconds, and than increased relatively rapidly to a value
of 7.2 x 10° r/hr, approximately the sams 4a tha original rate at tine of
datonations. The slow incroazs appears to be tha combined result of th» ex-
pansion of the fireball and tha approach of the shock front toward the
datector station. The rapid incivass waa caused by the passage of the
shock front through the detector atation.

Figure 3.5 (Station 220.06 on Fox) shows the same phrnowena as Fig-
ure 3.4. Tho expanding fireball and tha spproach of the shock front cause
a slow fnerease in tho caozma rate from 0.7 to 4.48 seconds. Passage of
the shock front theough the detector station causes an abrupt Increase to
about 4.5 * 10' r/hr, after 7 saconds. This peak is about the sam as the
original rata at tins of cetonation.

The record obtaingd frou Station 220.07 on George shows en initial-
gamma spike and ths arrival of the shock front 5.86 seconds later. How
ever, the ceflection was too szall to cermit the readout of a tim history
of the initial gacca. From Shot 4 data, tha average volocitiss of tha
shock Cront batwsen ground zaro and Dog, Fox, and George are computed to
ba about 5,100, 3,C00, and 2,600 ft/sec, respactively.

Facidusl-genua rate versus tim is plotted in Figuro 3.6 (Station
220.07 on Coorge). Fallont reached a poak valve of 620 r/hr, and the x7
cordsoxposute of the firat 10 hours after detonation was 1,237 r. Ourm-
ding tho pocacd U + 2 to H+ 6 mara, tno decay oxgosant vas 1.39, and froa
H+ 7 to. H* 10 hores it va3 1.61.

Tiuses Piguras rapresont th data en reads 00 sorrection for ulr dene
sity has bsen aida. The relative cir cansity for ths Castle events is 0.9.

3-2 DATA CORRELATION

3.2.1Intneratad SroowrPita “oycis TotalSxroreéa. The dosegos
obtaincsd cy Untegrating thy euvras of Vinjliea g.2 fd 366 nave bien come
paced to coface measurersnta mada by the ational Biresu of Standords
(235) tyre photographie deriratars on Project 2.1 at tha cata etstion
locations (Raferanco 8). The recults ora #ucuerlzed in Table 3.2. Bon
cause tho encra rates obtalnid aro valid at a oiffictent mriber of medium
distanea stations vem wsrsarr did nob axcend 10'r, it rey be aseumd
that tha results are also valid at closecin siations ware the total ex~
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Figure 3.6 Beatdsal-yanna rate vereig tine for Shot 4, Station 220.07
on George. Thia atatlos wae 14,5.9 feet feos ground vere.
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posure was less than l0’r. This asswiption is basad on data showing that
the response of seintillation=type crystals is not adversely affectod by
total oxposures of less than lO®r (Refsrence 7).

3.2.2 Special Detector System. The data from Station 220.11 on
Charide, Shot I, showed that the two heads did not track. This was at-
tributed to the presence of scattered radiation that entered the shield-

TASLE 9.2 Gaia RADIATION OCSAGE

Conrarison of dosage measirvasnts cade with NBS type phatographis
dosimeters on Froject 2.1 and dosaya measurewcta at secs ranges
nade by sclotillatica datectors un Project 2.24

 

 

Distanw to Prosect Station Doee : Tine
Ground Zere

feet & bh

Shoat ls

83,72 2.1 210.23 19 H+ 82
2.2 220.08 133 He 20

41,372 2.1 210.12 6,000 He 78
262 220.12 3.735 Re 2

Shot 43 .

15,59 2d 210.21 2,989 He 104
262 220.07 1,237 Re Jo

 

ed area through the light pipe. The sonsitivity of the photomultiplier
tube to radiation required the presonce of shielding to ettenuate the
radiation in thea sane order of magnitude as the neutral-density filter.
Vion it proved impractical to Increaca the shielding, the use of neutrel-
density filters to increase the datector's uprer linit vas sbandonad for
rouaining shota.
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Chapter 4 .

CONCLUSIONS

The following conelusions were reached, based on the empirical results
of Project 2.2, and on collateral data obtained from other Castle proj
ects:

The passage of the shock front from ground zero to and through the
detector station has a marked effect on the initlal-games rediation rate
for high-yleld weapons. The percentage of total-initlal-garua-rediation
exposure received prior and subsaquant to the errival of the shock front
was found to te a function of the distances from ground zero.

Initial-garza radiation ds of negligible significance since blast
and thermal effects in tho seme range of distances ara so great that
survival would be possible only if personnel were disposed inside blast-
and thermal-proof bunkers. /

Tha rate of decay of ths residual field radiation from fallout was
found to vary with distence and direction from ground zero. Tle rate of
decay increas:g rather abruptly several hours after tha cetonation. This
may be attributed to the presence of short~lived isotepes in ths residual
contamination and to rractionalization of fallout materials.

Figure 4.1 indicates that Project 2.2 msasuroments of initial~gauna .
radiation exposures from thermonuclear cevices of high yield are in good
agrecvant with data from "The Nuclear Radiation Handbook," AFSWP 1100.
It shculd be noted, hovever, that the Castle Project 2.2 data was one of
the sources used In the preparation of the prediction curves of that hand=
book.
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Chapter 3

RESULTS ond DISCUSSION
3.1 GENERAL

Figures 3.1 to 3.6 are plots of gamma rate versus tim: at various
distances from ground zarce

Exocination of tha figures makes apparent the offact of the shock-
front passege tetwaen ground zero and the datector station during the
initial-gamca radiietion. Aftar ths passage of tha shock front, the initial-
€anna rate rosa almost to the sama valuo as it was at the time of datona-
tion.

Table 3.1 gumuarizes the gecmacradiation data for the stations used
during Shots 1, 3, and 4. The extensive instrumntation originally planned
wag not follow:d because of tim unexpected loss of most of tha equipment
stored on Tow during Shot 1. Out of a total of 30 low- and 5 high~
sensitivity instruments, only seven of the Corser and two of the latter
were salvaged for. suceccding shots.

3.1.1 Shot 1. Figure 3.1 shows initial-gamsa rate versus tina for
Station250.11onCharlie. Tha increase in rate from 0.35 to 0.9 second
was apparently caused by the cxpanding fireball and the appreach of the
shock front tovard the detector station. The shock front arrived at the
datoctox station at 0.9 sacond. Tha averages velocity of tka shock front
batween ground zaro and tre detector station was computed to ta about
8,000 fi/esc. No further data wre obtained because the station was do
Atroyed by missiles at that tims.

The special detector systam at Station 220.11 on Charlia was designed
to datermino the rate or cunilative exmosure dependence of the crystal
Cotactingeloments, as well as to measure the initial-gonsa rate. Rocortsa
Obtelizsd shored that the two detector heads did not track. Loiwvar, it
wag datermired that this vas rot cus to a rata cr doageva depenurnees ef the
erystals, but rather to ecattered yacma radiation entering throuzh the
Licht pipa crd striking tha photomultinlior tube in the station vithout a
gnisld around the ditector bocd. Since a dencity-four nuutrel Plier was
Placad Yatizen the erystels end tho photozultiplier tube to increana ths
ranga to 10° r/pr, tie offect of thy coattered redietion anticin? through

tra Light pire ves to cultiniy ths dimct effect of gama rediction on bls
photemutipliar by cavers) anters of rrunitudae Bacauca of this, Vi
record tont off ccele ds-sddately end save no trus irdteatior of tha caus
rata. Zor station with tha chiele:d dstaetor head rroviticod a good rosenl,
bkeceuge tha lead chfoldins uffeetively attenuated the gacua vedinilon that
Teacind tis phototub by a factor of 100,

Fisure 3.2 plots ranildesd-gitla vata varsus tinn for Stations 209.12
and 220.63. Tho sroph shows thet at Station 220.22, fallont started to
byulld up 19 sinutes after the dstornstion and reacted a cexteea vats of 10°
rf/hr. The integrated exposure for thm first 24 hours was 3,735 re Tha
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anweme Predicted Dose Nuclear
, Radiation Handbook

AFSWP {100

weaene Keasured Dose
Project 2.2, Shot 4

 
9 i 13 15 7 i9

DISTANCE IN FEET (THOUSANDS)

Figura 4.1 Initial-ganmca dose versus distance. Conrerdison of dose

reacurad on Shot 4 with dose conputed by tethod givea in The Nuclear
Radiation Handbook, AFSWP 1100. Yield 7.0 Mt. fPelative air density
0.9.
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Appendia

THEORY OF INSTRUMENT OPERATION

Pulfilinent of tha objectives of this project required an instrument of known operatiocal chare
acteristics {nm varythigh radiation fields, and with en extremely large dynanie range. The former
yeyulrumat Icilcated that a sclovillation datector would te tush suited; the latter lod to the
ehoice of a fasd~back circuit that kept the photomiltipliar-tubes anods current substantially
constant and thus prevented fatigue cf the photocathode under high flux.

The protoaltipliar dynoda voltaga Js davelsred esroas thy cathoda resistor of a cathode fol-
lowr, whoes tupat eignal is dorived from the photozultiplisr e.oda curm.t (Aigure A.l). fo
inereace in the incidant Juss flux on the plotocathids tenda to incrwssa the photosultiplier=

 

 

 

 

 

Figura Awl Sehotatic dieran of a typlool cotactor system.
Highwtnteaelty mecun ania wera roto vith a le2l photo-

multiplier tute whoireas falloud roasuminnts wom mde with

a 58lo-type tube.

tuba acede curmate Tecresstd ancda current posante e@ ocesilve atonel to the contol tub, diac
ing Gta fopedanew of that tubs ard Joweriry ths soltes anemng the py’ atoviltipl ioretute

Frew tra acclitsation of tha ct ste: tha vwoltace,
Coote voltey will onura a rina es dittea is

Garideces th udynoda

cote

dyes
ths

   

  

 

     

 

  
piv igo lot ibitopel

tube ond C21 4 am Ting voltastorte
Tis ter ca of ane fecteurrant variation ema be calculated for 3 gavaa control tube and feod-

back resistor. If tho control tuts bas a grid bea of 5 volta (shat fa, the tobe cuts off at
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2 welts), and the feed-back resistor is 100 esgobes, tha maximum value of the «ow current Ly
3 giver bys

= . = ix a § & 107 amperes (0.05 pa)

Thus, In « typical clrouit the photomiultipiler-tubsa anodes. current cannot excoad 0.05 pa, and
at this value of current toare fs no dangar of photocatiods fatigue. Sines this vas a 100-parcent
feed-back clroult, it vas virtually inticpendont of control-tube cLaractaristics end dsponded only
on tha photoxultiplier-tube charactertstta and the value of ths feed-back resistor. The response
curve cf the fngbrusiat elosoly followed the photomultiplier tube's gain chacactaristic for vary~
ing dyueds voltage.

Tra tube cosplezsnt tncluded-a U4 as control, @ LP2l photcsultiplier In the lossensitivity
(bighvintensity soasurements) eystea, and a S819 protocultiplior for fallout svasuresmnta (bight
supaitivdty syotea). Although tha rated plate-to-fLleswut voltsge of the lU4 ves excasded by @
fector of tun, no difficultied wera exporisneed if Pilasonty were allovad to warm up before ap-
piying tia plate voltsca. A GS-volt tsttery applied a constant voltage tetwoen anode and ninth
épisca of the paotoculiipiisr, eince the latter is most stable whan cperated with a constant
Voltasa betjea thoes points,

Ro varlatioa in insiaveont oheracteristtes could be dotacted when tho control tubes sere
replaced. Tila was treo e.ua eben tittes tore trisd with cifferent chavastariatics (cush as the

124) bat alviter pin comnettena, This euistentiates tha thoory that in this l0O-percent feed*

tack efreult, tha plotemltipliaretuos chucecteristis dy indapanient of ths controletube paraw

etsrs. The dynazta ran.s of tha isstniant ds atoconimately 107. When the extrem velus of
Synesie renge is not reqaitad, tha rmesxar cay bo adjusted to opsrate over & portion of thes
ranja, thes providing an expasted scale over tha ragion of interest. For sxanple, in poms locac
tions where a dynante revia of 1? ves auficlent, the reco.sr was adjusted to omrate over this
Patan of ths instrument's culout. A morevaccurate recording wae provided by making thsas ed-
ustasnte.
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NOTICE: When government or other drawings, spect-
fications or other data are used for any purvose
other than in connection with a definitely relat
government procurement operation, the U.S... #°
Government thereby incurs no responsibility, nér any
obligation whatsoever; and the fact that the Govermn-

ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or c3rpora%ion, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any wey be related
thereto.
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